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ROUGHNESS COEFFICIENT ESTIMATION




APPENDIX E.1.: ROUGHNESS COEFFICIENT ESTIMATION

. The Manning’s “n” value estimation is based upon an weighted average flow area
method adopted by the Flood Control District of Maricopa County. This method is
presented in a report by the U.S. Geological Survey entitled “Estimated Manning’s
Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County,
Arizona”,

After review of the draft report the FCD requested that the “n” values be adjusted as
follows:

1. If the “n” value is under 0.030 then it is not changed
2. If the “n” value is over 0.030 then it is to be rounded off to the nearest 0.005

The values which can be found in the following tables show the base “n” value developed
for each reach. The values in the HEC-RAS hydraulic models have been adjusted per
number 2 above.
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Unnamed Wash No. 1
(North of I-8)
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Main Wash - Looking Downstream
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Determination of Manning’s Roughness Coeﬁicients’CDMC Method

Project: Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channet Cross Section
Stream: Citrus Valley Wash (North) Reach A \ By X AL . Az \
Photograph No.:  6-(18-21), Misc. Supplemental Photos: LI ¥ I \ 20 \ ET-U T
Section Description:  Channel consists of gravel, L & ROB’s are firm soil T
CH vegetation of grass and small and medium brush, \ g 1 6!
LOB and ROB are vegetated with grass
Channel Conditions Manning’s n Adjustment | Left Overbank Main Channel Right Overbank
{left bank -A1) [ (center -A2) | (right bank -A3)
Area [ft"] 108 240 108
% {decimal] 0.24 0.53 0.24
Concrete 0.012-0.018
Rock Cut 0.025
Firm Soil no 0.025-0.032 0.029 0.028 0.028 0.029
Channe! Bed Material Fine Sand 0.023-.026
Coarse Sand 0.028-0.036
Gravel 0.028-0.035 0.030
Cobble 0.030-0.050
Boulder 0.040-0.070
Smeoth 0.000 0.000 0.000 0.000
Degree of [rregularity Minor ni 0.001-0.005 0.004 0.003
Moderate 0.006-0.010
Severe 0.011-0.020 :
Negligible 0.000-0.004 0.001 0.000 0.000 0.000 0.002
Effects of Obstructions Minor n2 0.005-0.015
Appraciable 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.006 0.004 0.005
Vegetation Medium n3 0.01-0.025 0.015 0.010
Large 0.025-0.050
Very Large (.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating (occasionally} n4 0.001-0.005 '
Channel Cross Section Alternating (frequently) 0.010-0.015
Sum (n0-n4) 0.047 0.034 0.041
X (% of Area) 0.011 0.018 0.010
Sum (left, right,center) 0.039
Minor 1 1.00 1.00 1.00
Degree ol Meandering Appreciable m 1.15
Severe 1.3
n={mn0+nl +n2+n3+ndim 0.036 0.039 0.036




