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12 Engineering and Environmental Design, LLC (12) was contracted to perform design and
analysis for New River Channelization - Grand Avenue to Skunk Creek Including Paradise
Shores segment. This work for the Flood Control District ofMaricopa County (FCDMC) and
the City ofPeoria (COP) is under contract FCD 2003COOl. As part of the 60% response
process to FCDMC comments, a more thorough discussion of n-value analysis verification was
undertaken. This memorandum is written to document the methodology for choosing n-value
used in the hydraulic analysis.

1.1 Background
The HEC_RAS model ofNew River between Skunk Creek confluence and Grande Avenue,
US60 was based on the Wood-Patel 1996 hydraulic model. This HEC-2 (1994) model used the
following n values:

Table 1 Original Hydraulic Analysis N-Values

-

Cross Section Location N
r······ ...•.. ...•....•..........•... ··.··-·c····--·····.. ··..·••-.·.· ·· ...•"'." .- _........ ..........•..... _. •. -_.•.•....•....._•.•.-.

Overbannks 0.45

Main Channel
,

0 .._ •• ~ •••• __ ~

0.030

Some concern from the FCD was voiced relating to the seemingly low value of the main
channel n value as run in the original HEC-2 model when correlated to the existing condition
relatively high density of vegetation. Subsequent discussion with the FCD indicated that
increasing the main channel roughness should be done to reflect realistic/current conditions. J2
used the following n-values for the updated hydraulic 60% analysis.
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Table 2 Updated New River Hydraulic Analysis N- Values

Cross Section Location

Overbank:s
·1

N

0.45
p_ _ 'W•• _ ... _ _ ,.__ •• "

Gabion Side Slopes wi Sacrificial fill and some plants
A •• _ • • _ w._•• ,"__ ••••• __ .... '•• ~•• ._,_ •• ~••••,". _ •• __ .~ •• __ ._. .... _

Vegetated areas adjacent to low flow (within the main channel)
..- .... ~ .._--.-.- '--'-"-~ ..~-"---

Low Flow Channel (clean and cobbles)

.w _.

I 0.035
i

0.045
- - -_.-'

, 0.030

The following sections will briefly explain the rationale for these values taken within the
framework ofFCDMC accepted methodology.

1.2 FCDMC Procedure
N value determination is based upon the FCDMC's document titled Estimated Manning's
Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County, Arizona.
This manual was prepared by the U.S. Geological Survey for the FCDMC. This document
presents a methodology developed by B.W. Thomsen and H.W. Hjalmarson to estimate
channel and floodplain roughness factors for major drainage ways in Maricopa County.

The procedure estimated Manning's n-value roughness factor based on an equation which
adjusted a base n-value for such factors as channel condition (e.g. stable or sloughing),
obstruction, and vegetation. J2 used the following equation for estimating Mannings n value is:

Where:

no is the base n vale for straight uniform channels

nl channel condition adjustment - surface irregularities

n2 effect of obstruction adjustment

n3 Vegetation adjustment

14 Variation in channel adjustment

ms Degree of Meandering
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The manual calculated n values for various cross sections based upon the first three adjustments
for cross section characteristics (nl, nz and n3). However, Table 2 in the manual provides
guidance on adjusting n for reach length characteristics such as chaIll1el variation (with respect
to geometry), and channel sinuosity (i.e. meandering). J2 used the equation for n that
accounted for all 5 parameters. A brief discussion of each component follows below.

1.3 Determination of No - Base n value
Base n values for stable channels are given in the n-value manual in Table 1. The table bases
the n value determination on chaIll1el material type and size ofbed material. The New River
chaIll1el bed consists primarily of smooth and rounded cobbles and small boulders. Average
bed material size range is approximately 5-12 inches in diameter. Based upon site observation,
and FCDMC methodology the base n value was estimated to he about 0.030.

1.4 Determination of N1 - Degree of Irregularity
The degree of irregularity, nl refers to a channel's relative condition. An nl of 0 indicates the
smoothest chaIll1el possible. The ratings for a chaIll1el's irregularity are smooth, minor,
moderate and severe. The specific variations in the channel affecting this value are the
condition of the channel side slopes - degree ofjaggedness and tendency to slough and or
erode. The greater the irregularity the higher nl will be. Table 2 in the manual indicated that nl
ranges from 0 to 0.02.

Examination ofNew River reach indicates that the banks are generally slightly eroded and
sloughed. The channel is generally smooth with respect to sharp irregularities along the reach.
New River reach was considered to be generally smooth and an nl of 0 was applied for design
purposes.

1.5 Determination of N2 - Effect of Obstruction
Nz is an adjustment for channel obstruction. Obstructions include debris deposits, stumps,
isolated boulders and concrete debris etc. The effect of obstruction is categorized negligible,
minor, appreciable and severe. The adjustment factor ranges between 0 to 0.06. The higher
percent area blocked out by the obstructions the greater nz will be.

Although the existing and plaIll1ed vegetative growth does obstruct flow, this effect is taken
into account when estimating nz. Actual obstruction due to debris such as stumps, boulders and
concrete is relatively minor - approximately 5%. A minimal main chaIll1el nz was estimated at
0.001

1.6 Determination of N3 - Effect of Vegetation
For this reach of New River, the adjustment for vegetation is the most difficult parameter to
quantify. This is due to the high number ofvariables that vegetation characteristics imparts to
channel roughness. Table 2 in the manual provides general guidance but determining this

--- -_._---
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adjustment value entails significant engineering judgment and coordination with FCDMC is
critical to determining an acceptable value.

N3 is rated as small, medium, large and very large. The adjustment factor for vegetation is a
function of plant type (flexibility, geometry of canopy - that is if the trunk length to overall
height is high), hydraulic radius and the flow depth to vegetation height ratio. Table 2 from the
FCDMC n value manual gives guidance on the adjustment to be applied for different scenarios
ofplant type and flow depths.

For this reach of New River, the main channel plant types (trees) specified in the plant design
for New River include:

• Cottonwood (Populus Fremonti) - 50' high by 30' wide at the top of canopy - 10' -15'
trunks - trunk diameter of 12"-36"

• Gooding's Willow (Salix Gooddingii) - 25' high by 20' wide at the top of canopy - 5
10' - trunk diameter

• Sandbar Willow (Salix Exiqua) - 15' high by 6' wide at the top of canopy - 4'-10'
trunks

These tree types were considered (for estimation ofthe roughness in the main channel) the
critical plant types. Shrubs and low vegetation will generally have a negligible affect due to the
high SPF and 100-year flow depths. This type ofmaterial would in general fold over and or be
washed away during large storm events. The effect on roughness due to these plant types is
more applicable when modeling smaller events. The main contributors to n3 in the main
channel were the 3 tree types mentioned above.

The source for general dimension characteristics of the trees was drawn from the Mountain
States Nursery website - http://w\vw.mswl1.com).

According to Table 2, the vegetation adjustment n3 is s primarily a function of flow depth to
height of vegetation. However, other factors ofthe vegetation character impact the adjustment
factor and must be considered. Examples are trunk length, obstruction area and flexibility.
Consideration ofthese factors influences the rating chosen for n3.

Where the trunk height indicated that flow would only "see" the less obstructive trunk (not
canopy and trunk combined), the severity ofthe rating was reduced. The thickness and rigidity
of the tree species also factored into n3 determination. As the vegetation increased in thickness
and more rigid the vegetation, the n3 rating, increased.

1.7 Determination of n4 - Variations in Channel Section
The adjustment variable n4 represents the adjustment for channel variation in shape of cross
section change along the reach length. The ratings are gradual, alternating (occasionally) and
alternating (frequently).

For this reach ofNew River, it was felt that the channel section change was gradual. Therefore
the I14 was O.

-----~----- ~ ..-
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1.8 Determination of ms - meander
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The factor ms is applied to account for meander of the channel reach. Ratings for meander mS,
are minor, appreciable and severe. Table 2 gives descriptions ofthe degrees of meander and
the appropriate factor to use. For this reach of New River, meander was not considered
significant and a rating ofminor was used. Ms was estimated to be 1.0.

1.9 Manual Tables 1 and 2
For convenience the tables shown in the FCDMC n-value manual are shown below.

Figure 1: N-Value Manual- Table 1

Table 1.--Base va7ues of Hanning's n for stab7e channe7s

[Modified from Aldridge and Garrett, 1973, table 1]

Base n values

Size of bed material

Channel material

Concrete .
Rock cut •••.•..••••.•.
Firm soil ........•....
Coarse sand .
Fine gravel .
Gravel .
Coarse gravel ..••...•.
Cobble ......•.•.......
Boulder ..............•

Millimeters Inches

------- --------
------- --------
------- --------

1-2 --------
------- --------

2-64 0.08-2.5
------- --------
64-256 2.5-10.0

>256 >10.0

Benson and
Dalrymple Chow

(1967) 1 (1959)2

0.012-0.018 0.011
----------- .025

.025- .032 .020

.026- .035
----------- .024

028- .035
----------- .028

.030':' .050

.040- .070

lStraight uniform channel.
2$moothest channel attainable in indicated material.
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Figure 2: N- Value Manual - Table 2

Table 2.--Adjustment factors for the determination of overall
Manning's n values

[Modified from Chow, 1959J

7

ChanneL corditions

Degree of irregularity:

smooth

Minor

Moderate

severe

Effects of obstructi on 2:

Uegl igible

Minor

Apprec i abl e

Severe

Vegetation:

Small

Madhlll

Large

!>laming's n
adjustment 1

0.000

. 001- .005

. 006- .010

.011- .020

.000- .004

.005- .015

.020- .030

.040- .060

.002- .010

.010- .025

.025- .050

Ex~le

~thest channel attainable in given bed material.

Channels with sLightLy eroded or scoured side sLopes •

Channels with moderately sLoughed or eroded side slopes •

Charnels with badly slCiUlJled banks: unshaped, jagged, and
i rrevular surfaces of channels in rode.

A few scattered obstructions, Wiich inclu::le debris deposits,
stumps, exposed roots, logs, piers, or isolated bouLders,
that occ4"( less than 5 percent of the cross-sectional area.

Obstructions occ4"( 5 to 15 percent of the cr~ss-sectional

area ard the spacil1Q bet~ obstructiCl"lS is such that the
sphere of influence arOllld one obstruction does not extend
to the sphere of influence around another obstruction.
Smaller adjustments are used for curved smooth-surfaced
objects than are used for sharp-edged angular objects.

Obstructions occupy frOlll 15 to 50 percent of the cross
sectional area or the space ~tween obstructions is small
enough to cause the effects of several obstructiCl"lS to be
additive, thereby blocking an equivaLent part of a cross
section.

Obstructions occupy more than 50 percent of the croas
sectional area or the space between obstructions is Sl11Bll
enough to cause tur~lence across most of the cross section.

Dense growths of flexible turf grass, such 88 SeMllJda, or
weeds ~ere the average depth of flow is at least two times
the he i ght of the vegetation; sl.pple tree seedl ings such 88

willow, cottonwood, arrow weed, or saltcedar where the
average depth of flow is at leest three times the height of
the vegetation.

Grass or weeds where the average depth of flow is frail 0I'1l!

to two times the height of the vegetation: moderately dense
s temmy grass, weeds, or tree seedl iogs where the average
depth of flow is frOln two to three til'lleS the height of the
vegetation; moderateLy dense brush, similar to 1- to 2-year
old sal tceder in the dormant season, a long the banks ard no
significant vegetation along the chame\ bottOlJl6 where the
hydraulic radius exceeds 2 feet.

Turf grass or weeds where the average depth to flow is about
equal to the height of vegetlltioni 8ll18ll trees intergrown
wi th sane weeds ard brush where the hydrllUl i c redi us exceeds
2 feet.

See footnotes at end of table.
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Table 2.--Adjustment factors for the determination of overa7l
Hanning's n va7ues--Continued

Channel conditions

V~getation--Continued:

Very large

Variations in channel
cross section:

Gradual

Alternating

Alternating

Minor

Apprec i abl e

Severe

Hanning's n
adjustment 1

.050- .100

•000

.001- .005

•010- .015

1.00

L 15

1.30

Ex~le

Turf grass or~ W\el"e the avera~ depth of flow is lea
than half the height of vegetation; small bushy tree
i nurgrown Iti th weeds IIlOl"Q side stopes of dense cattai I
growing along cher1l'le1 bottO;tJ; trees i ntergrown wi th weed
8I1d brush.

Size and shape of croas sections change gradually .

Lar~e and slIIall cross sections altemate occasionally, 0

the lRlIin flow occaaionally ahifta frail side to side owing t
chen;ea in croas-sectional shape .

Large 8I1d SlMIt cross aectiOl'l6 III ternate frequently. ortn
main flow frequently shifts from side to side owing t
changes in cross'sectional shape.

Ratio of the meander length to the straight length of th
channel rellCh is 1.0 to 1.2.

Ratio of the meader length to the straight tength of channe
is 1.2 to .1.5.

Ratio of the meander length to the straight length 0

channel is greeter then 1.5.

lAdjustments for degree of irregularity, variations in cross section, effect of obstructions, an<
vegetatioo are added to the base n value (table 1) before MJltiplying by the adjustment for Jr.l!ander.

2corditions consi~red in other steps must not be reevaluated orcl.lpl icated in this section.

3Adjustlllent values apply to flow coofined in the channel and do not awly where downvalley flew crosse
meanders. The adjustment ;s a I1iJlt;pl ieI'.

For floodflows in sand channels with moveable beds, roughnes
mainly is a function of the size of the bed material as shown in th
following table (Benson and Dalrymple, 1967, p. 22).

Median grain size,
in mill imeters

0.2
.3
.4
.5

Manning's n

0.012
.017
.020
.022

Page 7
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1.0

Manning's n
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1.10 N-Value Justification Process
This document provides example analysis for 4 cross section locations for n-value
verification/justification purposes. The 4 sections were chosen because they represented
typical planting schemes and hydraulic conditions (e.g. limited versus extra conveyance) for
surrounding cross sections. The cross sections chosen for analysis were:

• 358.25

• 388.50

• 424.17

• 441.6

Calculations verifying n-values used and cross section schematics are included as Appendix B
ofthis document. In general the basic n-value assumptions used at the 60% stage hydraulic
analysis were validated. However, there are some locations in the 1% slope down to the low
flow channel (in the channel invert) that may be require removal some cottonwoods. Their
inclusion may raise the n value higher than the permissible design n- value (generally 0.035).
The determination of a final plant design and balancing with the hydraulics of the project - e.g.
permissible roughness - is a subjective and often times iterative process and may be subject to
some change based on FCDMC recommendations.

"Existing" n-values are based on the Wood-Patel model and indicate values that are abnormally
low for the existing conditions at some locations. Where the existing n-values exceed the
proposed values, the existing vegetation will be thinned out and/or replaced to match the
proposed n-value.

Calculations and schematics showing this analysis are contained in Appendix B.

2 N- VALUE SENSITIVITY ANALYSIS
An HEC-RAS analysis was performed to determine the sensitivity of the flow depths to
variations in n value. The proposed geometry (60% to 90%) was used as the basis for the
HEC-RAS cross sections. N was varied only in the main channel. The left and right overbanks
were left at 0.045. The main channel n value was varied between 0.030 (the original study
values) and 0.055.

The analysis was run to answer 2 fundamental questions relating to this project.

1. For a given n-value increase, what is the relative rise in flow depth?

2. What is the difference between the design n-value and the maximum? What growth
margin is there?

(More discussion on results will be included fro the final version ofthis memorandum)
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Preliminary hydraulic runs are included on the CD and in Appendix C.

------
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Appendix A: Excerpts from FCDMC N-Value Manual (1991)
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and, for convenience in the absence of a more suitable method, the
coefficient is assumed to be unity (Chow, 1959). A detailed study of the
velocity-head coefficient, alpha, in natural channels showed a significant
correlation between alpha and channel roughness for channels without
overbank flow. Variation in the horizontal distribution of velocity had a
greater effect on the value of alpha than variation in the vertical.
Computed values of alpha at 894 sites in a variety of settings ranged from
1.03 to 4.70, and the median value for trapezoidal channels was 1.40
(Hulsing and others, 1966). In the computation of water-surface profiles
in open channels, the value of alpha is assumed to be 1.0 if the section is
not subdivided (Davidian, 1984). In subdivided channel cross sections, the
value of alpha is computed as

-i
(6)

;

""

•

•
<

.I
J
..

•
,

where

k. • conveyance of individual subsections,
1

a. = area of individual subsections,
1

KT z conveyance of entire cross section, and

AT • area of entire cross section.

Channel n Va'lues

The Manning roughness coefficient, n, is a measure of the flow
resistance or relative roughness of a channel or overflow area. The flow
resistance is affected by many factors including bed material, cross
section irregularities, depth of flow, vegetation, channel alignment,
channel shape, obstructions, suspended material, and bedload. In general,
all factors that cause turbulence and retard flow tend to increase the
roughness coefficient (Jarrett, 1984). Channel roughness also is directly
related to channel slope (Riggs, 1976; Jarrett, 1984). The relation of
roughness to slope results partly from the interrelation between channel
slope and bed-material particle size. For $imilar bed material, however,
channels with low gradients have lower roughness coefficients than channels
with high gradients (Jarrett, 1984). The direct relation between channel
roughness and channel slope is not evident in low-gradient channels where
high roughness coefficients result from vegetation. Roughness coefficients
as great as 0.20 have been verified for channels with low gradients and
dense vegetation (Arcement and Schneider, 1984). For vegetation that will
bend under the force of flowing water, the relation between roughness and
gradient can be inversely related. Steep slopes cause greater velocities
that bend and flatten vegetation if depths of flow are sufficient,
resulting in lower n values. Because of the relation between channel slope
and size of bed material, the effect of slope on n values is considered in
the selection of base n values.
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A common method of selecting the roughness coefficient, n, is to
first select a base value of n for the bed material (table 1). The base
values of n are for a straight uniform channel of a given bed material.
Cross-section irregularities, channel alignment, obstructions, vegetation,
and other factors that increase roughness are accounted for by adding
increment~ of roughness to the base value of n. Ranges of adjustments for
the factors that may add to channel roughness are shown in table 2.

Many alluvial channels in Maricopa County have bed material that
moves during floodflow. In addition to the changing channel geometry of
these channels, the roughness coefficient may change during floodflow
because of the changing form of the channel bed in parts of the channel
cross section (Davidian, 1984). Bedforms, such as dunes, antidunes, and
plane bed have been observed during large floods. Within a few minutes,
dunes can appear, disappear, and reappear at different locations across a
large stream channel. The Manning roughness coefficient can double or
triple when the bedform changes from plane to dunes. A method of defining
reliable values of Manning's n for unstable alluvial channels is not avail
able. A plane bedform is common during large floods, and for this report,
plane-bed conditions are assumed where the roughness coefficient is related
to the size of the"channel material and not the form of the channel bed.
Plane-bed conditions were assumed for nearly all indirect measurements of
peak discharge where the slope-area method was used.

Table 1.--8ase values of Hanning's n for stable channels

[Modified from Aldridge and Garrett, 1973, table 1]

Channel material

Concrete .
Rock cut .
Firm so i1 .
Coarse sand .
Fine gravel .
Grave1 .
Coarse gravel .
Cobble .
Boulder .

lStraight uniform channel.
2Smoothest channel attainable in indicated material.
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Table 2.--Adjustment factors for the determination of overall
Hanning's n values

[Modified from Chow, 1959]

.\

J

J.

Chame l candit iorB

D~ree of irregularity:

Smooth

Minor

Moderate

Severe

Negligible

Minor

Appreciable

Severe

Vegetation:

Small

Mediun

large

Naming's n
adjustment 1

0.000

•001- .005

. 006- .010

.011- .020

.000- .004

.005- .015

r~

.020~ .030

.040- .060

.002- .010

.010- .025

.025- .050

EXlnple

SMoothest channel attainable in given bed ..terial.

et\rnell with sLightLy .roded or scourad side sLopes •

- QlrneLs with .:lderately ILOUIlhed or eroded side Ilopes •

dlrnels with bedly Il~ed banks; unshaped, jagged, and
irregular surfeces of chmels in rock •

A few scattered obstructi~, toflich include debris deposits,
stumpl, exposed roots, logs, piers, or isolated boulders,
that occLVf less than 5 percent of the croas-sectional area.