Left Overbank - Looking Downstream

Unnamed Wash No. 1
Reach A

Main Wash - Looking Downstream

Right Overbank - Looking Downstream




Determination of Manning’s Roughness Coefficients by FCDMC Method

Project: Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channel Cross Section
Stream: Citrus Valley Wash Reach A X A\ —% Az t As 1
Photograph No.:  2-(17-20), Misc. Supplemental Photos: \S 20 Y4 [
Section Description:  Channel consists of gravel w/ some cobbles, L& R are \ 7‘? m
firm soil, CH vegetation of grass and small brush, . V= ) ‘
LOB and ROB are vegetated with grass
Channei Conditions Manning's n Adiustment | Left Overbank Main Channel Right Overbank
{left bank -A1) | (center -A2) | (right bank -A3)
Area fft?) 68 140 68
% [decimall 0.25 0.51 0.25
Concrete 0.012-0.018 .
Rock Cut 0.025
Firm Soil nQ 0.025-0.032 0.030 0.030 0.030 0.030
Channe! Bed Material Fine Sand 0.023-.028
Coarse Sand 0.026-0.036
Gravel 0.028-0.035 0.033
Cobbte 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000
Degree of lrreguiarity Minor ni 0.001-0.005 0.002 0.003
Moderate 0.006-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.002 0.000 0.000 0.000 0.000
Effects of Cbstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.002 0.010 0.002
Vegetation Medium n3 0.01-0.025 0.010 0.015
Large 0.025-0.050
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating (occasionally) n4 0.001-0.005
Channel! Cross Section Alternating {frequently) 0.010-0.015
Sum (nG-n4) 0.042 0.043 0.048
x (% of Area) 0.010 0.022 0.012
Sum {left, right,center) 0.044
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n={nd+nt+n2+n3+ndm 0.034 0.044 0.032




Left Qverbank - Looking Downstream (upper banch)

Unnamed Wash No, 1
Reach B




Determination of Manning’s Roughness Goefficients by FCDMC Method

Project:  Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Chamne! Cross Section
Stream:  Citrus Valley Wash Reach B N AV A L AZ
Photograph No.:  2-(13-18), Misc. Supplemental Photos: 2-12 v Y g
Section Description:  Channel consists of gravel, L & ROB’s are firm soil '
CH vegetation of grass and small and medium brush,
LOB and ROB are vegetated with medium brush Z
ROB is vegetated with small brush
Channel Conditions Manning's n Adjustment | Left Overbank Main Channel Right Overbank|
{left bank -A1) | (center -A2) |({right bank -A3)
Area [ft*] 24 48 24
% [decimal] 0.25 0.50 0.25
Concrete 0.012-0.018
Rock Cut 0.025
Firm Soil n0 0.025-0.032 0.030 0.030 0.030 0.028
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035 0.032
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000
Degree of Irregularity Minor n1 0.001-0.005 0.001 0.004 0.001
Moderate 0.006-C.01C 0.007
Severe 0.011-0.020
Negligible 0.000-0.004 0.004 0.004 0.004 0.000
Effects of Obstructions Minor nz 0.005-0.015 0.005
Appreciable 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.000
Vegetation Medium n3 0.01-0.025 0.012 0.010
Large 0.025-0.050 0.025 0.025
Very Large 0.050-0.100 .
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating {occasionally) n4 0.001-0.005
Channel! Cross Section Alternating (frequentiy) 0.010-0.015
Sum (n0-n4) 0.083 0.036 0.066
X (% of Area) 0.018 0.018 0.017
Sum {left, right,center) 0.050
Minor 1 1.00 1.00 1.00
Degree of Meandeting Appreciable m 1.15
Severe 1.3
n={nd+nt+n2+n3+ndm 0.048 0.050 0.039




Unnamed Wash No. 1
Reach C
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Left Overbank - Loaking Downstream Right Overbank - Looking Downstream



Determination of Manning’s Roughness Coefficients by FCDMC Method

Project:  Gila Bend Area Drainage Master Plan (FCD 89-18) Rough Sketch of Typical Channel Cross Section
Stream:  Citrus Vallfey Wash Reach C v By k2 . A3
Photograph No.:  2-(8-11), Misc. Supplemental Photos: ) X \ st 5 |\ Y t
Section Description:  CH consists of coarse sand, i. & ROB’s are fim soil W=
CH vegetation of grass and small and medium brush, S | .& 3!
LOB and ROB are vegetated with grass and small brush z
Channel Conditions Manning’s n Adjustment | Left Overbank Main Channel Right Overbank
(left bank -A1) | (center-A2) |(right bank -A3)
Area [ft] 25 25 25
% [decimal} 0.33 0.33 0.33
Concrete 0.012-0.018
Rock Cut 0.025
Firm Sail no 0.025-0.032 0.027 0.026 0.027 0.028
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.038 0.028
Gravel 0.028-0.035
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000
Degree of Irregularity Minor ni 0.001-0.005 0.004 0.003
Moderate 0.006-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.002 0.00¢ 0.000 0.000 0.000
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Smali 0.002-0.010 0.008 0.000 0.005
Vegetation Medium n3 0.01-0.025
Large 0.025-0.050 0.025 0.030
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000
Variations in the Altemating (occasionally) n4 0.001-0.005 0.002 0.002
Channel Cross Section Altemating (frequently) 0.010-0.015
Sum (n0-n4) 0.055 0.028 0.060
X (% of Area) 0.018 0.008 0.020
Sum {left, right,center) 0.048
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n=(nd+nl+n2+n3+ndm 0.039 0.048 0.035