-----~

Obstructions OCcLVf--~ to 1_5\ percent of the cross-sectional
area and the specir~ betiilHri'-Obstructiona is such that the
sph.r. of influence arCU'd one ob8truction does not extend
to the sphere of influence around another obstruction.
Smaller adjustments are us.d for curved amooth-surfeced
objects then are used for sharp-edged angular objects.

Obstructions occupy frOll 15 to 50 percent of the cross
sectional arM or the spece between obstructions is slUll
enough to cause the effects of sewrsl obstructiorB to be
additive, thereby blocking an equivalent part of a cross
section.

Obstructiona occupy .ore than 50 percent of the cross
uctional area or the spece between obIItructiona is .... ll
enough to cause turbul enee .crOlla IlW:)st of the crOlls sect ion.

Dense growths of flexible turf gr..s, such as BeraJdl, or
weeds toflere the average depth of flow il at least two tiMes
the heirjlt of the vegetation: s~le tree seedlings such II
willow, cottonwood, arrow w••d, or saltcedar where the
average depth of flow is at l ..st three ti..- the heirjlt of
the vegetation.

Grass or weeds where the awrage depth of flow is frClll one
to two t illleS the hei ght of the vevetat ion: IllOderatel y dense
steflll1lY grall, weeds, or tr•• seedl ings where the awrll9l
depth of flow is from two to three ti... the height of the
wgetation: Ift:lderately dense bruIh, silltilar to 1- to 2-year
old saltcedar in the do,..."t leeson, alq the benlc:l and no
significant vegetation along the chemel bottOllS where the
hydreul ic radius exceeds 2 feet.

Turf grasl or weeds tofler. the BYerage depth to flow II~
equal to the hei~t of vegetat-ion: s.. Ll trees Intergrown
wi th Salle weeds and brush tofler. the h)"drallic rediUII exceeds
2 feet.

See footnotes at end of table.
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Table 2.--Adjustment factors for the determination of overall
Hanning's n values--Continued

Turf gras. or weedI where the average depth of flow i. lesa
then half the height of vegetation; ••all bushy tree.
i ntergrown with weed. along. ide slopes of dente cattails
growing Ilong chernel bottan; trees intergrown wi th weeds
and brush.

Size and shape of crosl sections change gradually•

large Ind saall crol. lections altemate occasionally, or
the .in flow occaalClNllly shifts frca lide to side owing to
chenges in cross·sectlONl .hape •

large and ~ll cross sections alternate frequently, or the
main flow frequently shifts from side to side owing to
changes in cross-sectiONl shape.

Rat i 0 of the ~eander length to the straight length of the
cherneI reach Is 1.0 to 1.2.

Ratio of the meader length to the straight length of channel
is 1.2 to 1.5.

Ratio of the ~eander length to the straight length of
cherne I is grelter than 1.5.

1.00

1.30

1.15

•000

.001- .005

•010- .015

.050- .100

Alternating

Very large

Alternating

Gradual

Minor

Channe I con:H t i ens

Appr'ec iabl e

for floodflows in sand channels with moveable beds, roughness
mainly is a function of the size of "the bed material as shown in the
following table (Benson and Dalrymple, 1967, p. 22).

Severe

Vegetation--Continued:

Variations in channel
cross section:

Degree of meadering3:

lAdjustments for degree of irregularity, variations in cross section, effect of obstructions, and
vegetation are added to the base n value (table 1) before IIIJltiplying by the adjustment for meander.

2conditions consider~ in other steps IlUSt not be reevaluated or cilpl iClted in this section.

3Adjustment values apply to flow confined in the chernel and do not apply where downvalley flow crosses
meanders. The adjustment is , IIIJltipl ier.

Median grain size,
in mi 11 imeters

0.2
.3
.4
.5

Manning's n

0.012
.017
.020
.022

Median grain size,
in mi 11 imeters

0.6
.8

1.0

Manning's n

.023

.025

.026

•
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The major adjustments to the base value of n used in this report
are for cross-section characteristics. Other adjustments for the reach
characteristics between cross sections that include changes in shape and
size of cross sections and channel meandering are not given. Procedures
for evaluating the adjustment factors for the reach characteristics are
given in several publications including Chow (1959), Aldridge and Garrett
(1973), Jarrett (1985a~ b), and Arcement and Schneider (1989).

SUBDIVISION OF CROSS SECTIONS

Sections with distinct changes in shape were divided into
subsections, and n values were determined separately for each subsection.
Subdivision location primarily was based on major breaks in cross-sectional
geometry. Cross sections were subdivided if main channel depth was more
than twice the depth at the stream edge of the overflow area (fig. 2).
Subdivision also commonly was made where the depth of the overflow at the
stream edge is nearly half the depth of the main channel and the width of
the overflow area is at least five times the depth of the overflow area
(fig. 2). Values of n for overflow areas commonly were estimated from
table 2.

For sections or subsections with a nonuniform distribution of
vegetation, a composite n was computed by using weighted values for
segments having different roughness. Where sections were divided into
segments of equal roughness, dividing lines were selected to parallel the
general flow line and to represent the average contact between segments· of
different roughness. Composite n values were computed by using weighted
values of either area (A) or wetted perimeter (P). Weighting was done by
estimating area or wetted perimeter for each portion of channel and
assigning weighting factors that were proportional to the total area or
wetted perimeter. The general rule for deciding which weighting method to
use is as follows: Use area weighting where vegetation is dense and
occupies a distinct part of the cross section. Use wetted-perimeter
weighting where the roughness factor for each segment is the result of
low-lying boundary material.

Where overflow areas are cultivated fields, n values are for
fields without crops. Values of n for fields.with crops can be based on
the work of Chow (1959). Fields of mature cotton plants are comparable to
dense brush in summer; defoliated cotton to medium to dense brush in winter
(fig. 3). Fields of alfalfa are comparable to field crops with n value
depending on height of the crop and depth of water (table 3). The value of
n generally varies with the stage of submergence of the vegetation. In all
instances, n values associated with cultivated fields will change with
time.
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Subdivide if Dmax is greater than or equal to 2db

Subdivide if Dmax is approximately equatlo 2db
and if Lldb is equal to or greater than 5

L =width of flood plain
db =depth of flow on flood plain, in feet

Dmax =maximum depth of flow in cross seclion,
in feet

Modified from Davidian (1984)

Figure 2.--Subdivision criteria commonly used for streams in Maricopa
County, Arizona.

Table 3.--Values of Hanning's n for flood plains

[Modified from Chow, 1959]

t

I

I

I

Description

Pasture, no brush:
Short grass..... • ••...•••••.••••.••••..••••.•••
High grass •••••••..•••••.•••••.•.•••••••••••••••

Cultivated areas:
No crop••••••••••••...••••••••••••••••••••••••••
Mature row crops .
Mature field crops •.••.••••..••••••.••••.••••.••

Brush:
Scattered brush, heavy weeds ••••••••••••••••••••
Light brush and trees, in winter .
light brush and trees, in summer .•.•••••••••••••
Medium to dense brush, in winter .••••.....•••••.
Medium to dense brush, in summer ••.••••••••••.••

Trees:
Dense willows, summer, straight •••••••••••••••••
Cleared land with tree stumps, no sprouts .•••.••
Same as above, but heavy growth off sprouts ••.••
Heavy stand of timber, a few down trees, little

undergrowth, flood stage below branches •••••.•
Same as above, but with flood stage

reaching branches .

MinilUll

0.025
.030

.020

.025

.030

.035

.035

.040

.045

.070

.110

.030

.050

.080

.100

NOrMl

0.030
.035

.030

.035

.040

.050

.050

.060

.070

.100

.150

.040

.060

.100

.120

MaxillUll

0.035
.050

.040

.045

.050

.070

.060

.080

.110

.160

.200

.050

.080

.120

.160



T
i-- ;

'.
f!

_:'

-.:

.'.'

••

I

I

13

SITE INFORMATION

The following sets of site information consist of a description
of the site, a table showing values of n for sections and subsecti~ns of
the channel.for the IO-year and IOO-year floods, channel cross sections,
and photographs (tables 4-19; figs. 4-35). Photographs of the 16 sites
taken during the spring and summer of 1989 include an overview showing the
location of the cross section; additional photographs show major items that
affect the n value. The frame of the square grid shown in several photo
graphs is 1.5 ft outside dimension on a side with an internal square of
1 ft on a side and grid spacing of 1 in. Cross-section diagrams show
approximate elevations of the IO-year and IOO-year flood levels,
appropriate subdivisions t selected n values t and the approximate location
and height of the vegetation. The approximate flood elevations were
computed from conveyance-slope computations using cross-section geometry
furnished by Flood Control District of Maricopa County.

The photographs were taken from different locations on the
ground and from an aircraft. For most sites, a photograph of typical bed
material is included. The photographs of the channel and flood plain can
be used for comparison of field conditions with photographs of channels and
flood plains where n values have been verified (Arcement and Schneider,
1989; Chow t 1959; Barnes,I964; Aldridge and Garrett t 1973). Several of the
photographs and descriptions refer to the horizontal stationing of the
cross section.

The description of each site includes the location of the
channel cross section, the description of the channel, the basis for
subdivision of the cross section t and the evaluation of the estimated n
value. Changes in channel geometry and type and distribution and density
of vegetation are described. The area or wetted-perimeter basis for
weighting of n for portions of sections and subsections is defined. The
channel cross section and the photographs should be used in conjunction
with the site description to assess how n was defined .

The table shows the components of the roughness coefficient for
the IO-year and IOO-year floods that were estimated for the sections and
subsections. The total n values are the sum of the base value of n for a
straight uniform channel (nb); surface irregularities (nJ); obstruction
(n2); and vegetation (n3)' Dashes indicate that a roughness coefficient of
zero was used. Where portions of sections and subsections were used, the
part of the section or subsection used for the estimate of the composite n
is listed under "Portion of area or wetted perimeter of subsection from
left end." Where portions of sections or subsections were not used, values
for portions and weighted and composite values were not listed. The sum of
the parts for each portion of the section and (or) subsection is equal
to 1. The composite value of n for the sections and subsections is the sum
of the weighted n values for each portion.
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NEW RIVER ABOVE INTERSTATE HIGHWAY 17

Location of cross section: 700 ft upstream from bridge.

Description of channel: Bed material is firm soil with boulders protruding
in the low-flow channel. Edges of low-flow channel are lined with trees t

and the rest of the main channel has scattered brush. The overflow plain
has a medium to dense cover of brush and trees except for a small ditch
and a narrow roadway that are parallel to the main channel.

Subdivision of cross section and evaluation of n: Cross section is
subdivided at left edge of main channel on basis of channel shape.
Composite n value computed for main channel because of distinct
differences in vegetation across section. Weighting of n for portions of
subsections was done on the basis of wetted perimeter.
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NEW RIVER ABOVE INTERSTATE HIGHWAY 17--Continued

.0'8

Wei ghted and
c~site

values

.010

weighted and
c~site

values

•

•..,. .019
.047

J:

II
_l

•

Cagponertts

'b • .030
n, • ---.
"2 • ---
".s • .065
n ".095

C~t,

'b • .030n, •....
"2 ,. .--.
n • .030

'b ,. .030

n1 • .010
"z ,. -.-.
f'] ,. .050

n ••090

'b • .030
n, '" .005

"z • --.
f'] ,. .007

n ••042x

.20

'OO·Year Flood

Portion of
ar.. or wetted
peri.ter of

lU.bIect ian fr~

l.ft erd

SlPect ian A

Portion of
ar.. or wetted
peri.ter of

slPection, frCllll
l,ft end

SlPect ian I

.018

.010

Weighted end
cClqlOsi te
values

=

•

"b = .030

f'] = ....
" = .030

"b = .030
n, ,. .010

"2 ,.
f'] '" .050

" • .090

" '" ....1
"2 '" .-.-

Tabl,e 12.'·C!l!!pC!rl!!1ts and weighted and conposit. v.lues of Maming', n

[Dashes indicat. a roughness coefficient of zero]

'O·Year Flood

x

x

.35

.20

"b'" .030

" ,. •0101

"2
z

.35 x
f']'" . 010

.45 x n '" .050 ,. .022
1.00 .050

Portion of
aree or wetted

perillleter of
subsection frCllll

le f t end C!l!!pC!rl!!1ts

Subsection A

•
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Figure 20.--Cross section of New River above Interstate Highway 17.
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A.

B. Looking downstream and across channel from above left bank.

Figure 21.--New River above Interstate Highway 17.
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c. Looking across channel from right bank. Man
standing on left bank edge of main channel at
cross-section station 9,900 .

D. Looking downstream along right bank. Man is at
cross-section station 10,030 feet.

figure 21.--New River above Interstate Highway 17--Continued .
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E.

.,. ':;.'

looking upstream at low-flow part of main channel.
cross-section station 9,960 feet.

Man is at

•
•
•

Figure 21.--New River above Interstate Highway 17--Continued. II
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New River N-Value Detennination

Appendix B: N- Value Calculations



Subject: N· Value estimation
Designer. K. Duffy
Date 4/112004

~ Channel base material in the inverts is oobbles with some boulders· well rounded - Av size 5-12 inches.
Ovetbank base materials were generally finer finn soil to ooatSe gravel - 0.5 inches to 1 inch.
During the 1oo-year and SPF events it was assumed that the gabien baskets on the side slopes
wiN be exposed. N for the gabions was assumed to be 0.03.

1400

Design N
RS= 35B.25

1
:1114:5001·.······~M~,.,t~I!~~~J•••; ••• ~'••.•••••1.C....

t.. ~,.,:" .. _ ~.. ; ' .• ;. -,_ • ,~
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8
f 1135

1
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iiJ 1130 . :; '.'~:.". . ' ; .

__:._;_ ..L. .. .,, , ~ __.1__ ._ ••• •• _ ~ __•• ...._ •
.. • __ _ • _r" ... •• • __ ..... _

1125 : .. '.' .,.. i'•.:. ".... .

1120 , 0' ";4--"" " , ,
o 200 400 600 BOO 1000 1200

Station (ft)

Legend

WS 100·Y---Ground

Levee
•

Bank Sta

Overbank N Value

Estlnutlon nf n = n +n +n +n +n em
No -Base N value

Channel Materials
Concrete
Rock Cut
Firm Soil
Coarse Sand
Fine Gravel

Sed
Material

Size Benson & Dalntmnle
0.012'.018

.025-.032

.026-.035

Chow

'1959'
0.0"
0.025
0.02

0.024

Used Comments

0.020 Finer surface soils on overbank .5" fo 2-

Effec:t
Smooth-SmootheSt Channel attainable in iven bed material

Gravel
Coarse Gravel
Cobble
Boulder

0.08-2.5

2.5-10.0
>10

.028-.035

.030-.050
.04-.071

N1 • Oearee of ImuJularitv

0.028

Used
NA Overbanks - sides not included· nart of main channel

Minor-Channels with sliohtl eroded or scoured side slooes
Moderate-Channels with moderatel'" slOllnhed or eroded side slorN's
Severe-Channels with badlv sk)Uohed banks' unshaoed. iaooed. and ilT9Qular surlaces of chaMels in rock.

N2· Eff_t'1 of nhcfructinn
Effect

INeolibie -0 to 5% obstruction
Minor-S·15% obstnJction
ADoreciable-15-S0% obstrudlon
Severe->5O% obStruCtion

.001-.005

.006-.010

.011-.020

Ran'"
.000-.004
.005-0.015
0.02-.03
.04-.080

Used
O.~· . some small stumm and concrete debris

·v. Ion

Very Large-D..JO-<=0.5

Ran
0.002-.01

.01-.025

.025-.05

.OS·.10

Used

002 Existing mesquite, Palo Verde and cactus'

N4 • V:uiatlon!t In ChannAI Cro'!l:!II; SAetion

Effoct
Gradual
AltematinolOccasionallv1
Altemaitn 'Freauenllv)

M5· Mean rln
Effect
Minor
AnnrPCiable
Severe

P:I30331EnglProgramsIHEe-RAS\J2\N-Value Evaluation 4-2004lExampie _ N Value calaJlation.xls

Ran.;;- Used
o I, 0

.0001-.005
.010-.015

Ran;;A
1

1.15
1.3

Recommend~ : I--.~~¥::::;;~!--l

Warning L-!!N2!0nC!!el.....J
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Subject: N· Value estimation
Designer. K. Duffy
Date 4/112004

~ Channel base material in the inverts is cobbles with some boulders - well rounded· Av size 5-12 inches.
Overbank base materials wefe generally finer finn sou to coarse grave' - 0.5 inches to 1 inch.
During the 1()()..year and SPF events it was a5SLITled that the gabton baskets on the side slopes
will be exposed, N for the gabions was assumed to be 0,03.

Legend

WS 100-Y-Ground

LeVee
•

Bank Sla

o 200 400 600 800 1000 1200

Slatioo (ft)

Main Channel· Adlacent to Low Flow In =' 0 0351

Note: Trees planted in invert shall be Cottonwood - (SO' high x 30' wide at top of canopy), GoodJng'sWillow (2S'x20') and Sandbar Willow (15'x6')

Estimation of n =lno+n1+n2+n,+n.l*m,
No -Base N value

Channel Materials
Concrete
Rock Cut
Firm SOil
Coarse Sand
Fine Gravel

Bed
Material

Size Benson & Oalrvm Ie
0.012-.018

.025-.032

.025-.035

Chow
1959\
0.011
0.025
0.02

0.024

Used Comments

Effect
Smooth-Smoothest Channel attainable in oiven bed material
Minor-Channels with sliohtlv eroded or scoured side SJoNMo
Moderate-Channels with moderate1 slol.KJhed or eroded side slones
Severe-Channels with badly slouahed banks' unsha 'anned andii1l!Oular surfaces of channels in rock.

N2 • ~fI_ of Oh!lrurll""
Effect

INealible ·0 to 5% obstruction
Minor-5-15% obstruction
Aooreciable-1S·50% obstruction
Severe->50% obstruction

'0.030 Base matrl, in the invert is cobbles and sm. boulders

Gravel
Coarse Gravel
Cobble
Boulder

0.Ge-2.5

2.5-10.0
>10

.028-.035

.03G-.050
.04-.071

Hi • De e of rre u1..r

0.028

RaOfte
o

.001-.005

.005-.010

.011-.020

Ran..
.000-.004

.005-0.015
0.02-.03
.04-.060

Used
NA
NA
NA
NA

Used
0.001

Gabion sides - vent """ular sides

Effect of obstructions are considered less in the
main mannel since the denth of flow is deener.

N1 • Venet~tinn

Effect

Smar~D..JO >=2

Medium-1<DioJO...a<2

Ran"
0.002-.01

.01-.025

.025-.05

.05-.10

Used
0.0q3 New tree planting has low density- Cottonwood & Sandt

Sandbar Willow.

N4 • V rlati n In Cha I Cross Section

Effect
Gradual
AltematinalOccask>nallvl
ARemai'no Freouenllv)

Rar;;:;-e Used
o

.0001-.005 .. 0.001
.010-.015

~.Meancr.;;:rln

Effect
Minor
Aooredable
severe

Ran'"
1

1.15
1.3

Used
'·1

P:I30331EnglProgramsIHEe-RAS\I2IN-Vatue Evaluation 4-2004lEJ<ampie 5ection N Value cak:utatioo.xls
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Subject N· Value estimation
Designer. K. Duffy
Date 4/112004

~ Channel base material in the inverts is cobbles with some boulders ~ well rounded· Av size 5--12 inches.
Overoank base materials were generally finer firm soil to coarse gravel· 0.5 inches to 1 inch.
During the 100-year and SPF events it was assumed that the gabion baskets on the side slopes
will be exposed. N for the gabions was assumed to be 0.03,

Design N
RS = 358.25

I~.:~.-:.-~~:, ::.':_.... -_ :.:~.,~.._g_5.'"I~_2::::~j1t:L::::·~:~ -;;;:;::~ ~I: _
. ~ ,. -;.. ~ .. +- -:- .

'- . : ..,- - ~ ~ ..:. _:

.. ,- . - ~,~ -~ - . ~- . ;. :.

1200

Legend

WS 100-Y---Ground

B~:·-:S-~-J
.... !L.__--J!

1400

Slalion (ft)

Main Chi,,"n.1 .. Low Flow In = 003Q)

Note: low flow shall generally have a clean bottom· e.g. cobbles and small boulders.