Sauceda Wash (North of I-8)
Reach A

{ - * ‘\ . o -ty
Main Wash - Bed Material
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Left Overbank - Looking Downstream




Determination of Manning's Roughness Coefficients by FCDMC Method

Project: Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channel Cross Section
Stream: Sauceda Wash (North) Reach A ) Ay . e . XN
Photograph No..  6-(13,15-17), Misc. Supplemental Photos: ¥ 20% ' %t T o' b
Section Description:  CH consists of gravel, L. & ROB's are firm soil T 7T 5 . n
CH vegetation of grass and small and medium brush, ' (5
w/ a few trees, LOB and ROB is vegetated with small
and medium brush
Channel Conditions Manning's n Adjustment | Left Overbank Main Channel Right Overbanik
(left bank -A1) | (center -A2) |{right bank -A3)
Area [it'] 32 450 32
% [decimal] 0.06 0.88 0.06
Concrete 0.012-0.018
Rock Cut 0.025
Firm Sail n0 0.025-0.032 0.027 0.027 0.027 0.028
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035 0.031
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000
Degree of rregularity Minor M 0.001-0.005 0.003 0.003
Moderate 0.006-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.000 0.000 0.000 0.000 0.000
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.008 0.000 0.006
Vegetation Medium n3 0.01-0.025
Large 0.025-0.050 0.060 0.050
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000
Variations in the Alternating (occasionaly) n4 0.001-0.005 0.002 0.002
Channel Cross Section Alternating (frequently) 0.010-0.015
Sum (n0-n4) 0.090 0.031 0.080
¥ (% of Area) 0.006 0.027 0.005
Sum (left, right,center) 0.038
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1,15
Severe 1.3
n=(n0 *ni+N2+nN3+n4m 0.037_ 0.038 0.036




Sauceda Wash (North of I-8)
Reach B

Right Overbank - Looking Upstream




Determination of Manning's Roughness Coefficients by FCDMC Method

Project.  Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channei Cross Section
Stream:  Sauceda Wash (North) Reach B L A, D . bz .
Photograph No.:  6-(12,14,18-17), Misc. Suppfemental Photos: ' 2o} ' Q0" ¥ 2ot '
Section Description:  CH consists of gravel, L & ROB's are firm soil 1= 1
CH vegetation of grass and small brush, c! | Y
LOB and ROB are vegetated with grass and small brush ! \5
Channel Conditions Manning's n Adjustment | Left Overbank Main Channel Right Overbank
{left bank -A1) | (center -A2) |(right bank -A3})
Area [ft'] 32 450 32
% {decimai] 0.08 0.88 0.08
Concrete 0.012-0.018
Rock Cut 0.025
Firm Soii no 0.025-0.032 0.027 0.027 0.027 0.028
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Grave! 0.028-0.035 0.031
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000
Degree of Irreguiarity Minor n1 0.001-0.005 0.005 0.005
Moderate 0.008-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.000 0.000 0.000 0.000 0.000
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.005 0.000 0.004
Vegetation Medium n3 0.01-0.025
Large 0.025-0.050 0.050 0.050
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating (occasionally) n4 0.001-0.005
Channe! Cross Section Alternating (frequently) 0.010-0.015
Sum (h0-nd) 0.082 0.031 0.082
X (% of Area) 0.005 0.027 0.005
Sum {ieft, rig{\t,center) 0.037
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n={nt+n1+n2+n3+ndm 0.032 0.037 0.032