Estimation of n -(np+n,+n7+n,+n,)*m,
No -Base N value

Effect
Smooth-Smoothest Channel attainable in oiven bed material
Minor-ehannels with slioht1v eroded or SCX)ured side sloDeS
Moderale-Chan~s with moderatetv stounhed or eroded side slones
Severe--ChannelS with badl sloLJllhed banks' unshaoed 'aDoed andTrTeQular surfaces of channels in rock.

N2 - Ell'''' of Db.tructlnn

Neolible -0 to 5% obstruction
Minor-S.15% obstruction
Annt'Mable--15--SO% obstruction
Severe->5O% obstNction

Used Comments

Effed of obstructions are considefl!d less in the
main channel since the denlh of flow Is dee06.

Gabien sides· veN rl:W1ular sides
Used
NA'
NA

'NA
NA

Used
NA

'NA
·_NA

NA

. 0.030 Base matr1, in the invert is cobbles and sm. boulders

0,024

0.025
0,02

0.028

Chow
/1959
0.011

Rana.

Rann.
0.002-,01

.000-,004
,005-0.Q15
0.02·.03
,04,,060

Raw;e
o

.001·.005
,006-,010
,01'-,020

,028-,035

.025-.032

.026-.035

Benson & Dalrvmnle
0.012·.018

.03(}-,050
,04,,071

N1 .. 0 ree of Irreoularitv

2,5·10.0
>10

0.08-2.5

Bed
Material

Size

Rock Cut
Firm Soil
Coarse Sand
Fine Gravel

Effect

Channel Materials
Concrete

Gravel
Coarse Gravel
Cobble
Boulder

Effect
Small·D..,.ID_>=2

Medium· 1<D......tO-<2 .0'-,025

Large-o-JD-,<:1 ,025-,05 NA .

.05-,10 .NA
N4 .. Variation_ In ChannAI Cros~ SAetion

Effect
Gradual

Rana;
o

Used
NA

AltematjnorOcca.sionallv1
AttematinoFreo.uernM

.0001-,005
,010-.015

NA
NA

MS·Mean
Effect
Minor
AntV'PC'"jable

RaW'.
1

1.15

Used
1

Severe 1,3

Recommend~~~ I-~.~~.~~~~o--l

Warning L2!N~on!!!e,---.J
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Subject: N- Value estimation
De5igner. K. Duffy
Date 4/1/2004

I
1000

Stalion (f1)

115

~ Channel base material in the inverts is cobbles with some boulders· well rounded· Av size 5-12 inches.
Overbank base materials were generally finer firm soif to coarse gravef • 0.5 inches to 1 inch.
During the 100-year and SPF evms it was assumed thatlhe gabion baskets on the side slopes
will be exposed. N for the gabions was assumed to be 0.03.

Design N
RS' 388.5

1155~:;.:~_1~:-:~:::: ~:: _~04~:_:::::;::;::L:;:: -~t~::-::-· '1<04'!'~~lg ~:~S-1 L"IIond

"'~~~': -_ .. ~ '- - ',~' ..;---::. ..~.- -- ,~.-;- .. -;-5-~ ~

g

~

·,::l·············"····,::··~~:
o 200 400 600

Overbank N Valu.

g 1145 ._.l---;...._;.._-~--;...-_.:-_.-:---:.

EdlrNltlon nf n - " +n.+n +n.+n *m
N • aseNv lu.

Bed
Mat,rlal Chow

Channel Materials Size Benson & DalrvmDle (1959 Used Comments
Concrete -.~.. 0.012-.018 0.011
Rock Cut -_... ... 0.025
Firm Soil .025-.032 0.02 0.020 Finer surface soils on overbank .5" to 2"
Coanie Sand .026-.035
FineGriJV~

__ 00 .._-- 0.024
Gravel 0.08-2.5 .028-.035
Coanie Gravel .. ... 0.028
Cobble 2.5-10.0 .030-.050 --
Boulder >10 .04-.071

Nl· of Irreaularity

Effect ~no. Used
Smooth-Smoothest Channel attainable in i"en bed material 0 NA
Minor-Channels with sliahtlv eroded or scoured side sloDes .001-.005 NA
Maderat.channels with moderatelv slooohed or eroded side slooes .006-.010 NA
5evere-Channets with badlY sk>uahed banks- unshaoed. iaaaed and irreautar surfaces of channefs in rock_ .011-.020 _NA'

N2 - Effoct 01 Dbotructinn
Effect ~..... Used
Nealible -0 to 5'1(, obstruction .000-.004 .0.004 Some small stumcs and concrete debris
Minor-5-15% obstruction .005-0.015
ADDreclable-15-50% obstruction 0.02-.03
Severe->5O% obstruction .04-.060

N:l.V•• I n
Effect ~n'" Used
Small-o..JD. >=2 0.002-.01

Medjum~1<D~<2 .01-.025 0.02 Existing Mesquite. Palo Verde and cactus'

Large-Db/DWQ<:1 .025-.05

V&yLIDV~~<=05 .05-.10
N4 • Variations in Channel Cross Section

Effect Rang. Used
Gradual 0
Altematina(OcC3slonaIM .0001-.005 0.001
Altemaitno FrMuentlv\ .010-.015

M5 • Meanderlna
Effect ~n.. Used
Minor 1 1
AOO<eCiabie 1.15
Severe 1.3

Rerommend~ ~f-,.-:~",:~~5---i

Waming ,---,N.:.:o",n,,-e~

P:I30331EnglProgramsIHECoRAS\J2\N-Value Evaluation 4-2004\Example Sedion N Value CalClJ1alion.xls tot.



Subjed: N· Value estimation
Designer. K. Duffy
Date 41112~

WSSPF

Channel base ma1eria! in the inverts is wbb!es with some bouklers - well rounded - Av size 5-12 inches.
Overbank base matetiats were generally finer firm soil to coarse gravel· 0.5 inches to 1 inch.
During the 100..year and SPF events it was assumed that the gabion baskets on the side slopes
will be exposed. N for the gabions was assumed to be 0.03.

Design N
RS' 388.•

.,.... 1'10---045 ... 1' ... u~5~~0J>j1iIQJ:-~,5-·1
.: ..~ .__; ~ .. : ...: .~__.__ ~..;. _.; __ ~~;_.,,~.. . __~_. :4 .. ). L,,'nd

~"":' ;.•. :__ : " __.' ......~. '-;--'j. ~5·.?

1155

o

~
iii

Main Channel· Main Chann.! 1-1. s!opt to Low Flow In = 0.035)

Note: Trees planted in invert shall be Cottonwood· (50' high x 30' wide at top of canopy), Gooding'sWlIlow (25'x20') and Sandbar Willow (1S'x6')

Estimation of n =(n.+n,+n,+n,+n.'·m,

No ·Base N value
Bed

Material Chow
Channel Materials Size Benson & Oalrvmnle 1959\ Used Comments
Conaete 0.012-.018 0.011
Rod< Cut 0.025 .

Firm Soil .025-.032 0.02
Coatse Sand .026-.035
fine Grav~ 0.024
Gravel 0.08-2.5 .028-.035
Coarse Gravel ... _. 0.028
Cobble 2.5-10.0 .030-.050 ----- 0.030 Base matrt. in the invert Is ccbbles and sm. bouk1ers
Boulder >10 .04-,071

N1 • rlecr.. of Irrenularitv

Effect Ranol Used
Smoo1h-Smoothest Channel attainable in niven bed material 0 0.00.1
Minor-Channels with s1tohtlv eroded or scoured side sloMS. .001-.005
Moderate-Channels with moderatelv slollnhed or eroded side 510nPs .006-.010
Severe-ChaMels wtth badlv SH3Ul'Jhed banks' unshaoed. ia:lOed and IrrF!Oular surfaces of channels in rock. .011-.020

"2 ·~.......f betri1rtlon

Effoct Ran- Used
N80lible ..0 to 5% obStruction .()()()..~ 0;001 Effect of obstructions are amsidered less in the
Minor·s-.15% obstrucUon .005-0.015 main channel since the de~h of flow is deeOfl'r.
Annreciable-15-5O% obstruction 0.02-.03
Severe->50% obs1I'\Jction .04-.000

N3·V Ita i

Effect Ranfte Used
Small·O.,JD_>=2 0.002-.01 0.002 No lrees - smau shrubbery assumed to fold over

Medium·1 <Dl'oo!O.-<2 .01-.025 during larye event

Large-O..JD..,,<= 1 .025-.05

Very Latge-D".JD_<=O.' .05-.10
N4 • V2llriatlons in hannAI :rnss Sel':tlnn

Effect Rano, Used
Gradual 0
Altema1inntOccasionallv) .0001-.005 0.001
Altemaitno Freouemlv) .01O·.Q15

M5 • Meand""rinn

Effect Rana; Used
Minor 1 .... 1·
Aooreciable 1.15
Severe 1.3

_merced N=§l§.035
Used 2: - 0.035

Warning None

P:I3033\EngIProgramslHEc;.RA5'J2IN-Value Evaluation 4-2004lEJlampie 5ec1ion N Value CalaJlation.xls 2 of 4



Subject: N- Value estimation
Cesigner: K. Cuffy
Cate 4/1/2004

Ground
~

Jne'.
BiI'IkStii

WSSPF

WS 100-Y

1()00800
,

400

.. \.. :--- .... -

Channel base material in the inverts is oobbles with some bouldetS - well rounded - Av size 5-12 inches.
Overbank base materiats were generally flOer firm soil to ooarse grav~ - 0.5 inches 10 1 inch.
During the 1()().year and SPF everts it was assumed that the gabion baskets on the side sJopes
wilt be exposed. N for the gabions was assumed to be 0.03.

Design N
RS,388.5

1155 _,.J_., - .045 , ,_ ~' ~~~~ro>\OI~J:-0451
._ +._ ..~ __ ~ _._.;- __~--.-. _.:__.,. __:__ ,~__,~. _.__ ..; .. _..;_ ...~_ ..~ -_~ _.. :"--~--+-.--:4 _~3 Lilliei'd

--- - -;.-.__ - - ,- .. i ,-- ,. -, - - ,5 .;5.

g 1145 -- ~~. -~--;..--;...--~ _..;-- -:.. - ..;---:-

:;

~
w

115

M.aln Channel· Main Channel Adjacent to low Flow 10 low flow In • 0.(45)

Note: Trees planted in invert shall be eottonv.ood· (50' high x 30' wide at top or canopy), Gooding'sWiliow (25'x20') and Sandbar Willow (15'x6')

Estimation'~ n = n +n +n +n +n jIom

No -Base N value
Bed

Material Chow

Channel Materials Size Benson & Dalrvmole 11959\ Used Comments

Concrele ----- 0.012-.018 0.011
Rock Cut -_. .---- 0.025
Firm Soli _. .025-.032 0.02
Coa~e Sand .026-.035
Fine Gravel - 0.024 ,.

Gravel 0.06-2.5 .026-.035
Coarse Gravel -- ---- 0.028
Cobble 2.5-10.0 .030-.050 - _. '0.030 Base matn. in the invert is cobbles ancJ sm. boulders
Boulder >10 .04-.071

Ni • IlAlI'lInte of INlJiloulilrltv

Effect Ran"" Used
Smooth-Smoothest Channel attainable in nlven bed material 0 NA Ovefbanks - sk:les not included - nart of main channel
Minor-Channels with sliahttv eroded or scoured side sk)oes .001-.005 .NA
Moderate-Channels with moderatelv slooohed or eroded side slonPs .006-.010 NA
Seve~Channels with badlv slounhed banks' unshaoed. iar:med and irrMular surfaces or channels In rock. .011-.020 NA

N2 • s:;t'faM of nhttrurfjn'n

Effect Rann_ Used
N~lible -0 to 5% obstruction .000-.004 0.001 - Effect of obstructtons are considered less in the
Minor-5-15% obstrudm .005-0.015 main channel since the denth of flow is deeMr.
Annreciable-15-5O% obstruction 0.02-.03
Severe->50% ObStruction .04-.060

N3. Ve 'on
Effect Rantl_ Used

SmaII-C.,.IO-?=2 0.002-.01

Medium·1<~<2 .01-.025 <!.01~ Low density of Cottonwoods. G_ing and Sandbar

Large-DnoJD-.<::l .025-.05 Willows

Very Large-D,."JO....,<=O.5 .05-.10
N4 • V.20rlatlons In Chanrull Croc" !C:ieetinn

Effect Ran'" Used
Gradual 0 0
AltematinnlOccastonallv\ .0001-.005 I· .
Altematino Frenuentlvl .010-.015

M5 • Meandarinn

Effect Ran... Used
Minor 1 ·1

AnnrPrlabie 1.15
severe 1.3

Recommend~ ~ 1--0~0:~~~;;""'-l

Warning ,--_N"-o"",,,'e,---,

P:\3033\EnglProgramsIHEC-RAS\J2\N-VaJue Evaluation 4-2004lExampie Section N Value CalaJIalion.xls 30t.



Subject: N- Value estimation
Designer: K. Duffy
Oale 4/112004

.
BalkSI;

WS 100-y

Channe( base materiat in the inverts ts c::ob.btes with some boukSers· weH rounded· Av size 5-12 inches.
Overbank base materials were generally finer finn soil to coarse gravel - 0.5 Inches to 1 inch.
During the 100..year and SPF events It was assumed that the gabion baskets on the side slopes
will be exposed. N for the gabions was assumed to be 0..03.

Design N
RS· 388.5

1155 . I·... .045---.-.. +-'I~-- 035~04'!:03'616r 04S1
.-f.-.C----~--; -····--:·-c·-.- ; -: .. ; ... - ...: ... ;--i4-'3 . LOlIond
~_l. ~-_ .. : --;-~~:-- -;-_.:•.• _~- : .. - .,.-: • t-··~ - .. 5-?5 "WSSPF

.' .'
;~- ....... _.... _._~.- ..:..._---_._~ -'-

~ 1141--:--;'--'------{'-;-' .:. -,---'-: -:-'~+:=:+~=:::....===~:;J

~
ill

Main Channel • Low FlOW to :;II: 0.030)

Note: low now shall generally have a clean bottom· e.g. cobbles and small bouJders.

Estimation of n =fn,,+n,+n7+n,+n.tm,
No ·8ase N value

effect
Smootfl-Smoothest Channel attainable in iven bed material
Minor-Channels 'Nith sJiohtlv eroded or sooured side slooes
Moderate-Chanoels with moderatetv SlOll1'Jhed or eroded side s1o~
Severe-Channels with badl slouahed banks' unshaoed, 'aaoed and Irreaular surfaces of channels in rock.

N2 • Effll!ct 0 bstrllf'tion

Used Commenls

0.030 Base matl1. in the invert is cobbles and sm. boulders

Channel Materials
Concrete
Rock Cut
finn Soil
Coarse Sand
Fine Gravel
Gravel
Coarse Gravel
Cobble
Boulder

Bed
Material

Size

0.06-2.5

2.5-10.0
>10

Benson & Dalrvmnle
0.012-.018

.025-.032

.026-.035

.026-.035

.030-.050
.04'.071

N1 • Daaree of Irreoul ritv

Chow
11959
0.011
0.025
0.02

0.024

0.028

Rona.
o

.001-.005

.006-.010

.011-.020

Used
N... ·
'NA
NA
N...

Gabion sides - yeN n:anular sides

Ellect
N~ljble -0 to 5% obstruction
Miror-5-15% obstruction
Annl"ecIable-15-50% obstruction
Severe->50%1 obstruction

.000-.004
.005-0.015
0.02-.03
.04-.060

Used
Effect of obstructions are cxmsidered less in the
main channel since the d or flow is d@eoer.

-~3 • Ve tatio

Ran"_
0.002-.01

Used
.NA.

Medium-1<OblO...<2 .01-.025

large-Db!D <:=1 .025-.05

.05-.10
N4 • V..rlation~ in Ch nnel :ross SAetlon

Effect
Gradual
AllematinafOccasionallvl

Altemaitna Freauentlvl

Ranoe
a

.0001-.005
.01(1..015

Used
N...
N...
NA

MS & Me ndefl"
Effect
Minor
Annreciable
Severe

Ran;;.
1

1.15
1.3

Used
'1

Recommended N =§13'O3O
Used = . 0.030

Warning None

P:130331EngIP"'Il",msIHEe-AASU2IN-Value Ev"'....ion 4-2004IExampie 5edion N Value CaicuIation.xls 4014



Subject: N- Value estimation
Designer. K. Duffy
Date 4/112004

~ Channel base material in the inverts is cobbtes with some boulders - well rounded - Av size 5-12 inches.
Ovefbank base materials were generally finer finn soil to ooarse gravel- 0.5 inches to 1 inch.
During the 100-year and SPF events it was assumed that the gabion baskets on the side sJopes
will be exposed. N for the gabJons was assumed to be 0.03.

GtOund
--"T-

l .

8 ~Sta
.:- . ~ - .~-....:.

,.....,.....
• _,. c-

·:--of

Ce·VnN
RS'"' 424.11 WI' needed br easl b~k (along parlt entrance road)

......._~5.~~03_5~~~+~+045.b!J35 .. 'I'. ~5~ .
.. J. _;: ...:~.~~~==:~:~::~._~--_.~_..:_-~.-. --··-·--·L.~·~-."·- I

WSSPF

I=stima linn of n • n +n +n +"-+n *m

No -8a N valu

Channel Malerials
Concrete
Rock Cut
Firm Soil

Bed
Material

Size Benson & Oalrymnle
0.012-.018

.025-.032

Chow
(1959
0.011
0025
0.02

Used Comments

0.020 Finer surface soils on overbank .S" to 2"
Coarse Sand
Fine Gravel
Gravel
Coarse Gravel
Cobble
Boulder

0.08-2.5

2.5-10.0
>10

.026-.035
0.024

.028-035
0.028

.030-.050
.04-.071

N1 • Oe[Jrll'!e of IrrRoularitv

Effect
Smooth·Smoothest Channel artainable in niven bed malerial
Minor·Channels with slichtl emded or scoured side slooes
Moderate-Channels wilh moderatelv slnllnhed or eroded side sk)nPs
Severe-Channels with badly sJouohed banks; unshaoed, i::kHled and jfTP.Cular surfaces of ctlannels in rock:.

N2 • Eff-rl of Obstruction

Ranae
o

.001-.005

.006-.010

.011-.020

Used
NA
~A

NA
NA

Effect
Neolible -0 to 5% obstruction

R.1n~

.000-.004
Used
0.004 some small stumns and concrete debris

Minor~5-15%obstNction
Annreciable-15-50% obstruction
Severe->50% obstruction

.005-0.015
0.02-.03
.04-.060

N'·V In
Effect Used
Smal~o....tD->=2 0.002-.01

Medium·1<DtoJD_<2 .01-.025 () 02 Existing mesquite. Pak) Verde and cactus'

Large-Dn-'D...,<=1 .025-.05

Very Large-O"';O_<=0.5 .05-.10
N4 - Varlatlon!lli In Channlll Crnss !'i_dlon

Effect
Gradual
AttematirYI(Occasionallv)
Afiema~na Freouentlvl

M5 - Meanderlna

Effect
Minor
Annreciable
Severe

RanDe Used
0

.0001-.005 0001
.010-.015

Rana. Used
1 .,

1.15
1.3

Reoommended N = 0.045
Used = 0.045

Warning None

p:\3033\Eng'J>rogram.~EC-RAS\l2\N-VaJueEvaluation 4-2004\Exampie Section N Value calCUlation.xls 1014



Subject N· Value estimation
Designer. K. Duffy
Date 41'12004

~ Channel base material in the inverts is cobbles with some boulders· well rounded· Av size 5-12 inches.
Overbank base materials were generally finer firm soil to coarse gravel ~ 0.5 inches to 1 inch.
During the 1OD-year and SF'F events it was assumed that the gabion baskets on the side slopes
will be exposed. N for the gabions was assumed to be 0.03.

DesignN
RS:II: 424.17 wal needed br eastba"lk (along park entrance road)

04~c_, __,~I:_~~5;~t~5±_03j~5+'~'~035~~5~' __ O ~L~_~
.'••..' .... l.'

WSSPF

WS 100-YGround

levee.
B.-akSta

114

Main Channel· Main Channel 1'" 51001 to low Flow In = 0 035)

Note: Trees planted in invert shall be Cottonwood - (50' high x 3D' wide at top of canopy), Gooding'sWillow (25'x20') and Sandbar Willow (15'x6')

Estimation of n -(nQ+n,+n,+n,+n,)*m,

No ·Base N value

Effect
Smooth-Smoothest Channel anainable in niven bed material
Minor-Channels with sli htlv eroded or scoured side stooes
Moderate-Channels with moderatelv slollfthed or eroded side siones

Channel Materials
Concrete
Rod< Cut
Firm Soil
Coarse Sand
Fine Gravet
Gravel
Coarse Gravel
Cobble
Boulder

Bed
Material

Size

0.08-2.5

2.5-'0.0
>10

Benson & Oalrvmcle
0.0'2-.0'8

.025-.032

.028-.035

.028-.035

.030-.050
.04--.011

N1 • Deoree of Irreoularitv

Chow
(19591
0.01'
0.025
0.02

0.024

0.028

RanDe
o

.00'-.005

.008-.0'0

Used Comments

0.030 Base matrl. in the invert is cobbles and sm. boulders

Used
'0.001

Severe-Channels with badl SIOUllhed banks' unshaDed. iaolled and irrMular surfaces of channels in rock.
N2 • Fffarll"llf bet"'-li-tion

Effect
Neclible -0 to 5% obStruction
Minor-5-15% obstruction
AnnreciabJ~15-50% obstruction
Severe-:>5O% obstrudion

.0"-.020

Ran
.000-.004

.005-0.015
0.02-.03
.04-.060

Used
a.DOl Effect of obstnJdions are considered less in the

. maln channet since the~h of flow is deeoer.

3-Ve eta i
Effect
SmalHl...!D-,>=2

Medium·1<DtnJD...,<2

N4 • VariationJl: In hanMiI ~rnss ~At"tion

Effect
Gradual
AttematinnlOccasionallvl
AhemMno fF"",ue.-/lv)

M5 • Meand_rinft

EIIoc1
Minor
Aooreciable
Severe

Rana.
0.002-.01

.0'-.025

.025-.05

.05-.10

Ranne
o

.0001-.005
.010-.015

Ranfte
1

1.15

'.3

Used

o.~

Used

0.001

Used
1

No trees - small shrubbery assumed lo fold over

during large event

P:I3033\EnglProgramsIHEC-RASU2IN-Value Evaluation 4-2004lExampie Section N Value GalaJ1ation.xlS
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Subject: N- Value estimation
Designer. K. Duffy
Date 41112004

~ ChanneJ base material in the inverts is col::JbJes with some bouk:lers· wefll'Ounded· Av size ~12 inches.
Overt>ank base materials were generally finer firm 5OilIO C031S8 gravet - 0.5 inches 10 1 inch.
During the 100-year and SPF events it was assumed that the gabion baskets on the side sklpes
will be exposed. N for the gabions was 35sumed to be 0.03.

114

Design N
RS" 42".17 wal needed tlr lut bank (along park en"OII1ce road)

... 045~:03S,-:+~5± :o;.t()45_b035~~5:-:::1
lag....

WS SPF

W5100-Y

~

L.......
Ba'lkSla

Main Channel· Milo Chann,1 Adjacent to Low Flow to Low Flow (0 .: 0 045)

Note: Trees planted in invert shall be Cottonwood - (SO' high X 3D' wide at top of canopy), Gooding'sWiliow (25'x20') and Sandbar Willow (15'x6')

Estimation of n -Ino+n.+n,+n,+n,)*m"
No ·Base N value

Channel Materials
Concrete
Rock Cut
Firm Soil
Coarse Sand
Fine Gravel
Gravel
Coarse Gravel
Cobble

Bed
Material

Size

0.06-2.5

2.5-10.0

Benson & Oahvmole
0.012-.018

.025-.032

.026-.035

.028-.035

.030-.050

Chow
(19591
0.011
0.025
0.02

0.024

0.028

Used Comments

0.030 Base mato. in the invert is cobbles and sm. bOulders

Smoot~Smoothest Channel anainable in iven bed material

Boukfet

Effect

>10 .04-.071
N1 • O",aree of Irro uliilri

Ranae Used
NA Overbanks - skies not induded - nart of main channel

Minor-Channels with sli htlv eroded or scoured side slones
Moderate-Channels with moderatelv slouahed or eroded side slooes
Severe-Channels with badl slouahed banks' unshar'led 'a(med and in-Mular surfaces of channels in rock.

2· 10 Ion
Effect
Neolible -0 to 5% obslruclion
Mioor-5-15% obstruction

Severe->50% obstruction
NJ • V.aelallan

Effect
Small-o..Jt >=2

.001-.005

.006-.010

.011-.020

.005-0.015
0.02-.03
.04-.060

RanD'
0.002-.01

NA
NA

0.001

... ; .

Used

Effect of obstructions are considered less in the
main channel since the death of flow is deeoer.

Mediu~1<0a0JD <2

Large-O..JC <;1

Very Large-o..Jt <=0.5
N4 • V rl tlon In hann I ross I n

Effect
Gradual
Attematina(~nallv)

AttematiM ,Freauentlvl

.01-.025

.025-.05

.05-.10

Ranne

.0001-.005
.010-.015

0.012 law density of CodonwoodS, GOOding and Sandbar

Willows

Used

Effect
Minor
Aooreciable
Severe

Ranotl Used
1 I· '1-

1.15
1.3

Rerommend~ ~"""'~~~:~~~--l
Warning l-..:N"o",n".e---,

P:1J033IEnglProgramsIHEe-RAS\J2\N-Value Evaluation 4-2004lExample 5ection N Value Calculation.x15



Subject No Value estimation
Designer. K. Duffy
Date 4/112004

Legend

Ground

L......
BankSla

J.,.',.J- .,,, '... " ~ '.. ~ .-.. -
....;.,.,'.

..

114

g
c
o

~
W

114

~ Channel base material In the inverts is cobbles with some boulders - well rounded - Av size 5-12 inches.
Overbank base materials were generally finer firm soil to ooarse gravel - 0.5 inches to 1 inch.
During lhe l00-year and SPF evenl$ ~ was assumed Ihalthe gabloo baskets on the side slopes
wilJ be exposed. N fO( the gabions was assumed to be 0.03.

Design N
RS'" ~4.17 .,al needed br east bMk (along park entrance road)

045.=--±~35.-j·~~t,0,3+~5b~5~Qol5~

Main Channel· Low Flow to = 0 030)

Note: Low flow shall generally have a dean bottom - e.g. cobbles and small boulders.

Estimation of n =fnO+n,+n,+n,+n,)-m,

No ·Base N valull

Channel Materials

S.d
Materi~1

Size Benson & DalrvmDle
Chow
/1959\ Used Comments

Concrete
Rock Cut
Firm Soil
Coarse Sand

0.012-.018

.025-.032

.026-.035

0011
0.025
0.02

Fine Gravet
Gravel
Coarse Gravel
Cobble
Boulder

0.08-2.5

2.5-10.0
>10

.028-.035

.030-.050
.04-.071

N1 • Denr_nf Irrenularltv

0.024

0028
o 030 Base matM. in the inven is cobbles and sm. boukJers

Effect
Smooth-Smoothest Channel attainable in iven bed material
Minor·Channels with slinhtl eroded or scoured side stooes
Moderate-Channels with moderatelv slouched or eroded side s100es
Sever&Channels with badl slouched banks' unshaned i::vlned and irrPnular surfaces of channels in rock,

N2-Efl fOb r
Effect
Nealibfe ·0 to 5% obstnJdton
Minor-5-15% obstruction

IADoreci__ I5-5O% obstruction

Severe->5Q% obslrudion

Ranne
o

.OOt-.005

.006-.010

.011-.020

Ra-=.
.000-.004
.005-0.015
0.02-.03
.04-.060

Used
NA
NA
NA
NA

Used
NA
NA....... ~
NA'

Gabion sides - veN flHlular sides

Effect of obstructions are oonsKiered less in the
main channe4 since the denth of flow 15 deeoer.

NJ - V.netatlon
Effect
Small·DnoJD >=2

Meclium-1<Dnc.JD <2

Larg..D.,JO <=1

Very Larg..o-to. <=0.5
N4· nation- in -r.-hannel-r-:--;;:,cc Section

Effect
Gradual
Attematino(Occasiooal
Altemaitna FrMuen1lvl

M5 • Meanderinn

Effect
Minor
Aooreciable
Sovere

Ran.. Ueed
0.002-.01 NA

.01-.Q25 NA

.025-.05 NA

.05-.10 NA

Ran- Used
0 NA

.0001-.005 -NO

.Q10-.Q15 NA

Ran n , Used
1 1

1.15
1.3

Rea>mmend:':: ~I-~~:~:'~OL.""

Waming'L....!!N20n~e'-...J

P:\3033\Eng\Programs\HEe-RAS\J2\N.V~ue Evaluation 4-2Q04\Exampie Section N Value cakulanon.xls



Subject: N· Value estimation
Designer. K. Duffy
Date 4/112004

logond

WSSPF

WS 100-YGround
---4--

~1: :~::::)f~r;,;;~;j~-;;,;;;~fT:T:f-7'-t'f-1:::::,::: ~ Inen
B~:Sta

Channel base material in the inverts is cobbles with some boulders· well rounded - Av size 5-12 inches.
Overbank base materials were generally finer finn soil to a>arse gravet - 0.5 inches to 1 inch.
During the l()1).year and SPF events it was assumed that the gabion baskets on the side slopes
will be exposed. N for the gablons was assumed to be 0.03.

N

1175f- .e ... >•••, --,

o

J.

Estimatlnn of n E'n~+n +n +n +n -rtI.....
No ·Ba'll:. N value

Channel Materials

Bed
Material

Size Benson & Oalrvmole
Chow
119591 Used Comments

Concrete
Rock Cut
Firm Soil
Coarse Sand

0.012-.0'8

025-.032
.026-.035

0.020 Finer surface soils on overbank 5" to 2"

Fine Gravel
Gravel
Coarse Gravel
Cobble
Boulder

008-2.5

2.5-10.0
>'0

.028-.035

.030-.050
.04·.011

N1 • Den,.... of lrren1;laritu

0024

0.028

Effect
Smooth-Smoothest Channel anainable in iven bed material
Minor-Channels with slinhtlv eroded or scoured side sloOP.S.
Moderate-Channels with mooeratelv S1ouohed or eroded side slooes
Severe-Channels with badlv slounhed banks; unshaned. l::anned. and irrPnular surfaces of channels in ruck.

N2 • Eft of Obstruction
Effect
NPOlible ·0 to 5% obStnJdion
Minor-5-15% obstruction

Rann•
o

.001-.005

.006-.010

.011-.020

Raw;t
.000-.004

.005-0.015

Used
NA
NA
NA
NA·

Used
D.DOr some small slum~ and concrete debris

Appreciable-15-50% obstruction
Severe->50'% obstruction

0.02-.03
.04-.060

N • V_betatlnn
Effect
Smal~D..IO->=2

Medium-l<D...ID-<2

Ron
0.002-.01

.01-.025

Used

0.02 Existing mesquite, Palo Verde and cactus'

Large-[)noJD.....<=l .025-.05

Very Large-D.,.ID <=0.5

Effect
GradUlll
AltematinatCccasionallv\

A~ema~no IF'''''uendv\

.05-.10

~nn.

o
.0001-.005
.Q10-.015

U..d

0.001

MS· M-anderlnn
Effect
Minor
ADllreciabie
Severe

Ranne
1

1.15
1.3

Used
1

Rea>mmended N =~~0~.04~5--i

Used =~..!0~.04~5---j
Wamingl-~N:!l0~n!!Ce------l

P;l3033\EnglProgramsIHEC-RAS\J2\N-VaIue Evalualion 4--2004lExample 5ecOOn N Value CaIClJIOIioo.•1s 10f3



Subjed: N- Value estimation
Designer. K. Duffy .
Date 4/112004

~ Channel base material in the in¥erts is cobbles with some boulders - wet! rounded - A¥ size 5-12 inches.
Overt>ank base materials were generally rmer finn soil to coarse graveI- 0.5 inches to 1 hlch.
During the 1OQ-year and SPF e¥ents it was assumed that the gabion baskets on the side slopes
will be exposed. N for the gabions was assumed to be 0.03.

Cesign N
RS·441.B

Main Channel· Main Channe'1Y. SIOD' adjacent to Low Flow In =0 055)

Nole: Trees planted in in¥ert shall be Cottonwood - (50' high x 30' wide at top of canopy), Gooding'sWillow (25'x20') and Sandbar Willow (15'x6')

Estimation of n =/nn+nl+n,+n,+n.l*m..
No -Base N value

Channel Materials
Concrele
Rock CUi
Firm Soil
COarse Sand
Fine Gravel
Gravel
Coarse Gravel
Cobble
Boulder

Bed
Material

Size

0.08-2.5

2.5-10.0
>10

Benson & Oalrvmole
0.012-.018

.025-.032

.028-.035

.02B-.035

.030-.050
.04-.071

N1 • Denree of Irrenlliaritll

Chow
11959)
0.011
0.025
0.02

0.024

O.07.B

Used Comments

0.030·' Base matn. in the invert is cobbles and sm. boulders

Effect
Smoolh-Smoothest Channel attainable in niveo bed material
Minor·Channels with sliohtlv eroded or scoured side stooes

Ranne
o

.001-.005

Used
0.001

Moderate-Channels 'With moderatel slounhed or eroded side slones
Severe-Channels wIth badlv slouched banks' unshaoed. iafmed and irrenular surfaces of channels in rock.

N2 • Elf.'" nl oli....w-.lon
Elftct
NAOlibie ..() to 5% obstruction
Minor-5-1S'" obstrvction
AnnrPoable-15-50% obstruction
Sever~>50% obstrvction

.008-.010

.011-.020

Ronn. UMd
.000-.004 0'.001 Effect of obstnJctions are mnsidered less in the

.()(»().015 . main channel since the denthof now Isd~.
0.02-.03
04-.080

N3·V. eta n
Effect
Small-o.;D-.>=2

Medium-1<DrnJD-,<2

Large-O-ro.-.<=l

N4· Variations In hannA! OSS SActlon

Effect
Gradual
AltematirYIlOCcasionallv1
Altemaitno Freouenttv)

Rona.
0.002-.01

.01-.025

.025-.05

.05-.10

Ranne
o

.0001-.005
.010-.015

Used
0002

Used

0.001

No trees - small stvubbery assumed to fold over

dUfing large event

Elftet
Minor
Anrveciable
Severe

RonDO
1

1.15
1.3

Used
1

P:130331EnglPn>g<amsIHECoRAS\I2IN-Value Evaluation 4-2004lExample 5ection N Value Cak:lJIa1ion.xlS
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Subject N- Value estimation
Designer: K. Duffy
Date 4/112004

WSSPF

.: ... ; ...•;..

.045

Channel base material in the inverts is oobbles with some bouJdets - Mil mln:led - Av size 5-12 inches.
Overbank base materials were generally rmer firm soilla ooarse gravel· 0.5 inches to 1 inch.
During the 100-year and SPF events it was assumed that the gabion baskets on 1he side slopes
will be exposed. N forthe gabions was assumed to be 0.03.

Design N
RS= 441.8

-J.- .--:05~.::~::::L~~~~~:J-04d-.- L"IIond

117

e: 116
0

!
115

114

114
400 500 600,00 200 300 700

Main Channel· Low Flow tn • 0.0351

Note: Low now shall generally have a clean bottom - e.g. cobbles and small boulders.

Estimation of" =/no+n.+n,+n,+n.l*m"
No -Base N value

Channel Materials

Bed
Material

Size Benson & Dalrymple
Chow
(19591 Used Comments

Concrele 0012·.018 0011
Rocl<Cut 0.025
Firm SOil .02$0.032 0.02
Coarse Sand .026-.035
Fine Gravel 0.024
Gravel 0.08·2.5 .028·.035
Coarse Gravel 0.028
Cobble
Boulder

2.5·10.0
>10

.03Q..050
.Q4..071

0.030 Base matn. in lhe invert IS cobbles and sm. Boulders

N1 • Dearee of Irreaularitv

Effect Ranae Used
Smooth-Smoothest Channel attainable in oiven bed material NA Gabion sides' very reaular sides
Minor-Channels with sJiahtlv eroded or scoured side slooes .001-.0OS NA
Moderate-Channels with moderately stoullhed or eroded side slooes .006-.0'0 NA
Severe-ChaMels with badlv slouched banks' unshaoed. iaoaed and irreaular surfaces of channels In rock. .011-.020 NA

N2· Effe<:t 01 Oha",o!lon

Effoc1 Ronao Used
Neolible ·0 to 5% obstruction .000-.004 NA Effect of obstructions are a>nstdered less in the
Minor-5-1S% obstruction
Aooreciab1e-15·5O% obstruction

.005-0.015
0.02-.03

NA
NA

main ctlamel since the denth of flow Is deeper.

Severe->SO% obstruction .04-.060 NA
3·V eta I n

Effec1 RanD' U..d
Small-DioJ'l _>=2 0.002-.01 o.~ Minor stvubs

Medium-l< ~<2 .01-.025

Large-D,..I1 1.,<=1 .025-.05

Very Large- >-10-<=0.5 .05-.10
N4 • Variations In hannel :r055 Section

Effect Ranue Used
Gradual NA
AttematinalOccasionallv) .0001·.005 ·NA
Altemaitna FreauentlVl .01()'.015 NA

M5 • MeanderinG

Effoc1 RonDe U..d
Minor
Aonreciable 1.15
Severe 1.3

Recomme~..:: : 1--~"'::~35E5;--t

W!ilming ,--_N",o",n",e:-.J
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Goodlngs Willow- 25' High by 20' Wide at the top canopy
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Lower Sonoran Mesquite/Palo Verde

Primary Plant TyPe in thl Main Channt!

Cottonwood· 50' High by 30' Wk:le at the top canopy
Gooding. Willow - 25' High by 20' Wide at the top canopy

Sandbar Willow - 15' High by&' Wde ililhe top canopy
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New River Channelization

Keith Duffy

From: Catherine Regester - FCDX [cwr@mail.maricopa.gov]

Sent: Thursday, April 08, 2004 9:22 AM

To: Keith Duffy

Cc: Scott Vogel - FCDX; Jeff Holzmeister

Subject: New River Channelization

Keith,

I have received the roll plots. Thank you for getting those to me so quickly.

Page 1 of 1

Just a few words to help clarify the 'n' value justification ... Yesterday I said that I would like to see a few typical
sections renderings. At this point, i feel that this wouid be the easiest way to show the different 'n' value areas.
However, earlier, we had discussed using photographs to illustrate the various 'n' values. I have no problem with
photographs - provided they are directly correlated to the proposed design, i.e. riparian planting area photograph:
shows mature vegetation, typical of what you will be planting. Then, further discussion of the height, density,
ground cover, etc. Although the selection of the n3 value, for example, is somewhat sUbjective, there is a reason
that different values were chosen for different areas along the river and I would like to have some documentation
in the report for the differences.

One comment I will be making for the 60% review is in regard to the reference for the 'n' value report. The
submitted design report refers to the ADOT Drainage Design Manual. My comment will be that the District's
Estimated Manning's Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County, Arizona
publication should be the reference. If you do not have a copy of this, please let me know and I will get you one.
That publication shows renderings Gust sketches, nothing real elaborate) of different rivers/washes in Maricopa
County and may give you a better idea of what I am looking for in the 'n' value justification. And, if you have an
area which is similar to one of examples in the book, just refer to or include a copy of that sectionlfigure in the
book.

If you have any questions or you need a copy of the District's Estimated Manning's Roughness ... publication,
please let me know.

Thank you,

Cathy

4/14/2004
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~.,Q ~v.-.Il'ql ..~Z; sPF On.!!i 68000.00 1154 00 1170.33 16.13 14.32 4760.94 066 0.G45 0.045 0.045

'30"llndA~ """ ......23 sPF O;lXlO 6IlOOO00 1154.00 116992 1592 14.75 4626.62 069 0030 004. 004'

Gr~AYII"~ ~13 - 0005 6IlOOO00 1154.00 111005 16.05 14.62 4673.38 0." 0.005 0.045 0.045

G~A"'" ~ 1<5323 SPf 0 .... 6800000 1154.00 1170 19 16.19 1441 4725.40 0.67 0Q40 0.045 004.