Sauceda Wash
Reach A

Main Wash - Bed Material
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Determination of Manning's Roughness Coefficients by FCDMC Method

Project.  Gila Bend Area Drainage Master Plan (FCD 99-18) Roug_;h Sketch of Typical Channel Cross Section
Stream:  Sauceda Wash Reach A Ay ko , 3
Photograph No.:  2-(4-7), Misc. Supplemental Photos: 2o o' 3 70!
Section Deseription:  CH consists of gravel w/cobbles, L & ROB's are firm soil S \} .
CH vegetation of small and medium brush w/ few trees, 5 l_“ /A\/—I'-\/_
LOB is vegetated with grass and small brush 3
ROB is barren
Channe! Conditions Manning's n Adjustment | Left Overbank Main Channel Right Overbank
{left bank -A1) | {(center -A2) [(right bank -A3)
Area [ft'] 44 300 44
% [decimal] 0.11 0.77 0.11
Congcrete 0.012-0.018
Rock Cut 0.025
Firm Soil nd 0.025-0.032 0.028 0.027 0.027 0.028
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035 0.035
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000
Degree of Irregularity Minor ni 0.001-0.005 0.005 0.004
Moderate 0.006-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.002 0.000 0.000 0.000 0.002
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.008 0.000 0.000
Vegetation Medium n3 0.01-0.025
Large 0.025-0.050 0.075 0.075
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating (occasionally) n4 0.001-0.005
Channel Cross Section Alternating (frequently) 0.010-0.015
Sum (n0-n) 0.107 0.035 0.106
% (% of Area) 0.012 0.027 0.012
Sum (left, right,center) 0.051
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n={n0+n1+n2+n3+ndm 0.036 0.051 0.030




e =l o stk -

Left Overbank - Looking Downstream

Sauceda Wash
Reach B
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Main Wash - Looking Downstream

Rigﬁt Overbank - Looklné Pownstream




Determination of Manning's Roughness Coefficients by FCDMC Method

Project.  Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channel Cross Section
Stream: Sauceda Wash Reach B An A2 ., Bz -
Photograph No.:  2-(1-3), 3-27, Misc. Supplemental Photos: %o ¢ 5;‘* 20 L
Section Description:  CH consists of gravel, L & ROB's are firm soil e ———— - T
CH vegetation of small and medium brush w/ few trees 1{% [(]‘ﬂ/
LOB is vegetated with grass and small brush- 2
RCB is vegetated with grass
Channel Conditions B B Manning's n Adjustment | Left Overbank Main Channel Right Overbank|
{left bank -A1) | (center-A2} |{right bank -A3)
Area [ft'] 74 385 74
% [decimal] .14 0.72 0.14
Concrete 0.012-0.018
Rock Cut 0.025
Firm Soil no 0.025-0.032 0.030 0.028 0.028 0.030
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.038
Gravel 0.028-0.035 0.031
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000
Degree of Irregularity Minor ni 0.001-0.005 0.004 0.003
Moderate 0.006-0.010
Severe 0.011-0.020 .
Negligible 0.000-0.004 0.003 0.000 0.000 0.000 0.002
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.080
Small 0.002-0.010 0.000
Vegetation Medium n3 0.01-0.025 0.010 0.012
Large 0.025-0.050 0.075 0.075
Very Large 0.050-0.100
Graduai 0.000 0.000 0.000 0.000
Variations in the Alternating {occasionally) n4d 0.001-0.005 0.002 : 0.002
Channel Cross Section Alternating (frequently) 0.010-0.015
Sum (n0-n4) 0.107 0.031 0.108
x (% of Area) 0.015 0.022 0.015
Sum (left, right,center) 0.052
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n=(n0 + N1+ N2 + N3 + n4)m 0.045 0.052 0.046