Gr-~~·Q1w ~.~ ;SFF CJ)-'O 68000 00 1154 00 1170 49 16.49 14.16 -4&4237 055 O.ClSCl 0.045 0.045

G!'ft-PIt!I- Drop "S~73 s,"F 0055 6IlOOO00 1154.00 117010 1609 14.73 ..,,59 0 .. 0.OS5 0.045 0.045
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~~ -45285 sPF 0.'" 6800000 1155.00 116918 14.18 16.30 "71.74 0.79 0.055 0.045 0.045
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Go~~··)w 4~·6,5. f~ 0030 68000.00 115500 t16710 t210 19.29 3524.81 1.00 0.030

Qrerv;t,..~.Qrw

_ aPI'
0035 68000 00 115500 1167.10 12.10 19.29 3524JU 1.00 0.035
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Gr:~.~~-l)rcg 1'2;' I&PF-- 0930, 68000 00 1153.00 1162&3 9.63 25.02 2717.76 '45 0.030

G...-.q;,,'l:Il ,On:m .~.. ~?F 5~ 68000.00 115300 1162.156 9.66 24.93 2721.81 1." 0.035

Gr:~~'(e-'CkoD 152' 5PF 'Q.04O 68000.00 1153.00 116270 9.70 24.1!12 2739.1!I1 1.43 0.040
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GtWld AYe-. Qrgp ,"'23 SPf 0056 68000.00 11«00 1170ae 26." 9.40 7274.11 0.34 0.055 0.045 0.045
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(jr~!f/e;.1;hp 4~t~ .r. L~ 6IlOOO.00 11....00 1170.6lI 2667 026 1392.07 0.34 0.055 0.045 0<>4'
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Gnrt:".,. "Qw .' ~ ..~ - .e 68000.00 1142.00 1164 .7 22.47 13.90 4951.38 0.60 0.005 0.045 0.045

Gr• .4.~~·Cfflp ~'87 ~~ iM'O 68000.00 1142,00 1165.96 23." 12.71 ....... 0.52 0.Q40 0.045 0.045
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Qo'_'A'4-~ 44i& - 'i35 68000.00 11'2.00 1162.86 20" 14.24 4807.08 0." 0.005 0.045 0.045

Oc'Q~~tbD 1~,,1'$ - 00<0 68000.00 1142.00 116455 2255 1279 50'16.53 0.501 0.Q40 0<>45 0<>45

.Qr.~"",~QJ;IIlI 44'S <I."" :9Q5!O 6IlOOO.00 1142,00 1166.53 24.52 11.36 61S4.1!15 0.46 0.050 0.045 0.045

I -_.....
~.'¥l!P ~.'3} ..,. '0,055 6!I000.00 113l1.00 116732 2932 .22 9054.115 0.26 0.055 0.045 0.045

~~~~.~ 1- 0 .... 68000 00 1138.00 1165.02 27.02 0.52 7436.74 0.36 0.045 0045 0.045

q,"";A"".""", ~3; s."" (J.q3\) 6IlOOO.00 1138.00 1161.80 23.80 11.32 6102.05 0.46 0.030 0,045 0.045

~_.o..,. ~J1 SI'f 0.ll35 6IlOOO.00 1138.00 1\6265 2455 10.82 6441.74 0.'3 0.035 0.045 0.045

Gf~~••.ElrcID .. ~.3f - 0;0 68000.00 1138.00 1164 " 261' 9." 1065.02 0.38 0.040 0.045 0045

f:Kw'Id·A",,· t.ww 435J7 iF; ocop 6800000 1138.00 116581 2781 9.02 8135.28 033 O.ClSCl 0045 0.045

~",~.On» "':49;J·t $.... Q'~ 68000.00 1139.00 1166.50 27 so 8.21 9OS9." 0.26 0.055 0.045 004.

"'..,. .....- ~,p - Q.a4S 68000.00 1139.00 1164.14 25.14 959 7316.815 0.36 0.045 0.045 0<>45

~",","" ~V .QPf o,!po MOOO.oo 1139.00 "61.18 221. 11.24 lSt$oe.88 0.46 0030 0.045 0.045

G<q_..... ""'31 - 1):Q35 68000.00 113.900 116t.89 22.89 10.80 6438.03 043 0.005 0.045 004.

I--'~ .",,~1 """ q.;ItO 68000.00 1139.00 116337 24,37 9." 7011.11 0.38 0.040 0.045 0.045

Il3r:aodA~ - D{og .4~~7 SPf Q~ 58000,00 1139.00 1164.91 25.91 904 8109.11 0.34 0.050 0.045 0.045
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YtR-Ave ·o.lJA ~il !SPf Q;llJS 68000.00 1138.00 116f.24 2:12' 10.80 6451.65 043 0.035 0.045 0.045
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~~~~ 4~~rt sPF ()OO() 68000 00 1138.00 1164.10 26.10 9.12 7998.91 0.3< O.ClSCl 004. 0045
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~~-
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Gton:! ~•• -4·i;l ;~ ""f ~~1 66000.00 1137.00 1162.12 25.12 '23 lM4.01 036 0050 0045
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~ko'''''''
",ID~ .SPf' O;~ 66000.00 1137.30 '159.47 2217 13.36 St0635 056 0045 0.045

(3.''''''._.0<... "'ill" ... ~ 60000.00 113730 1157.01 19_71 1S.n 4393.18 0 .. 0.030
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!o>f'rd~.-QrCC' 41-'l~ iSPf. O~ 66000.00 1137_30 1159.11 21.81 13.64 499849 0.59 0.040 0.045

Or~~ """ 4·'OS. SPF 0,0(50 66000.00 1137.30 11150.13 22.03 12.87 5304.20 053 0050 0.045

,............ Qrq> "1002 -
.(:-nrodM~~ ~~ Gj>f ~.~ 66000 00 1136.97 1157.75 2018 14.46 4703.33 062 0055

Or«:WitA"'.Or!:m ~5 SPI' 0,~5 66000.00 113697 1155.1SS 18.88 16.28 .,n.57 o.n 0045

~.,..... Orop '~:) 'Sf'f O.~ 66000.00 1136.97 115115 14.18 23.02 2953.63 ". 0030

(l.:..-.i"'-':'- ~.~ Ff .ooa~ 66000.00 1136.97 1151.15 14.1e 2302 2954.00 1.16 0,035ar..,._· Qrq> 4Q95 151'" 0910 6IKXlO,OO 113697 1154.67 17.70 1762 385934 0.61 0040

Gr«wl~'Q-dr1 ~~.5 SP'F 0,050 66000.00 113697 1156e6 19.69 1527 445314 0., o,osa

&.... e-..Q<oo . J~ 5 />,"" O·,~ 6600000 1136.00 1156615 20.66 11.53 5971.04 0 •• 0.055 0.045 0.045

Gnnd .\Ye • 'l>t:o ~ 5 - 000 68000.00 113600 1~55.07 1901 1277 5352.66 0.57 0.045 0045 0.045

P3''''''t'1"~~" 51'" 0030 66000.00 113600 1147.73 1173 23.0 2906.26 1.36 0030
_.~_ 'l\O~

SPf .Q3!S 66000.00 1136_00 1153.02 17.02 "59 4628.551 070 0.035

""",·"",·Ptoo ~.:; SPF 0,0)<0 66000.00 1136_00 11540e 18.08 13.64 49&4.67 O.OJ 0.040

o.-.~."""~ 406~ :sPF 0.050 6600000 1136_00 1155.91 19.91 12.09 5678.62 0.53 0050 0045 0.045

I
~~ill:cD ...·5 ;SPF b~ 66000.00 1136.00 1154.54 ,... 11.72 5987.34 0.51 O.OSS 0.045 0045

Qr~~.Ort:o 092' .."" O....~ 66000.00 1136.00 1153.32 17.32 13.02 5290.02 0.59 0.045 0045""",,.,..- <O:!5 SPF ,* 66000.00 1136.00 1149.70 13.70 17 16 3961.67 0." 0.030

Or........- Qrq> ~~ SPf c>ps,s ..... 00 1136.00 115107 15.07 15.35 ......... 0.75 0035 0045

1G<.nI,..... ""'" 402.5 SPf' 0.... 66000.00 1136_00 1152.28 16.28 1401 .....- 0." 0040 0.045

iG<......... a.., ~5. ~ O<>so 68000.00 1136.00 115407 16.07 1~J9 5605.61 0.55 0050 0.045 0.045

Gf~".~- .... 1315.5 SPF 055 66000 00 113300 1152.33 19.33 10.37 7014.06 0 .. 0055 0.045 0.045

~ ..... .... '115.5 ---.J'Sff O~ 66000.00 113300 1150.71 17.71 12,13 5625 65 0.55 0045 0.045 0045

Gr.Md·~· .... 'll!5,5 ;SPf' O.~ 66000.00 1133.00 1147.36 14.36 1556 4366.76 0.79 0.030
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G~..we-()rcIJ. .,..S si'r- .O$l 66000.00 1131.00 1149.94 18.94 .... 7474.05 0.... 0.050 0.045 004'
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~"""t;w :!i575 FsPF 0056 ......00 1126.00 114767 19.67 .63 8490.12 0.38 0.055 0.045 0.045

10<........ ""'" 378,75 SPF '1>04.5 66000.00 1128.00 1146.25 16.25 '.llJ 110129 0 .. 0.045 0.045 0.045
.,-,rd/lW9.Urop '16.15 lSI'!' O.<J;o ......00 112800 1144.04 16.04 11.65 5902.08 0.57 0030 0.045 0.045

.~OlJ!!L.la,.!.~ ~¥ O~ 60000.00 112800 1144 91 16.91 10.60 636ll.04 0.52 0.035 0.045 0.045

I,)r,"" :\W • Gap . 3'!8 75 SPf' 0;1)«) 60000.00 1125.00 1104573 17.73 10.22 681905 0<7 0.040 0.045 0.045

J)r~A~·~ 3.TS !~ - Q;9!iO 66000.00 1126.00 1147.08 ,.'" .... 1502784 0<0 0.050 0.045 0045

'Gr.a1d:A.ve· .... ':Il~7ej. .$.Of 0'055 66000.00 112700 1147,19 20.19 7.62 i195.71 0.33 O,OSS 0045 0.045

4r~,'M'" .... 73.75 SPF 0.04.5 68000.00 112700 11045,95 1695 6.32 &405.66 0.37 0.045 0045 0.045

"'",""".' .... $~75 1·$PF 0030 66000.00 1127.00 1144.09 17.09 '.55 7246.85 0.45 0.030 0045 0.045

~..,a~A!fII . .... \7375 - QJl35 66000.00 1127.00 1144.62 17.82 '.04 1700.32 0<2 0035 0.045 0045

~~AYf•. ... ~~7~ ISPF ~ (\OQ 66000.00 1127.00 1145.55 18.55 6.57 8152.70 0." 0.040 0.045 0.045
-",,".,.... 1J7!i liI'F .OO$! ......00 1127.00 1146.68 ,... 1.90 857UU 0.34 0.050 0.045 0.045

.............. Qrq> nD-66 - O·Q!(:j§ 66000.00 112650 1146.40 19.90 ." "".26 036 0055 0.045 0.045

~A"•• O!'ql, ~J.q.~ $o~ ():04~ 66000.00 1126.50 1145.19 16.68 6.517 7832.80 0.41 0.045 0.045 0.045

Gr8"l(;,._"~ .1Q~ Gj>f .u'~ 66000.00 112650 1143.-44 16.94 10.29 67.'.68 0.50 0.030 0.045 0045

G!a--9.~-'>.qp :pg6!i ...... O~~ 66000.00 1126.50 11-4415 17.65 '.n 7163.6:9 0.•6 0.035 0.045 0.045
<;;;:;'_C>oo 310"" Sl'" O~ 66000.00 1126.50 1144.66 16.36 9.21 7627.31 0.42 0.040 0.045 0.045

Qfn,.-,..-lRD ~~.~ :~ .050 ......00 1126.50 1145.93 19.43 8.4e1 5305.56 0.38 0.050 0045 0.045

GnodAw·o.... ~4 """ O,~ 6600000 1125_50 '144.37 18.67 '.99 7590.91 0.45 0.055 0045 0045

~'~'Qr4'" 066< 'SPf p~ 66000.00 1125.50 1143.15 17.65 1105 6568.91 052 0.045 004' 0.045

~~.Dn:lo 365. """ .0\l3!l 66000.00 112550 1141.33 '503 ·13.15 5411.96 0.7 0.030 0.045 0.045

Qr"1'tVfI Qrq> 3554 Sf'" O~ ......00 1125.50 1142.2-4 1674 12.10 6014.44 0.59 0.03$ 0.045 004'
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.~ (Ill. 'so. I

~:i-.w c.:w 360' '"* O~ 6llOOO 00 112550 1143.07 17.57 11.20 651474 0>3 0040 0.045 0.045

~':f. 360' i·sPF OOSO 6llOOO.00 112550 110.53 18.33 l061 710207 0 .. 0050 0.045 0045,
I

---l~~55~~,"'4.~Q3 ... 25 I."" ..... 00 1123.00 1142.92 19.92 796 10225 78 034 0055 0.045 0.045

~a'ld.A.... ,O!':CP 35825 ISPF :00..;:: ..... 00 112300 114164 18.64 9.65 884413 043 0045 0.045 0045

GroYKl.Il,\4·fZIrcct ~:r; SPF 0".. 6&000.00 112300 1138.35 15.35 15.04 472057 0,75 0.030 0045 0,045

~I.:'v.e. Orop 358.25 sPF 0;035 68000.00 112300 1139.31 1631 13.82 518136 0,67 0,035 0045 0045

Gra."d~""- P:.<?P ~,1S ,S'" O?4Q 60000.00 112300 114015 17.15 12,055 5586.93 0.60 0040 0.045 0045

Cir.,oAY'e 0:00 ~2f' SPf O.@ 6000000 1123.00 1142.45 1945 060 9716.41 0.37 0.050 0.045 0.045

G<rcl."- _ J52. .. SPf Q.Q.55 ..... 00 112200 1141.~5 19S5 033 9746.01 0>5 0.055 0045 0.045

Gr~A\... D:qI ~ .. llPF 9~~ ..... 00 1122.00 1138.97 16.97 11.92 6004 26 054 0.045 0.045 0045

~~.C>op
)52~ - ·0030 ..... 00 1121.00 1136.49 14.49 14.a1 4n240 07' 0.030 0.045 0.045

it1O~..,.. prep ~2~ llPF OlY,l§ ..... 00 1122.00 1137.08 15.08 "OS 5077.14 0.69 0035 0045 0045

i.WEI."......~ ,." SPF p~ ......00 1122.00 1137.604 15.64 13.36 S37J.09 0.64 0.040 0045 0.045

Q.·4I'df\w, OrC!' . 1~4 "Of' 00.s9 ......00 1122.00 1139ge " .. 1094 6650 34 0.46 0050 0045 0045

'3r~A~-~ ~.i·'" S.Of 1)"55 ......00 1120.50 1139.Je HI.sa 10.42 6531.11 0.43 0055 0.045 0.045

l3r:w1'J ........ 1)rw 34""r4 sPF QJ)4.i ..... 00 1120.50 113707 16.57 11.95 569301 0.>3 0.045 0.045 0....

9r.:v:f'I',~.bror- ~7J1 SPF 00.39 ......00 1120.50 113571 15.21 1300 519& 28 06. 0.030 0.045 0.045

~1'IYe'~ ~7" SPF ,Q:!5. ......00 1120.50 1135.71 15.21 13.08 519&.59 06' 0035 0.045 0.045

"'.......... ""'" 347·' SPf 0 ... ..... 00 1120.50 113571 15.21 "00 51gft 94 0.61 0.040 0045 0045

:Gr.-.dAv...o,tIp 3'41 -4 ;S~ 0.050 ......00 1120.50 1137.98 17.48 "" 6021.09 0.49 DOSO 0,045 0045

Gr.-.d Ave ~,tln:lD ).472.55 Bride.

~A""'OrOP :;.1]1 !O~ ~O.. 68000'00 1120.40 lfJa:26 17.88 1104 "6163:82 0:47 O.OS! 0.045 0045

!3r~~"•• !ftD 34'?'1 SF'!' 0045 ......00 1120.-40 1136.42 16.02 12.39 5489.76 0.50 004' 0.045 004'

"'- .... ~ 1\14;" &PI' 0,,13O ......00 112040 1129 41 9.00 2299 2957.9& 1.39 0.030

Gt~~....·~ i!<'" SPF O'~ ..... 00 1120.40 1129.4' 901 22." '''965 '.39 0.035

Gr'Wld, ....... 34:1'1 SPf 0..... ......00 112040 112942 902 2296 296162 139 0040

fGr.-1li~ve~~ 34''', - 0050 , ..... 00 1120.40 113707 16.66 11.88 572325 0.>3 O.osa 0045 0045

~~.t):q:I 13!.•.• """ !J~ ......00 1119.92 1138 15 18.23 11.10 6125.05 0.47 DOSS

~,""" """' ~8 Sf'!' 0 .... ..... 00 1119.92 1136.29 1637 12.47 5454.n 0.50 0.045

Gr_IWe-~ ~.~ ""'" .g30 ......00 1119.92 1134 25 14.33 14.40 472229 0.70 0.030

~~....- ",",. $PI' p.0;.;.5 ......00 111992 1134 2S 14.37 '06 4735.42 0.70 00'"

""""..... 0:00 3'U ~ ~.040 6llOOO.00 1119.92 1134 32 14.40 14.32 4743.51 069 0.040

Gr..:i~~Ora- ..... SPf 0<>00 6llOOO00 111992 1136.93 17.01 11.96 56eJ60 053 0.050

lG-d ..... """, "'"" - 0.D,65 ..... 00 111980 113&.10 18.30 10.93 6225.n 0 .. OOSS 0.045 0.045

Yr"JndA..,." t:lrI:Io :¥' .~ OQ45 ......00 1119.80 1136.27 16.-47 12.21 5571.18 0.54 0.045 0045 .~
'1Jnr1d,"",Wi'QrClP 348." 1- 0,030 ......00 l11Ul0 1134.33 1453 i3.94 48n.45 0.56 0.030 0.045 0045

~...aAv.-~ ...4 ·..Of ~035 60000.00 1119.80 1134.33 "53 13.94 41577.89 0.56 0,035 0.045
-~

~''''''''O:co )4,(t:4 isPF ~,o-;o 6lKXlO,OO 1119&l 1134.33 1453 13,94 4678,32 0.56 0,040 0045 0.045

~(<<nci~~GrrclP ~.'l ~"" QO~ ......00 1119.80 1136.88 17.08 11.75 5790.89 0.51 0.050 0.045 0,045

.C;;(mQA_.·OraD "'H•• I ..- --
~~~ ·SPf 0.... ......00 1119.40 113555 16.15 1VU' 54-4917 056 0.055 0.045

--
Gr""' ... ·Qr.. -~
~,..,..o.~ ~.5 $I'!' 0 .... 6llOOO.00 1119.40 113392 '4.52 f3.98 4865.87 0.67 0.... 0.045 0....

0.........-""" :us 5 &"f o~ ......00 1119.40 1129.33 9.93 21.04 3231.75 '.22 0030
......._,.C>op 34~5 1SPf' o.~ ......00 1119.40 1129.33 9.93 21.0' 323239 1.22 0.03$

9raJd/f4.~ ~~5 8PF 9040 ......00 1119.40 1129.33 9.93 21.05 32'31.07 1.22 0040

""""- Qnlo
3<H I8Pr- o.~ ......00 1119.40 1134.86 15... 13.08 S201.6J 0.60 0.050 0.045 0.045

i

~::
3:43? $I'!' O~ ......00 1117.62 1134.80 17.18 1140 6402.57 0.50 o.oss 0045
~, - p045 ..... 00 1117.62 1133.10 15 .. 13.21 51-4913 0.62 0.045-_.- 34;17 - O~ ..... 00 1117.62 1127.74 10.12 20.9. 3252.29 1.21 0...... --

CJrIOdIi\ll9"·rnr.· 34!P' SPF 0Jl35 ..... 00 1117.62 113090 13.28 15.5e 4l6C.20 0.70 0.035

t..~.~.~ ~37 SI'f' 00-;0 6llOOO.00 1117.62 1132.07 1445 "22 47llO.12 0.69 0.040

~~ a437 SPF 0050 ..... 00 1117.62 1134.00 16.38 12.42 541&.22 0.56 o.osa
I -
l,:..r;&r)Ci"M.~- r.ca .~~ ..OF O~,55 6eOOO.OO 1116.62 113427 17.&5 1050 719037 0 .. 0.055 0.045 0.045

~IInlSA>I..,':\Jt.CIP :)t~ SPF O\l}f5 68000.00 1116.62 113251 15.159 12.41 5478.16 0.57 0.045

1o):~JA.V.• - "', I~ M;;jl 6000000 1116,62 1129.35 12.73 1503 4294 59 0,152 0,030

~'A¥s.0rt¥1 '14'2 - 0.035 ......00 1116.62 1130.47 1385 1443 471169 0.72 0.035

_-.".0- .~~ SPF Q.~ ......00 1116.62 113155 14.93 13.29 5115.81 0.63 0.040

~..". 0- 34l ~ 0050 6llOOO.00 1116.62 1133.36 16.74 11.73 5798.94 0.>3 0.050_...... ""'" 3:>1 SPF O!IS 6llOOO.00 111422 1132.01 17.79 10.9& ....... 0." 0.055 0.045 0.045-..... ""'" ~7 """ p.G4$ ......00 1114.22 1130.31 16.09 12.60 5543,5e 0." 0.... 0.045 0 ...

Gnrd_·""'" 33; &PF ... ......00 1114.22 11l7.oo "70 16211 41n-03 0 .. 0.030

~qA...·j,)ClP ~7 - • Q~ - ......00 1114.22 1128.18 13.96 14.76 4601.39 0.73 0.035

:~!we O:co 3<' sPF 0040 ......00 1114.22 1129.30 15.08 '359 5018.87 064 0040 0045

~ ...".0r!:lP. 331 ... lJ95Q ..... 00 1114.22 1131.21 16.99 11.74 6107.31 0.52 O.OSCI 0.045 0.045
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,. (~5) (ft) ·ti l (ft ~!b'..) ~fI)

Grmo·.A~ Cr9P 1;'5;,13 I~ 0,06$ "00000 115400 116655 1255 11.61 3530.89 0.61 0.055

:,..... r,... ·...., .~'"
·Il.~·:~t OC~5' '100000 1154.00 1166,21 1227 11.90 34Il5.44 063 0.045

,G~~.Cfq) ~T.i "j()()".y.. o;lo 41000.00 1154.00 1165.91 1191 12.30 3332.69 0.66 0.030

........ _.0-0. .
~'" ~Qt).1l f'oJs 41000.00 1154.00 1!66.02 12.02 12.18 3J6'" 0.65 0.035

~.A1te-():CP 4532;1 100'!r to"'" 41000 00 1154 00 1166.14 121' 12.04 340514 0." 0.040

~'-'!dAve-OrClP ~~ iCJO..Yr ~.050 41000.00 1154 00 "66.41 '241 11.75 3487.91 0.62 ooso

Qr~A~'Qn» -462-ra 11»' O.05:i 4100000 1154.00 115567 1167 1271 3226.49 0." 0055

Qr"~-~ 4.5;'7;1 ()I).'r't !>Of5 41000.00 115400 116560 ".59 ,,,,, 320505 0." Oo<S
G:arQ"'~~-lI-aD . ~-5~.7J; lW-V' .0,030 41000.00 1154.00 1165.S1 11.51 12.90 3177 98 0.70 0.030

""","~.0l<P ..~tJ ·1~ Q'~ 41000.00 1154,00 115553 ".53 12,87 3185.85 070 0.035

Qf.~p.,{.-OraD ~~7a l'jClO-fr 9~ 41000.00 1154.00 116556 11.55 1283 3194.94 0.70 0.040

GnniA~ ()rQ) .$273 1!»-(r QQ50 41000,00 1154.00 1165,63 11,63 12.75 321619 0." 0.050

I
~,,,,,,,.tm> .~ !10C)-¥r .O.~ 41000.00 1155.00 1163.10 670 16.43 249570 100 0.055

~"~~~ ~66 ili!)o"r O·('ot~ 41000.00 1155.00 1163.68 8.67 16.46 24&8.42 '00 00<5

~"'V1f,'1ir.:r ~5;2:~ 100.Yr 0030 41000.00 115500 "63.68 6 .. 1647 2488.75 '.00 0.030

G<Jl)dI"oV!'" Orc:o 452.&5' 10.0-'(, •.Q,35 41000.00 1155.00 116368 ... 1647 2'88.75 '.00 0.035

~~ ""'" "IW ,00 " ~
., 41000.00 1155.00 1163.6& 6" 1648 248842 '.00 0.040

p,n ....W 4 Qu) 462.85 ·i.l)}',·", ," OQ$Q 41000.00 115500 1163.68 6" 16.4e 24&8.42 100 0050

'3{~;4~4 ... 4§2~ t(!I>tr <>55 41000.00 1153.00 1159.77 677 21.69 188991 1.«9 0.055

I"""",,,,"· ... <!iZ,5 1~':" Q045 41000.00 1153.00 1159.67 6.87 22,05 1859.47 '.53 0.045

CJr~"",,· ... ~~. 100·"(,- 6.,O:.Q 41000.00 115300 1159.56 6.55 2244 1821.03 1,57 0.030

Gl'-"n;lt"lI!" ... :4:~' :-tJO-Vr 'O;cg.... 4100000 115300 1159.59 6.59 2233 1&38,22 1.55 0.035

'oJr.fI'ict'~.~. "'" ....6 «.'i,' ~... 41000.00 1153.00 1159.62 6.62 22.20 1847.02 1." 0.040

~Ay.· .... 45?5 ,joo-';< , .Q5Q 41000.00 1153.00 1159.72 6.72 21.68 1873 85 1.51 0.050

G<....~ • .... 45223 100--r. ..* 41000.00 1144.(10 1164.97 20" 7.51 5457.51 0.31 0.055

GrolF!d~··... ~~ -1" :6~~ 4100000 1144.00 1163.21 19.21 8 .. 4904469 0.35 0.045

Gtrd-1''Ie ... .52~ :1«>Yr 0"l30 41000.00 114400 1160.50 16.50 .... 416735 0.45 0.030

"""'.'''' "'" -~ J 00-:,', ~ 41000.00 1144.00 1161.37 17 37 .'" 4414.n 0.42 0035
~«!d,~~ ... ~;Q _Yt 0P40 41000.00 1144.00 1162,29 18.29 8.76 467881 0.36 0.040

~,,~.

_.
~~. _Yr !M!5Q 4100000 1144.00 1164.11 20.10 '66 5204.69 033 0.0.50

I
':lr~A~." ~ -4S1.~ t~Y.r O·Q5$ 41000.00 11.... 00 11&4.80 20.60 753 5445.25 0.31 0.055

-,~. ... £5't73 lQl>'lt ,045 41000.00 1144.00 116306 19.06 6." '943.92 035 0,045

~';;tj!!NJ''''''''' ... 4$123- .-loo.r:, .Q,~ 4100000 1144,00 1160.40 16'0 9,79 418882 0,45 0.030

QtInd,,~~. ... ~51~ iQO-Yr ~,0>5 41000,00 1144.00 116124 17.2' .,. 4427,66 0,41 0.03.5

Gr.11M·A.....• ... l~~,~ 11QO-Yr Q.... 4100000 1144.00 1162.15 1815 675 4684.45 036 0.040

-Grlnl ,.,"" .' [)'q) <f\Z\ ~100.~r QilO 41000 00 1144.00 116394 19.901 7.89 519793 0.33 0050

?",'~'- 4"05 ,'f1)I>"f 10""" 41000.00 1144.00 1164.78 20.76 7.47 .....26 0.31 0.055

&q~. nIP 'Wo05 '~\,.~ 004. 41000.00 1144 00 1163.04 19.04 6." 4965.76 036 0.045

\1IlIOd·A-1- - 41lQ5 100:',', ll:,630 41000 00 1144.00 1160.37 16.37 ..", 4186.07 0.45 0030

"'....,... ... ..106 1qQ-lr - 41000.00 1144.00 1161.22 17.22 '.25 4432.24 "2 0.035
~_. ... ~!l5 iO!>y, ~ 41000.00 1144.00 1162.13 18.13 673 '69136 0.36 0.....
~P,VJI· .... ~Q!I 100.n ,!!5Q 41000.00 1144.00 116392 1992 7.. 522t 12 033 0.050

i;<""'~.!'o" 14J!ll:<>l lW-Vr Q... 4100000 114300 1164 69 21.69 7.15 5736.75 030 0055

'Gr«1dAW o (;. ... ilill;!3 1QOoVr I)ii~ 41000.00 1143.00 1162.98 19.98 766 5200 32 034 0.045

t3.'.'I)CiAVft~ ... ...~ tQOr>'Yr Q,* 41000.00 1143.00 1160,39 17.39 '.30 4410.08 0.43 0.030_IiYo. ... ~~tl jlJO',', Ql);l<l 41000.00 114300 1161,21 1821 6.80 46$6 74 0,40 0.035"'_. roo ~-eq~ 1QOo.Y, Q049 41000.00 1143.00 116209 19.09 632 '925,7tl 0.37 0.040

GrJr:ad.-.. . ... 4$)23 jl)O.Y, QQ5Q 41000.00 1143.00 1163.85 20.65 1.4' 547t 24 032 0.050

~A.".·Qa) ~.!l5 fllOoV, Q* 41000 00 1143.00 1154.32 2' 32 790 5186.90 0.34 0055
Gr.,q~~:lr:oD 44t:1lO' T~Y' 0,;>4t 41000.00 1143.00 1162 54 19.54 6.65

4OJ5 "
0.40 0.045

'""""'~... .....>1',; 1000Vr QQ30 41000.00 1143.00 1159.76 16.76 1076 3609.22 052 0.030
_.~,- _,05 -V, ...... 41000.00 114300 1160.66 17,55 10.07 4069 95 0.46 0.035

~~:.: :~
0;{\40 41000.00 1143.00 116160 '660 9.42 '350 65 0 .. 0.....

~...~.-"""' 00$0 41000.00 1143.00 116345 204S 6.34 491418 0.37 0.050

Gr:'8'lCtf'~" ... ""'~7 'll<' , QQ5!; 41000.00 1142.00 116346 21.46 8,93 4609.19 0.40 0.055 0,045 0.045

C3rerK1j~W" .... /+401,81 1a.''r"; OM 41000.00 1142.00 1161.62 19,62 100e 4067.09 0.46 0045

I,~~m· "'" O:'!8lJ1 ',u»Vr ~930 41000.00 1142.00 1158,62 '662 12.57 326263 0.62 0.030

I<Krd ..... '.... .",..Qt f(lO.','" .,635 41000.00 1142.00 115960 17.60 11.65 3520.68 0.56 0.035

Gi::.'A-- .... 44"" t(IG.''fr ,~ 41000.00 1142.00 '160.62 1662 10.81 379387 0.51 0.....""......._. .... ~ OeF(r O@ 41000.00 1142.00 1162.57 20.56 9.47 4331.33 0.43 0.050-_.,,-
44i~ iOO-'r Q,~ 4HXlO.00 1142.00 1161.73 19.73 .,. 442547 0.43 0.055"""".",".- #1~. ~c))'fr 9D.4§ 41000.00 1142.00 1159.87 17.87 10.60 3666.56 0.51 0.045

klon!/Wo.""", ..U .4OQ-Vt .>l!lo 41000.00 114200 1156.39 lU' 1'.21 266<." 0.77 0.030

qr.~,.,....Qw 1441 fS ioP--1'1 635 41000.00 114200 1157.65 15.64 12.... 3231.57 0." 0035._,.,..i:lnD 44'-t~ ,'10("," .ol)jO 41000.00 114200 11sa.eo 16.80 11.52 3558.47 0.56 0.040

~-r,"~.Drl» +f1~ ItOO-'fr Q@ 41000.00 1142.00 1160.84 18.84 "... 4157.12 0.41 0.050

Qr.-,dA:.. ~ ... ~'" lQB-fr O·Q5S 41000.00 113800 1160.69 22." ,.,. 5688,25 0.30 0,055 0,045 0.045

~"" "'" ....~ ;"""'(r QOi$ 41000.00 1138.00 1159,06 2' 06 e.01 5119.20 0.35 0045

<!r'«il'!<'. .... ~3'1 IlW-Vr Q~ 41000.00 1138.00 1156.46 18.46 'SO 431359 0.45 0.030

Grnlwfl· ... <~~ ,.iQ!FtJ Q~ 41000.00 113800 115729 19" 8.97 4'" J2 0.41 0.035

~~.. ... l435,~7 1l'l>Y< 0'0.0 41000.00 1138.00 1158.18 20 '6 "" 4&42.43 0.36 0.....
~_.- 4\\5:S; ~(lI)."IJ "* 4100000 1138.00 1159.90 21.90 7.61 5401.49 0.33 0.050 00<. 0.045

~....... """ 4""37 100."(,- <)65 41000.00 1139.00 115955 20.65 7.39 558Ul1 0.31 0.055 0.045 00<'¥;,,;., ..... <;>.. ~1I'7 ~y, 1>'6 41000.00 113900 1158.11 19.11 613 5042.13 036 0.045

~'p~"QIw ~J!l;rj I1oo-Yt .0.030 41000.00 1139.00 1155.19 16.79 9.S' 4311.99 0.45 0_030

'Qfnw-One ,;29,1 'iP-f, u~ 41000.00 1139.00 1156'9 17.49 '.05 .$3167 0.42 0.035

Gnnd""'.""'" iilll37 ioo."r 1<>...., 41000.00 1139,00 1157.29 18.29 8,57 4782.60 0.39 0040

Qr~p.'1!I""1JnlD 4~.37 'Ioo-V, ~@ 41000.00 1139.00 1158.90 19.90 7.7' 5312.05 0.34 OOSO 0.045 0.045

~_A"!9" ... <lR'17 1~Yr Q.0s5 41000.00 1138.00 1158.71 20,71 7.SO 5510.47 0.32 0.055 0.045 0.045
a-d./Wo. ... ,~'" ~·7 iOQ-Y, 1;00 41000.00 113800 1157.26 19.26 6.20 5000.71 0.36 0.045

~"A'Je· ... 4;1<." 1fG.V, ~,Oil!i 41000.00 113800 115$.24 17.24 9.37 437$.13 0" 0.030

~...,.. ... 142l'lt7 .JOD...... .l>D:\6 41000.00 1138.00 1155&2 1762 9.01 455260 0.41 ~035

I-Gf~--t.'\w-: roo "~'i7 .tQo.y•. Q.04O 41000.00 11)800 1156.52 '6" '.60 4769.79 0.39 00<0
Gr{l'ldAvw ~ "" ~1j" 100'(, OJ'5C> 41000.00 113800 1158.00 2000 7.63 5252.80 0.34 0.050 0.045 0.045

Gt'JId,,,,,,.t.roP 4,ilU7 tOi).y', 0* 41000.00 1138.00 1157.53 19.53 600 5146.40 0.35 0055 0.045 0.045

0(~A'!(e.9n:ID i';~7 ,,01...../0" 0.... 41000.00 113800 115616 1816 8.76 "".26 0'- 0.045GnoY.l_._ .,ta..n ·;W·"1t Q~. 41000.00 1136.00 1154.'5 16.45 99' 41)Sao 046 0.030



HEG-AAS Rrv ~ Rrv.- R ech' GrllnCl A Of Protile' 100-VI (Calllnu«lJ~, 0 ... .. ,

t '...... PJojer-st. "'.... ""'" Ct~"ald MInCh a W~ a.;... ....ChllJoth V9Actwl I=b\<AIv ;:,t'"~iOj "'"''''"'' ~Wt.d·Vlnt f ~WidL~; M«W\Wid~

(cf~) iiii: ·ft) OJ fi;~l i.sq~.

0.....""'.""'" AISQ? 100 ..., .~ 41000.00 1138 00 1154 88 .... OS, ~273.59 04. 0035

IGt..-d~. Or'PP ~.i~-9) 1Ot....' .. 00<0 41000 00 113800 115$49 1749 9.18 "67.19 043 0040

GrWWS,":V;P ""'" .,i~9-! ,!OO-'rr 0,'" 4100lHl0 113800 11568~ 18 os .36 490393 0.38 OOSO,
I...... Avo""'" 14;2'16 f~¥, 0055 4100000 1137.00 1155.91 1891 .27 4956.B1 0.38 0.055

GrolJK)A..... • Qrop 4~~ ;,g ·tOO-Vr 004' 41000.00 113700 1154 76 17 76 8,96 4576.87 0.42 0.045

Gr¥ld~.,.-~ ~1:!6 100-Yr .0'(\30 41000.00 113700 115367 16.67 '" 4224.46 O.~7 0.030

Gr~.~ve- 0r0D A·i~76. 1QO-'(r 0035 41000.00 1137.00 115385 "os .... 4281.20 04' 0.035

Gr"j,.~·,~ '4'2~ 'OO-'ir 0"'" 41000.00 113700 "5424 1724 '30 4409.46 0.44 0040

k;nA~-~ 41271\ '.CJO.'fr 'Oo:sQ 41000 00 1137.00 1155.32 18.32 8.61 4762 )4 0.40 0.050

~Q .'\~ ~ .Q:QD AjO...50: . Itp(e'rf nQ55 41000.00 113730 1154 06 16.76 11 37 3606.59 054 0.055

IQ_A,.,!"q> <os. i.OO-Yr ,(;o..s 41000.00 113730 1152.72 1542 1257 3261.24 0.62 0.045

Ic;.-.{ K,.· prop "'i~·)4. 11OQ-tr O.O3!l> 41000 00 1t37.3O 1151.&9 1439 1365 3002.76 0.69 0030

~,'w.,~ l!-{O~ 1'11.»-,\-, .~ 41000.00 1137,30 1151.69 1439 .365 300306 0.69 0.035

Qr'.-.;!.*''''-,CKq;l tlr.Sri ltKr¥r (;04(1 41000,00 1137.30 1152.11 14.el 13,20 31068.9 0." 0.040

IG"~t\...._~ 1\'10;50) ~ O.QI;o 41000.00 113730 1153 39 16.08 1195 3431.-43 0." 0050

I

~P.II" ""'" ~I) Q2 "'-

Grn,'\W·~ .~~ fQQ-''(, 050 41000 00 1136.97 1153.151 16.64 11.45 358.36 0.54 0.055

~.~A~·~ 1~5 ~1(l(\-Y,: 004. -41000.00 1136.97 1151.9-4 1497 13.01 315112 0.65 0.045

~:~= '::. I~:~~
03!l - 41000.00 1136.91 t147.36 '039 20.05 ~.78 .19 0.030

~~ "000 00 113697 l1HJ6 '039 20.05 2045,23 1.19 0035

Graqj Av,--Q!:q;I <lOll' tOij)..'rt' 0'1l49 -41000.00 1136.97 1151,01 14.04 14,05 2918.33 0,72 0.040

GrM'ld .I'Jt,~ Qr9P <iOP!'\ ",Q('I-Vr OO.SO 41000 00 1136.97 1152,eo 1583 12.16 337177 0.59 0,050

~
Or~.""·_ -.5 ~~Yr O~ -41000_00 113600 1152.55 '655 9.17 "70.78 044 0.055

<>-d."'" ""'" "lIS.' il»Y( 0·"" 41000.00 1136.00 1151.03 1503 10.34 3966.63 0.52 0.'"
~.-,:jA~~~ ;0&;.5 lC!O--)r 'Q(;30 41000 00 113600 114860 .2.59 12,89 317974 0.72 0030

Gnrd"""·Po;lp ~t .).()Q-'lr 00<5 41000.00 1136.00 1149.38 13.38 11.95 3429.73 0.65 0035

Or~,:,1t~~. .~.. ~r.. O.Q40 '1000.00 1136.00 115021 1•.21 "00 3698.78 0." 0.040

Or,"","" ..... 401>,' "oo·y, 0.0)50 41000.00 113600 1151.e1 15.81 9.71 422447 0." 0.050

.G!W"6~.0r0p '~2;; 110C>-'f-1' O·PM 41000.00 113600 1150,94 14.94 9.35 4399,99 0.46 0.055 0.045

Gr~.A"'''O!'I\lP ~. lOG-Y. 0,04' .'000.00 1136,00 114937 13.37 10.65 3&4Ull 0." 0045

~W'lC!.:w. •.~ ~. J'OQ-Yr ,1'lO 41000.00 113600 1146.52 '052 14.12 2904.55 0.83 0030

Vr~~aQlw ~25 l~Yr Q~ 4100000 1136.00 1147.55 11.55 '2.65 324070 0.71 t;t.OJS

~;"".Qnlp ~.. 1C»-Yr o;~ 41000 00 1136.00 1148.49 1249 11.53 35S4.7e 062 0040

G~o!'''''~~ ~6. lQO-Yt' o~ .'000.00 113600 1150.18 14.115 ... .12fU1 050 0.050 0.045

Dr""''''',,",,,, 395.5 ,,00-'« ... "000.00 1133.00 114844 15.44 8.61 4760.40 042 0.055

ar-~.~·Prm .~~ 'jQo.','f . GPo. 41000.00 "3300 "46.95 13.95 !U2 4219.sa 050 0.045

Cir•."'."Qr'lP an. IttlQ.', 0.03C! 41000.00 1133.00 1144 14 11.1. 12,72 3222.01 0,74 0030",""",.,.,..- ~H 10C>Yr 0.035 "000.00 1133.00 1145.17 1217 tt,44 3582.42 063 0.035

Gr.".... ·Qfc» *' ,QQ--l"r "'P 41000.00 113300 1146.10 13.10 104e 3913.00 0 .. 0.040

'3r~Aw·~ ....~ fOGo':', 00$> 41000.00 1133.00 1147.72 1471 9.12 4496.54 0.46 0.050

il<r<l,.._ 392 _!-'W.-, 0l'M 41000.00 "31,00 '147.77 16.77 7 .. 5e12.21 0.34 0.055 004.