Sauceda Wash
Reach C
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Left Overbank - L;:ol;ing Downstream




Determination of Manning's Roughness Coefficients by FCDMC Method

Project:  Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channel Cross Section
Stream: Sauceda Wash Reach C ] [ N Av ,  Us ;
Photograph No..  3-(23-26), Misc. Supplemental Photos: 28 7 i z5 .
Section Description:  CH consists of gravel, L. & ROB's are firm soil w/cobbles \ ‘3_1%‘ l I
CH vegetation of small and medium brush w/ few trees 1
LOB is vegetated with grass and small brush
ROB is vegetated with grass and smail brush
Channel Conditions ~ E Manning's n Adjustment | Left Overbank Main Channel Right Overbank
(left bank -A1) | {center-A2) [{right bank -A3)
Area [ft’] 99 218 89
% [decimal] 0.24 0.52 0.24
Concrete 0.012-0.018
Rock Cut 0.025
Firm Soil no 0.025-0.032 0.030 0.028 0.028 0.032
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035 0.032
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000
Degree of liregularity Minor n1 0.001-0.005 0.005
Moderate 0.008-0.010 0.008
Severe 0.011-0.020
Negligible 0.000-0.004 0.000 0.003 0.003 0.000
Effects of Obstructions Minor n2 0.005-0.015 0.010
Appreciable 0.020-0.030
Severe 0.040-0.060
Smali 0.002-0.010 0.005 0.000 0.010
Vegetation Medium n3 0.01-0.025
Large 0.025-0.050 0.050 0.040
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating {cccasionally) n4 0.001-0.005
Channel Cross Section Alternating (frequently) 0.010-0.015
Sum (no-nd) 0.086 0.042 0.079
x (% of Area} 0.021 0.022 0.019
Sum (left, right,center) 0.061
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
N =(n0 + N1 + N2 + N3 + n4)m 0.035 0.061 0.042




Southern Pacific Railroad
Reach A

\_w‘.»g %

'Main Wash - Bed Mateial

Left Overbank - N/A




Project:

Stream:
Photograph No.:
Section Description:

Determination of Manning’s Roughness Coefficients by FCDMC Method

Gila Bend Area Dralnage Master Plan (FCD 99-18)
Southern Pacific Railroad Reach A

7-(22,14-15)
CH & ROB are fitm soil
CH vegetation of small brush

ROB is vegetated with grass and small brush

. .Rough Sketch of Tg_i‘cal Channel Cross Section
3 50 Z

Channel Conditions Manning's n Adjustment | Left Overbank Main Channel Right Overbank
{left bank -A1) | {(center -A2) |(right bank -A3)
Area [ft*] 40 100 40
% [decimal] Q.22 0.56 0.22
- Concrete 0.012-0.018
Rock Cut 0.025
Firm Soil no 0.025-0.032 0.032 0.032 0.032 0.030
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000
Degree of irregularity Miner ni 0.001-0.008 0.002 0.002 0.002
Moderate 0.006-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.000 0.000 0.000 0.000 0.000
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.005
Vegetation Medium n3 0.01-0.025 0.010 0.010 0.010
Large 0.025-0.060
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating {occasionally) n4 0.001-0.005 )
Channe! Cross Section Alternating (frequently) 0.010-0.015
Sum {nC-n4) 0.044 0.044 0.044
X (% of Area) 0.010 0.024 0.010
Sum {left, right center) 0.044
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n=(n0+n1+n2+n3+n4m 0.000 0.044 0.035