K;r~~-Drc:lt- ~ 1,QQ-Yr O~~ 41000 00 1131.00 1146.42 1542 7.7 5215.79 0.39 0.045 0.045

\JnIld"..... -.ORlp loU illO-Y, o;~ .1000.00 1131.00 1144.07 13.07 ... 4244.15 0.53 0030
(J,-,.d_.prop ~ tl»-f-f 0035 41000_00 1131.00 't4487 1387 ••7 4570,01 0.47 0.035

G<nl._·g"., I'»l' 100-"'" '?40 41000.00 1131.00 114566 14 .. •.38 4893,54 043 0040

(;r-..d'~'!,-QJ.ClP 39:t I~'(r 1>050 41000.00 1131.00 1147.11 1611 7,46 551857 0.36 0,050 0.045

Or.""~""_ 13OIl. ttM-',r 0-'55 41000 00 113100 1146.eo " .. 7.66 5385.45 0.30 0.055 0.045 0.045

1<>-.... ""'.-
3Il8~ ,ob-"~I ~ .tOOO.OO 1131.00 114543 14.43 .... 4781.64 044 0.045 OJN5

1"':0.-4"..'_ ;l!!ll.~ tQ(\--Y.. ~ 41000.00 1131.00 1142.93 11.93 10.89 3766 10 063 0.030

(;rn:iA...·~ .~ ')00-"'" .1>Q35 41000 00 1131.00 11438t 12.81 !US 4120.78 0.55 0.035

1<Jr.... ~... 0<... 300.5 too-V. 0.Q4g 41000.00 1131.00 1144.65 13.65 9.19 4460.60 049 0.040

1Gnno:i~'Orw '*~ '~Y' N)!l\l 41000,00 1131.00 1146.13 1513 ... SOM.61 041 0.050 0.045 OJMS

<>onl_. prop 19I1o.~ IfO()-""v 0.055 41000.00 1130.50 1145,65 15.15 773 533337 0.39 0.055 0.045

~,•.,..prop .I:laOS ·;gp..Yr .~ .'000.00 1130.50 11&4,30 13,eo .... 472840 0.46 0.045 0.045

~~984' 1OP'fl' 00030 41000.00 1130.50 1141.69 11.19 11.30 3629.00 0,67 0.030

CK«'d~"",-~,qp
_.~

.1Ql::\-'(r 0035 41000.00 1130.50 11'2.65 1215 10.19 402S.46 0.5I! 0.035

fJnnil,.~ prop ""." SeJO.,) 0·040 4100000 1130.50 1143.51 13.01 '35 4387.20 0.51 0.040

Gr~~~DnlD 3&!-·1 I_V, ..,. 41000.00 1130 50 1144.99 14,49 8.17 5035.54 0.42 0.050 0.045

~~A....~.0n:D m1~ tCl:(l-rr O~ 41000.00 1129.00 1144.67 15.67 6.81 6053 .. 0.33 0.055 0.045

k1f~",".~ 3]97'i '100-1'.1 1>046 41000_00 "29.00 1101346 1446 7.-49 ......65 030 004. 0_045

-nlM'~ 31975 liQ!)-~:r O.~ 41000.00 112900 114l.20 '220 9" 4403.33 0.50 0.030

Orrod"",._ m975 10P·'(t· ~ 41000.00 1129 00 1141.99 12.99 8.49 4e2S,22 045 0.035

Clo·~A'..·g"., a7t7~ 1Q1)-¥r Qc040 41000.00 1129.00 1142,75 1375 7.95 516044 0.41 0.040

GrardAV,'~ 37975 11OG-Yr ColM 41000.00 112900 1144.07 15,07 7.13 577014 0.35 0.050 0.045,
.......,...- 31&15 1000'tr b050 .1000.00 112800 1143.96 15.96 7.07 .....35 035 0055 0_045 0.045

Gr...:I~p~ 3'7$" 'CJC;-Yr O.~~ 41000.00 028.00 114278 14715 7.81 5252" 0.40 0.045

I"""" ..... · prop ~'l; 1qo..,j- 0030 41000.00 112800 1140.53 .253 .... 4~499 0.55 0.030

Or.,$ .....·~ 3·'6."!:t 'll)O-):r n03l' "000.00 1128.00 11011.32 13.32 8.92 4596.23 0.49 0.035
GnI'1O -'W.Q'q) 3.715?5. tQO..Yf <)04(! 4tooo.00 1128.00 1142.07 14.07 IUl 4933.47 0.44 0.040

~.r4~~.Or~ ~~.,. ~10;1)0'(r IV 050 .tOOO.OO 112800 1143.37 15.31 7.42 554' 63 038 0.050 0,045 0.045

I
~~,.:p;oo 3~75 'Ql}Yr 0.0" "000.00 1127.00 114353 16,53 6.00 6904.19 0.29 0,055 0,045 0.045

.,..........- ~13.~~ .100.:(.: 0,045 "000 00 1127.00 1142.46 15.46 .... 6253.90 0.33 004.

~~37375 ItOG-Vr ona 41000.00 1t27.oo 1140,45 13.45 7.02 524085 0.'3 0.030

Qnm.~~.£.mlp ;7'i15 1*1',' .o.~ 41000.00 1127.00 "41.14 14.14 734 5585.61 0.39 0035

Or"" A...• Qrno ;J137S ',OCI-V, 0:040 41000.00 1121.00 114Ul 14.e1 6.92 592642 0.36 0.040

~.Aw·Orw ~]315 1~'·,. 0.000 41000.00 112700 1142.9lI 15.ge 620 6569.30 0.31 0.050 0.045 0.045

IOnntA~~iilIw 37005 .lilfI-yr 0,* 41000.00 11215.50 "4287 t6.37 6.49 6387.63 0.32 0.055 0.045 004S

G;-""'~-.0Jt1p. l?~§5 .iOO-:Y~ DO' 41000.00 1126.50 114183 15,33 7.10 5775." 037 004.

GrInlo'lAlf,4l' frto .70'05 100-'[r 0,Q>j:· .1000 00 1126.50 1139.155 13.35 •.55 4795.90 0.48 0.030

.Qr";'~-~ 1p,~ OO--.)'.r O!l35 41000,00 1126.50 1140.53 14.03 7.99 51JQ 35 0.44 0.035

G:.-;oc:i ....w·Cn;Jp 1005 1to(\. '!r .0~Q 41000.00 1126.50 114120 14.70 75. 5460.75 040 0.040

(";;nn:l",~·~ a7065 : iOG-'(r ..,. 41000.00 112650 1142.33 15.83 .... 6059 72 0.35 0.050 0.045 0.045

~..d~-l)rqp .... ~,QO.Y 0"'0 .'000.00 112550 1141.21 15.71 7.90 540556 040 0055 004' 0.045

~·A"',~ prop SIlO' 1&.)Y.l ..t>;~ 41000.00 112550 113999 14.49 9.15 4482.71 0.49 0.045

Gr~A~·f)"CJJ .... lIOOoY, O,((A 41000.00 1125.50 1137.69 1219 11.62 3520.44 0.70 0.030

:Cr.d.,owe • 'MlP :io54 1W 'Ir 0035 41000.00 112$.50 1138.55 '305 10.SS
_..

0.61 0.035



HECRAS RiYer·,......RN. Relll;:h: Gra'ld Ave· Ofop Profile 1QO-YrContitw..I.:l)

R_ ~.$l•. ?,~ ",., I '2r~ t.tr.q1S W.S EIoo' , ....ChI~\ V~eM; ~j1II- frwde"l7oW ~Jil~ MQ'Wtd·~ 1 MlmWk:lIlIt """'WIQ"""tl
1cl~) ·ft 'fi ft "1.&) l""ft) I ,

IG4'rdA___ o.;qp 365' 100-':" OW> 41000.00 112550 1139.31 13111 97. 419968 0." 0.040

9t~p,~.()"~ ~, ·ioa-Yr O(cip 41000.00 1125.50 1140.63 15.13 1l.40 5066." 0." 0050 0.00*5 0.045

\-G.·IOlfA"~,,~ I~~ 'tOo-Vr OOSS 4100000 1123.00 113844 15.44 1l.90 4764.1l2 0.44 0.055 00<5 0.045

GrIWldAI(J Ora. .... 25 I 'f60.'(~ ij0<5 41000 00 112300 1137.21 14,21 10.04 411l3.11 0.53 0.045 0,045 0045

Gi·~Ay-p-9f~ "'1$ loQ-Yr 00." 4100000 1123.00 1134.98 11.98 12.59 3255.44 073 0030

~GrW!d A'!'I .Drop .... :.. iOO'/, 0.035 41000 00 1123.00 113580 12.60 11.56 3556.10 0.65 0035 0.045

~~A""·Orq.'l ....1$ 1~':'r r.~ 41000.00 1123.00 1136.53 13.53 10.74 3&61.98 0.58 0.040 0.045 0.045

~p.v,.Orcp >;;ll~. 100.';. 0-0,;0 4100000 1123.00 1137.85 14.85 9<3 ........ 0.4& 0.050 0.045 0.045

~,o;\.....~ iS24 .:i.9C)'r'r MS• 41000.00 1122.00 1135.56 1356 '.69 4300.25 O.SO OOSS 0.045 0.045

~~"""'-~ .~~ .. j~'(~ 00<5 41000.00 112200 1134.38 12.38 1083 37&7.51 0.59 00<. 00<'-,.,..- 352." iQo.j:, O.~ 4100000 112200 1132.62 .062 '30< 3144.64 0.711 0.030

Gr«'ld A.... • Orcp 352' ;-OO-Yr 035 41000 00 1122.00 1133.21 1121 12.22 3355." 0.71 0.035

~,,,v..'D«Jp 352' .1Q;l;"y,· 0,0,• 41000.00 112200 1133.15 11.15 11.54 3553.16 0.65 00<0

G.--.d ."I.~" DroP :a524, 'iQ()-"i,' onso 4100000 1122.00 113497 1297 10.25 4D071lO 0.55 O.osa 00<.

lG..ldA... ·Orcio ~;''l h06-"r .055 4100000 1120.50 1132.90 1240 9.82 41n.2l .5. •.OSS .0<, 0.045
IG-«..... l>'op 347,~ leo-·,!" 0.0(5 41000.00 1120.50 1132.05 1155 10.60 38M.14 057 .0<5

~... ~~.""", ;)ti'4 'f~Yr 0030 41000.00 112050 1131.S7 11.17 10.99 3731.79 0." .030
~ .....,.. ""'" :>ti?4 1OP'/r· O~ 41000.00 1120.50 113167 1117 10.99 3732.10 0 .. 0.035

Gr~A"'·_tre:o 3<7' ,lop-y.. 004<1 4100000 112050 113Ui8 11.17 1098 3732.46 ... ....
G.:w1ct'¥M ..~ 34?'! 'oo-.'U 0* 41000.00 1120.50 t132.43 11.93 10.23 4007.02 0" •.050 0000 •.000

Qnnd~"·Dtw \l4J2$5
,---

Bridge

(,q-,gAV, 0.... ~1t (OP-'(, ,,0$5 41000.00 112040 1132.27 11.87 '030 3S824-4 05' 0055 •.000 0000

I~A~-~ 3047 t ~C?O-y,. 0.(\0:5 4100000 1120.40 1131.'3 10_73 11.48 3511.06 0." 00<5
GrW1l$·"-:",,Dlw W. .,OQ-'!r 0;030 4100000 112040 112680 5 .. " .. 206' eo 142 0.030

i3twld·i'-~-I),~ 30111 iQO-'rr O;Q"'"~ 41000.00 1120.40 1126.81 ... 19117 2063.39 142 0.035.,....."..""" 34/T t.QP-v.· 0* 41000.00 1120.40 1126.81 0" ".. 2065.12 14' 0.040
~_ ....~-0rtlP !~·11 it~tr Q~ 41000.00 1120.40 1131.68 11,. '0" 3769.28 0.59 .OSO

'<;;r..."",-~ JAfHt 1~Yr Oo'~ 41000.00 1119.92 1132.10 12111 1035 3960." 0." 0055

_.Avo.l>'op \l4H "OO·f, D,'" 41000,00 11'992 113100 11.08 11.47 3575,152 0,63 00<5

""...",,,-""" ~.5 h~.'(r Oll;lO 41000.00 111992 1130.38 1046 12.19 3363.93 0." 0.030

~..:I~!t't'tl .. 0n:lp 3168 oo-y, Q35 4'000.00 111!U2 1130.42 10.50 12.14 3376.66 0." 0.035

"".......-!1roP 3*8 .C»-Vr •.044> 41000.00 111992 113041 10.54 12.09 3391.92 0." 0.040

Gw1d,.",.,tJrcu ..e8 OQ-'f-r 00>5!l 41000.00 111992 1131.53 11.61 1091 3759 44 0.59 0.050

............ 0... !W64 100-Y.. GOM 41000.00 111980 1132.01 12.21 10.12 4050.02 0.53 0.055 0.045 0.045
\Jf....~._

34~4 ~Q!')-Y{ .0<, 4100(1-00 1119.80 1130.93 11.13 111& 3665.81 00. 0.045 0.'" 0.000
p.-n~ !1roP '34ll' '·OO-YJ· ~oap 41000.00 1119 eo lt3O.42 10.62 11.77 3483.27 .... 0.030

~~~&:-'
~..; 100.l(r 0035 41000.00 1119.80 1130.42 1062 1117 3483.6li 0." 0.035

34Ei,~ tm."f 0,"" 41000.00 1119.80 1130,42 10.62 11.17 3484.111 0." 0,040

loK..,d.iW.. ·tglp ~'b-4 1ClO-Vr 006(> 41000 00 1119,1lO 1131.44 11.64 10.65 3848.51 0.51 0.050 0.045 00<.
I

Gr.'"I'''''-~ 3oi~.95 -i
",..._.~ "'H ~!»-Yr 055 41000.00 1119.40 113154 12.14 10.21 401569 .... 0.055 00<, 0.045

Gr"nl ..fl;"..Qtq:I ~.~ ·jGO-Yr .... 4tooooo 1119.40 1130.04 10.64 11.78 J4el.73 .... 0.045

,Gnr~.~~.QrqJ 34'" -,1~"" 0.... 41000.00 1119.40 1126.52 7.12 1809 ~.67 '.23 0.030

G,_A~ ""'" 34~' '!.OC>-"'r Q.Q35 41000.00 1119.40 112$.52 7.12 18.08 2267.33 '23 0035

G!'ft A.... " prq, ~.~~ ·OOoYr .... 4'00000 1119.40 1126,53 7.13 .... 2261,94 1.23 .....
:Ur.-.:l'.,\~ l>'op :14" 1000',:'. ·,Qlpsl) 4100000 1119.40 1130.81 1141 10,92 3755.73 0.59 0.050 0.000 0.000

~....... o.w 397 ·t1QO-'r, ~.~ 41000.00 1117.62 1130.64 1302 .... 4271.06 ••• O.OSS

IG......""'._ 34.37 l00-:Yr ..... 41000.00 1117.62 1129.115 11.504 10.!U 3746.62 0.59 0.~5........,,,,,.,,,,,,, ~.3' i(Kr-"" .lI3li 41000.00 1117.62 112$.55 8.93 14.4-4 2839" 0." 0.030

lKInd,....~~ 1343 7 ~C'O'ff ijQ35 4100000 1117.62 1127.50 .... 12.95 3167.12 0.76 0.035
fJrw'l(l,~ ..~ !3Q,1 ·t90-Y" O·t*! 41000.00 1117.62 1128.35 10.73 11.&3 3465.74 0." 0'"
IGn_(~-~~ ~i' 101).;-tr .... 41000.00 1117.62 1129.91 12.29 10.21 401383 0.53 0.050

I
Qr.". .... t!I<D 34.~ tOO-fr ~ 41000.00 1116.62 112$.95 13.32 ... 451566 0,46 0.055

Q(",~1ft.fJn» \l42 I~\r ~ 41000 00 1116.62 112e.49 11.B7 10.31 391695 0.55 0.045

~.,q f4~.• Otqt ..~ tOQ-Vr .G!r.JC) 41000.00 1116.62 1126.04 9<2 13.32 301872 ... 0.030

.............- ~ ;100-Yr 00)3$ 41000.00 1116.62 112690 10.28 12.06 3393.90 .70 •.035

klmol ....·_ H. 100-Y.. .... 41000.00 111562 1127.72 "09 11.11 3159151 052 0....---t'<op .... !1.(IIl-Ti oOser 41000.00 11115.62 1129.23 12.61 '.65 4250 54 OSO .050_.......-13.1 1OO-y •.0!i5 , 41000.00 1114.22 1127.76 13.54 9.21 .... 53 0.46 0055

I<innl....-""'" ·~7 19!>-Yr .". 41000.00 1114.22 1126.29 12.07 10.45 392509 0.55 .0<5

~""'....~ 337 1c(1.'(f ~ 4100000 1114.22 1123.111 '.59 13,44 3050.03 0." .030

Gr"'~·""'" 337 ",OO-Vr OQ;!' 41000.00 1114.22 1124,69 10.47 12,21 3356,82 0.70 0.035

~.il~,~ 30? 11X1"" 0'" 41000.00 1114.22 112551 1129 11.24 364713 0.62 0....

"'....~-- ;m 'tOO-Vr COSO 41000.00 1114.22 "27.04 1292 9.7! 4190.77 .SO •.050



HEC-RAS Plan: Oesien N River: New River Reach: Grand Ave - 0 ron
Reach River Sta P,ofile OTolal Min Ch EI W.S. Elev Max Chi Onlh Vel Chnl Flow Area F'oude # Chi Mann Com Mann Wtd Chnl Mann Wid Le Mann Wtd RQht

cis ft ft It fUs sn ft

Grand Ave - 0'00 45323 10-Y, 10500 1154 1159.79 5.79 6.92 1517.71 0.53 0.03
Grand Ave - 0'00 453.23 100-Y, 41000 1154 1165.91 11.91 12.3 3332.69 0.66 0.03
Grand Ave - OraD 453.23 SPF 68000 1154 1169.91 15.91 14.78 4624.05 0.69 0.03 0.045 0.045

Grand Ave - OroD 452.73 10-Y, 10500 1154 115956 5.56 7.39 1420.22 0.59 0.03
Grand Ave· OroD 452.73 100-Y, 41000 1154 1165.51 11.51 12.9 .3177.98 0.7 0.03
Grand Ave· OraD 452.73 SPF 68000 1154 1169.41 15.41 15.47 4397.63 0.73 0.03 0.045 0.045

Grand Ave - OroD 452.65 10-Y, 10500 1155 1158.53 3.53 10.61 989.6 1 0.03
Grand Ave - OroD 452.65 100-Y, 41000 1155 1163.68 8.68 16.47 2488.75 1 0.03
Grand Ave - OroD 452.65 SPF 68000 1155 1167.11 12.11 19.3 3526.2 1 0.03 0.045

Grand Ave - O'OD 452.5 l(}-Y' 10500 1153 1155.26 2.26 17.02 617.07 2.01 0.03
Grand Ave - O'OD 452.5 100-Y, 41000 1153 1159.56 6.55 22.44 1827.03 1.57 0.03
Grand Ave - OreD 452.5 SPF 68000 1153 1162.62 9.62 25.04 2715.9 1.45 om

Grand Ave - Oren 452.23 10·Y, 10500 1144 1153.58 9.58 4.66 2252.54 0.28 0.03
Grand Ave - O'OD 452.23 100-Y, 41000 1144 1162.98 18.98 8.4 4879.07 0.36 0.03
Grand Ave - OroD 452.23 SPF 68000 1144 1168.18 24.18 10.61 6411.25 0.4 0.03

Grand Ave - OrDD 451.23 10-Y, 10500 1144 1153.54 9.54 4.54 2313.03 0.27 0.03
Grand Ave - OreD 451.23 100-Y, 41000 1144 1162.92 18.92 6.36 4904.95 0.36 0.03
Grand Ave - Oroe 451.23 SPF 68000 1144 11681 24.1 10.61 6413.99 0.4 0.03 0.045

Grand Ave - OraD 451.05 10-Y, 10500 1144 1153.51 9.51 4.65 2259.38 0.28 0.043 0.043
Grand Ave - OrDD 451.05 loo-y, 41000 1144 1162.91 18.91 8.32 4928.71 0.36 0.042 0.042
Grand Ave - OroD 451.05 SPF 68000 1144 1168.12 24.12 10.44 6515.62 0.4 0.041 0.041

Grand Ave - Oroe 450.23 10-Yr 10500 1143 1153.39 10.39 4.72 2223.66 0.28 0.049

Grand Ave - Dr"" 450.23 100-Y, 41000 1143 1162.73 19.73 8.47 4837.98 0.37 0.05
Grand Ave - OroD 450.23 SPF 68000 1143 1167.94 24.94 10.48 6488.98 0.42 0.05 0.045

Grand Ave - OroD 449.05 10-Y, 10500 1143 1153.11 10.11 5.39 1948.71 0.34 0.051
Grand Ave - Oreo 449.05 100-Y, 41000 1143 1162.25 19.25 9.26 4425.88 0.42 0.051
Grand Ave - O'on 449.05 SPF 68000 1143 1167.38 24.38 11.25 6077.16 0.46 0.051 0.045 0.045

Grand Ave - OreD 446.87 10-Y, 10500 1142 1152.58 10.58 5.6 1875.31 0.35 0.05
Grand Ave - 0'00 446.87 100-Y, 41000 1142 1161.39 19.39 9.81 4177.76 0.45 0.051

Grand Ave - 0'00 446.87 SPF 68000 1142 1166.45 24.45 11.78 5898.32 0.48 0.051 0.045 0.045

Grand Ave - Oron 441.6 10-Y, 10500 1142 1150.13 8.13 7.71 1362.61 0.58 0.051 0.051
Grand Ave - OraD 441.6 10<>-Y' 41000 1142 1159.03 17.03 10.68 3640.08 0.53 0.052 0.052
Grand Ave - O'OD 441.6 SPF 68000 1142 .1164.32 22.32 12.22 5695.3 0.51 0.052 0.052 0.045 0.045

Grand Ave - 0'00 435.37 10-Y, 10500 1138 1149.01 11.01 5.12 2052.49 0.32 0.039 0.039

Grand Ave - O'on 435.37 100-Y, 41000 1138 1157.87 19.87 9.03 4539.06 0.41 0.038 0.038

Grand Ave - O'OD 435.37 SPF 68000 1138 1163.21 25.21 10.92 6444.67 0.43 0.038 0.038 0.045 0.045

Grand Ave - OroD 429.37 10-Y, 10500 1139 1148.29 9.29 5.15 2039.93 0.33 0.038 0.038
Grand Ave - OreD 429.37 100-Y, 41000 1139 1157 18 8.97 4571.23 0.41 0.038 0.038
Grand Ave - Oron 429.37 SPF 68000 1139 1162.37 23.37 10.79 6484.92 0.42 0.038 0.038 0.045 0.045

Grand Ave - OreD 424.17 10-Y, 10500 1138 1147.75 9.75 4.89 2146.01 0.31 0.037 0.037
Grand Ave - 0'00 424.17 100-Y, 41000 1138 1156.3 18.3 8.83 4641.5 0.4 0.037 0.037
Grand Ave - OraD 424.17 SPF 68000 1138 1161.69 23.69 10.64 6565.44 0.42 0.037 0.037 0.045 0.045

Grand Ave - Oroo 418.97 10-Y, 10500 1138 1146.91 8.91 5.83 1800.45 0.4 0.037 0.037
Grand Ave - OreD 418.97 100-Y, 41000 1138 1155.22 17.22 9.7 4225.07 0.46 0.037 0.037

Grand Ave - 0'00 418.97 SPF 68000 1138 1160.68 22.68 11.33 6178.54 0.46 0.037 0.037 0.045 0.045

Grand Ave - O'Dn 412.76 10·Y' 10500 1137 1145.47 8.47 6.48 1621.62 0.46 0.038 0.038
Grand Ave - O'OD 412.76 100-Y, 41000 1137 1153.72 16.72 10.32 3971.66 0.5 0.038 0.038

Grand Ave - 0'00 412.76 SPF 68000 1137 1159.28 22.27 11.91 5710.19 0.5 0.038 0.038 0.045 0.035

Grand Ave - OreD 410.54 10-Y, 10500 1137.3 1144.46 7.16 7.98 1315.2 0.57 0.035
Grand Ave· OraD 410.54 100-Y, 41000 1137.3 1151.69 14.39 13.65 3003.06 0.69 0.035
Grand Ave - O,on 410.54 SPF 68000 1137.3 1157.01 19.71 15.48 4393.48 0.68 0.035

Grand Ave - Oroo 410.02 BndDe

Grand Ave - Oren 409.5 10-Y, 10500 1136.97 1144.22 7.25 7.82 1343.04 0.55 0.035
Grand Ave - Oren 409.5 100-Y, 41000 1136.97 1147.36 10.39 20.05 2045.23 1.19 0.035
Grand Ave - Droc 409.5 SPF 68000 1136.97 1151.15 14.18 23.02 2954 1.18 0.035

Grand Ave· Oroo 406.5 10-Y, 10500 1136 1143.42 7.42 6.62 1585.52 0.51 0.037 0.037
Grand Ave - Oron 406.5 100-Yr 41000 1136 1149.62 13.62 11.69 3508.46 0.62 0.037 0.037
Grand Ave - Oron 406.5 SPF 68000 1136 1153.32 17.32 14.38 4729.26 0.68 0.037 0.037

Grand Ave - OraD 402.5 10-Y, 10500 1136 1141.84 5.84 7.38 1422.73 0.6 0.036
Grand Ave· Oroo 402.5 100-Y, 41000 1136 1147.81 1'.81 12.32 3327.53 0.69 0.037
Grand Ave - Oreo 402.5 SPF 68000 1136 1151.4 15.4 14.97 4567.27 0.72 0.037 0.045

Grand Ave - OroD 395.5 10-Yr 10500 1133 1139.34 6.34 6.6 1589.9 0.53 0.037 0.037
Grand Ave - OreD 395.5 100-Y, 41000 1133 1145.42 12.42 11.17 3670.32 0.61 0.036 0.036

Grand Ave - O'OD 395.5 SPF 68000 1133 1148.96 15.96 13.73 4952.78 0.66 0.036 0.036

Grand Ave - 0'00 392 10-Y, 10500 1131 1138.82 7.82 4.92 2133.35 0.37 0.036
Grand Ave - OraD 392 100-Y, 41000 1131 1145.03 14.03 8.93 4590.09 0.47 0.037
Grand Ave· O,on 392 SPF 68000 1131 1148.74 17.74 11.07 6199.25 0.51 0.037 0.045

Grand Ave - OroD 388.5 l(}-Y' 10500 1131 1138.06 7.06 5.64 1861.69 0.45 0.036 0.036



HEC-RAS Plan· Desion N River. New River Reach: Grand Ave - Droo
Reach RiverSta Profile a Tolal Min Ch EI W.S. Etev Max Chi Doth Vel Chnl Flow Area Froude # Chi Mann Com Mann Wid Chnt Mann Wid Lei Mann Wid Rahl

cts f! It It IV5 sO f!
Grand Ave - DrOD 388.5 100-Yr 41000 1131 1143.98 12.98 9.78 4190.12 0.54 0.036 0.036
Grand Ave - DroD 388.5 SPF 68000 1131 1147.55 16.55 11.99 5728.63 0.57 0.036 0.036 0.045 0.045

Grand Ave - Oroa 384.5 10-Y, 10500 1130.5 1136.69 6.19 6.49 1616.67 0.56 0.036 0.036
Grand Ave - Dron 384.5 l00-Y, 41000 1130.5 1142.8 12.29 10.03 4089.38 0.56 0.036 0.036
Grand Ave - DrOD 384.5 SPF 68000 1130.5 1146.4 15.9 12.08 5678.19 0.59 0.036 0.036 0.045

Grand Ave - Oroa 379.75 10-Y, 10500 1129 1135.83 6.83 4.76 2206.55 0.36 0.037 0.037
Grand Ave - Droa 379.75 lOO-Y, 41000 1129 1142.06 13.06 8.44 4858.16 0.45 0.037 0.037
Grand Ave - DroD 379.75 SPF 68000 1129 1145.69 16.69 10.48 6542.97 0.49 0.037 0.037 0.045

Grand Ave - 0'00 376.75 10-Yr 10500 1128 1135.21 7.21 5.28 1989.15 0.42 0037 0.037
Grand Ave - 0'00 376.75 100-Y, 41000 1128 1141.33 13.33 8.91 4599.54 0.49 0.037 0.037
Grand Ave - D,oa 376.75 SPF 68000 1128 1144.95 16.94 10.85 6388.66 0.52 0.037 0.037 0.045 0.045

Grand Ave - DroD 373.75 10-Y, 10500 1127 1134.91 7.91 4.12 2549.56 0.31 0.036
Grand Ave - Droo 373.75 l00-Y, 41000 1127 1141.11 14.11 7.36 5573.97 0.39 0.036
Grand Ave - 0'00 373.75 SPF 68000 1127 1144.83 17.83 9.04 7703.84 0.42 0.036 0.045 0.045

Grand Ave - Dron 370.65 IO-Y, 10500 1126.5 1134.38 7.88 4.85 2165.42 0.4 0.036 0.036
Grand Ave - OroD 370.65 l00-Y, 41000 1126.5 1140.47 13.97 8.04 5098.63 0.44 0.036 0.036
Grand Ave - DroD 370.65 SPF 68000 1126.5 1144.12 17.62 9.75 7164.15 0.46 0.036 0.036 0.045 0.045

G",ndAvl>-'Elr<la·· . 365,4 -1·0-Y~ '10500··· ~·1~5,5-· -1-UZ.46 ·-6-:96' ·7'.32' 1433.49 0.67 0:0"3'1'
Grand Ave - Oroo 365.4 100-Y, 41000 1125.5 1138.36 1286 10.77 3806.18 0.63 0.035
Grand Ave· Droa 365.4 SPF 68000 1125.5 1142.1 16.6 12.25 5932.83 0.6 0.035 0.045 0.045

Grand Ave - DrOD 358.25 10·Y, 10500 1123 1130.32 7.32 6.35 1652.77 0.51 0.034 0.034
Grand Ave - Oroo 358.25 100-Y, 41000 1.123 1135.61 12.61 11.79 3485.59 0.66 0.034 0.034 0.045 0.045
Grand Ave - Droo 358.25 SPF 68000 1123 1139.02 16.02 14.26 5040.34 0.69 0.034 0.034 0.045 0.045

Grand Ave - Oroa 352.4 10-Y, 10500 1122 1127.1 5.1 8.92 1177.47 0.86 0.034 0.034
Grand Ave - Oron 352.4 100-Y, 41000 1122 113291 10.91 12.62 3249.41 0.74 0.034 0.034
Grand Ave· D'OD 352.4 SPF 68000 1122 1136.94 14.94 14.21 5005.97 0.7 0.034 0.034 0.045 0.03

Grand Ave - Draa 347.4 10-Y, 10500 1120.5 1125.27 4.77 7.08 1516.83 0.57 0.03 0.045 0.045
Grand Ave· Draa 347.4 100-Y, 41000 1120.5 1131.68 11.18 11.55 3734.35 0.61 0.03 0.045 0.045
Grand Ave - Oroa 347.4 SPF 68000 1120.5 1135.72 15.22 13.89 5202.76 0.63 0.03 0.045 0.045

Grand Ave - DroD 347.255 Bodoe

Grand Ave - Droa 347.1 lo-y, 10500 1120.4 1122.94 2.54 13.4 793.25 1.48 0.03 0.045 0.045
Grand Ave - Droa 347.1 100-Y, 41000 1120.4 1126.87 6.46 20.27 2083.76 1.4 0.03 0.045 0.045
Grand Ave - DroD 347.1 SPF 68000 1120.4 1129.6 9.2 23.43 3025.99 1.36 0.03 0.045 0.045

Grand Ave - Droo 346.8 10-Y, 10500 1119.92 1124.3 4.38 7.84 1338.76 0.68 0.03
Grand Ave - Droo 346.8 100-Y, 41000 1119.92 1130.61 10.69 11.91 3441.45 0.66 0.03
Grand Ave - D,on 346.8 SPF 68000 1119.92 1134.66 14.74 13.97 4868.71 0.67 0.03

Grand Ave - Oroo 346.4 lo-y, 10500 1119.8 1124.23 4.43 7.77 1382 0.65 0.03 0.045 0.045
Grand Ave • Draa 346.4 100-Y, 41000 1119.8 1130.41 10.6 12.42 3477.53 0.67 0.03 0.045 0.045
Grand Ave - Droo 346.4 SPF 68000 1119.8 1134.31 14.51 14.85 4872 0.69 0.03 0.045 0.045

Grand Ave - DrOD 345.95 Bodoe

Grand Ave - Oroa 345.5 10-Y, 10500 1119.4 1122.29 2.89 11.99 888.79 1.24 0.03 0.045 0.045
Grand Ave - 0'00 345.5 l00-Y, 41000 1119.4 1126.63 7.23 18.46 2301.36 1.21 0.03 0.045 0.045
Grand Ave - Droa 345.5 SPF 68000 1119.4 1129.63 10.23 21.41 3337.05 1.18 0.03 0.045 0.045

Grand Ave - DroD 343.7 10-Y, 10500 1117.62 1121.92 4.3 8.31 1264.04 0.75 0.03
Grand Ave - DrOD 343.7 10o-y, 41000 1117.62 1126.91 9.29 13.84 2962.68 0.83 0.03
Grand Ave - 0'00 343.7 SPF 68000 1117.62 1127.44 9.82 21.6 3148.15 1.26 0.03

Grand Ave - Droa 342 10-Y, 10500 1116.62 1121.21 4.59 7.76 1352.28 0.7 0.03
Grano Ave - OroD 342 100-Y, 41000 111662 1126.56 9.94 12.54 3269.42 0.74 0.03
Grand Ave - 0'00 342 SPF 68000 1116.62 1130.04 13.42 14.94 4550.54 0.75 0.03

Grand Ave - Droa 337 10-Y, 10500 1114.22 1119.17 4.95 7.22 1453.66 0.61 0.035
Grand Ave - D,oa 337 100-Y, 41000 1114.22 1124.69 10.47 12.21 3356.82 0.7 0.035
Grand Ave - DroD 337 SPF 68000 1114.22 1128.18 13.96 14.78 4601.39 0.73 0.035
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Grand Ave· Drop 4416 SPF 0.030 1142 116161 19.61
Grand Ave· Drop 441.6 SPF 0035 1142 1162.86 ·2086
Grand Ave· Drop 441.6 SPF 0.040 1142 1164.55 22.55
Grand Ave· Drop 441.6 SPF 0.045 1142 1165.62 23.62
Grand Ave - OraD 441.6 SPF 0.050 1142 1166.53 2453
Grand Ave· Oroo 441.6 SPF 0.055 1142 1168 26

Max Change-> 6.39
Grand Ave· Drop 424.17 SPF 0.03 1138 1160.66 2266
Grand Ave· Drop 424.17 SPF 0035 1136 1161.24 23.24
Grand Ave· Drop 424.17 SPF 004 1138 1162.7 24.7
Grand Ave· Drop 424.17 SPF 0045 1136 1163.38 25.36
Grand Ave· Drop 424.17 SPF 005 1136 11641 26 I
Grand Ave· Drop 424.17 SPF 0055 1138 1165.76 27.76

Max ChanQe::> 5.1
Grand Ave - Drop 388.5 SPF 0.03 1131 114624 15.24
Grand Ave· Drop 388.5 SPF 0035 1131 1147.34 16.34
Grand Ave· Droo 388.5 SPF 0.04 1131 114833 17.33
Grand Ave· Drop 388.5 SPF 0.045 1131 1149.14 18.14
Grand Ave· 0'00 388.5 SPF 0.05 1131 114994 18.94
Grand Ave· OraD 388.5 SPF 0.055 1131 1150.6 19.6

Max Change::::> 4.36
Grand Ave· Drop 358 25 SPF 0.03 1123 1138.35 15.35
Grand Ave· Drop 358.25 SPF 0035 1123 1139.31 16.31
Grand Ave· Drop 358.25 SPF 004 1123 1140.15 17.15
Grand Ave· Drop 358.25 SPF 0.045 1123 1141.64 18.64
Grand Ave· Drop 358.25 SPF 0.05 1123 114245 19.45
Grand Ave· oroo 358.25 SPF 0055 1123 1142.92 19.92

Max Change::> 4.57
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Grand Ave· Oro 441.6 100-Vr 0.030 1142 1156.39 14.39
Grand Ave - Oro 441.6 10D-Yr 0.035 1142 1157.65 15.65 1.26

~
Grand Ave· Oro 441.6 100-Vr 0.040 1142 1158.8 16.8 1.15 20·
Grand Ave - Dr 441.6 100·Yr 0.045 1142 115987 17.87 1.07
Grand Ave· Oro 441.6 100·Vr 0.050 1142 1160.84 18.84 0.97

......~
Grand Ave· Of 441.6 100-Yr 0.055 1142 1161.73 19.73 0.89 ---..-----

Max ChanQe= 5.34 18

~
Grand Ave . Oro 424.17 100-Yr 0.030 1138 1155.24 17 24
Grand Ave - Oro 424.17 100-Vr 0.035 1138 1155.82 17.82 0.58
Grand Ave . Oro 424.17 100-Yr 0040 1138 1158.52 18.52 0.7
Grand Ave - Oro 424.17 100-Vr 0.045 1138 1157.26 19.26 0.74
Grand Ave· Oro 424.17 100-Vr 0.050 1138 "58 20 0.74 16

Grand Ave· Oro 424.17 100·Vr 0.055 1138 1158.71 20.71 0.71 . - ~- . -_.... -,-
Mall Chance=- 3.47

Grand Ave· Oro 388.5 1DO-Yr 0.030 1131 1142.93 11.93
Grand Ave - Oro 388.5 100-Vr 14

.~: ..
0.035 1131 1143.81 12.81 0.88

Grand Ave - Oro 388.5 100·Yr 0.040 1131 "44.65 13.65 0.84 .- .-
Grand Ave· Oro 388.5 100-Vr 0.045 1131 1145.43 14.43 0.78

0-

-
Gran" Ave· Dr 388.5 100·Yr 0.050 113' 1146.13 15.13 0.7 -'
Grand Ave· Oro 388.5 100-Vr 0.055 1131 1146.8 158 0.67

]~MaxCtlance::. 3.87
Gran" Ave· Oro 358.25 100-Yr 0.030 1123 1134.98 11.98
Grand Ave· Or 358.25 100·Yr 0.035 1123 1135.8 12.8 0.82
Grand Ave· Oro 358.25 100-Vr 0.040 "23 113653 13.53 0.73
Grand Ave· Oro 358.25 100·Yr 0.045 '123 1137.21 ,4.2' 0.68
Grand Ave· Oro 358.25 100·Vr 0.050 "23 "3785 14.85 0.64 0.030 0.035 0040 0045 0.050 0.055 0.(

Grand Ave - Or 358.25 100-Yr 0.055 1'23 113844 15.44 0.59
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