Unnamed Wash No. 6
Reach A

Main Channel - Looking Downstream




Determination of Manning's Roughness Coefficients by FCDMC Method

Project:  Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Tgical Chann$ gross Section
Stream: West Quilotosa Wash Reach A S \ —y
Photograph No.: oot ¢ Asol ool
Section Description:  CH consists of firm soil w/gravel
L & ROB are firm soil
Ch vegetation is grass with few small brush
L & ROB vegetation is grass w/small and med. brush
Channet Conditions Manning’s n Adjustment | Left Overbank Main Channel Right Overbank]
(left bank -At) | (center -A2) |(right bank -A3)
Area [{t]] 300 400 300
% [decimal] 0.30 0.40 0.30
Concrete 0.012-0.018
Hock Cut 0.025
Firm Scil no (.025-0.032 0.028 0.028 0.028 0.028 0.028
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000 0.000 0.000
Degree of Irregularity Minor ni 0.001-6.005
Moderate 0.008-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.002 0.002 0.003
Effects of Obstructions Minor n2 0.005-6.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Smalt 0.002-0.010 0.005 0.007
Vegetaticn Medium n3 0.01-0.025 0.015 0.015 0.015
Large 0.025-0.050
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.060 0.000
Variations in the Altemating {(occasionally) n4 0.001-0.005
Channel Cross Section Alternating {frequently) 0.010-0.015
Sum (n0-n4) 0.045 0.045 0.045
X (% of Area) 0.014 0.018 0.014
Sum (left, right center) 0.045 .
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n={nd+ni+n2+n3+ndm 0.033 0.045 0.035




Unnamed Wash No. 6
Reach B

Main Channel - Bed Material

e

.

Downstream
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nk - Looking Downstream

Left Overba Right Overbank - Looking




Determination of Manning’s Roughness Coeﬁici.ay FCDMC Method

Project:  Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channel Cross Section
Stream: West Quilotosa Wash Reach B L A ] Az . A 3 ‘
Photograph No.:  8-(13-18} loo! 1 joo! \ joo!  \
Section Description: CH, L & ROB’s are firm soil
CH vegetation of small & medium brush w/ew trees, \ 4‘ = __/(
LOB is vegetated with small and medium brush To0o
ROB is vegetated with small brush
Channel Conditions Manning's n Adjustrment | Left Overbank Main Channel Right Overbank
(loft bank -A1) | (center -A2) |(right bank -A3)
Area [ft") 375 400 375
% [decimal} 0.33 0.35 0.33
Concrete 0.012-0.018
Rock Cut 0.025
Firm Soil ng 0.025-0.032 0.028 (.028 0.028 0.028 0.028
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000 0.000 0.000
Degree of lrregularity Minor ni 0.001-0.005 '
Moderate 0.006-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.002 0.002 0.002
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-6.030
Severe 0.040-0.060
Small 0.002-0.010
Vegetation Medium n3 0.01-0.025 0.010 0.013
Large 0.025-0.050 0.025 0.025 0.025
Very Large 0.050-0.100
Gradual 0.000 0.060 0.000 0.000 0.000 0.000
Variations in the Alternating (occasionally) n4 0.001-0.005
Channel Cross Section Alternating (frequently) 0.010-0.015
Sum (n0-n4) 0.055 0.055 0.085
X {% of Area) 0.018 0.019 0.018
Sum (left, right,center) 0.065
Minor 1 1.00 1.00 1.00
Degree of Meandeting Appreciable m 1.15
Severe 1.3
n=(n0+nl+n2+n3+ndm 0.038 0.055 0.041




Unnamed Wash No. 6
Reach C

Left Overbank - Looking Downstream

Right Overbank - Looking Downstream




Determination of Manning’s Roughness Coeffici

by FCDMC Methoc

Project:  Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Skeich of Typical Channel Cross Section
Stream: West Quilotosa Wash Reach C v Al v A A3
Photograph No.:  8-(8-12) ) So ! T g0’ | SO 7
Section Dascription:  CH, L & ROB’s are firm soil
CH vegetation of small & medium brush w/few trees, 3’ = 4
LOB is vegetated with small and medium brush ‘oo
ROB is vegetated with small brush
Channel Conditions Manning's n Adjustment | Left Overbank Main Channel Right Overhank]
(left bank -A1) | (center -A2) |{right bank -A3)
Area [f] 125 150 125
% [decimal] 0.31 0.38 0.31
Concrete 0.012-0.018
Rock Cut 0.025
Firm Soil n0 0.025-0.032 0.028 0.028 0.028 0.028 0.028
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel .028-0.035
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000 0.000 0.000
Degree of Irregularity Minor ni 0.001-0.005
Moderate 0.006-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.000 0.000 0.004 0.000 0.000
Effects of Obstructions Minor na 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.660
Small 0.002-0.010 0.004 0.004
Vegetation Medium n3 0.01-0.025 0.025 0.020 0.025
Large 0.025-0.050
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating (occasionally) n4 0.001-0.005
Channel Cross Section Alternating (frequently) 0.010-0.015
Sum {n0-n4) 0.053 0.052 0.053
X {% of Area) 0.017 0.020 0.017
Sum (left, right,center) 0.053
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n={(n0+n1+n2+n3+n4m 0.032 0.053 0.032




Left Overbank - Looking Downstream

Quilotosa Wash (North of 1-8)
Reach A

-

Right Overbank -

Looking

Downstream




Project:

Stream:

Photograph No.:
Section Description:

Determination of Manning's Roughness Coefficients by FCDMC Method

Gila Bend Area Drainage Master Plan (FCD 99-18)

Quilotosa Wash (North) Reach A
6-{7,9-11), Misc. Supplemental Photos:
CH consists of gravel, L & ROB's are firm soil

CH vegetation of grass,small & medium brush w/ few trees

LOB and ROB are vegetated with small & medium brush

Rough Sketch of Typical Channel Cross Section
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Channel Conditions Manning's n Adjustment | Left Overbank Main Channel Right Overbank|
(left bank -A1) | (center -A2) |j(right bank -A3)
Area [ft) 58 240 58
% [decimal] 0.16 0.67 0.16
Concrete 0.012-0.018
Rock Cut 0.025
Firm Soil nd 0.025-0.032 0.028 0.028 0.028 0.028
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035 0.030
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000 0.000 0.000
Degree of lrregularity Minor n1 0.001-0.005
Moderate 0.006-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.000 0.000 0.000 0.000 0.000
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.005 £.000 0.004
Vegetation Medium n3 0.01-0.025
Large 0.025-0.050
Very Large 0.050-0.100 0.070 0.065
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating (occasionally) n4 0.001-0.005
Channet Cross Section Alternating (frequently) 0.010-0.015
Sum (n0Q-nd) 0.098 0.030 0.093
x (% of Area) 0.016 0.020 0.015
Sum (left, right.center) 0.051
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.18
Severe 1.3
n=(n0 +n1+n2+n3+n4m 0.053 0.051 0.032




Main Wash - Bed Material

Left Overbank - Looking Upstream

Quilotosa Wash (North of 1-8)
Reach B

Right Overbank

Main Wash - Looking Upstream

- Looking Upstream




Determination of Manning's Roughness Coefficients by FCOMC Method

Project  Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channel Cross Section
Stream: Quilotosa Wash (North) Reach B [ X9 , A3 )
Photograph No.:  6-(6,8,10-11), Misc. Supplemental Photos: T 55 A e 5
Section Description:  CH consists of gravel, L & ROB's are firm soil - . ' t
CH vegetation of grass, small & medium brush 104 \ %
LOB vegetated with grass and small brush 3
ROB is vegetated with grass and small brush
Channel Conditions B B Manning's n Adjustment | Left Overbank Main Channel Right Overbank
{left bank -A1) | (center-A2) {(right bank -A3)
Area [ft"] 57 240 57
% [decimal] 0.16 0.68 0.16
Concrate 0.012-0.018
Rock Cut 0.025
Firm Soil n0 0.025-0.032 0.027 0.027 0.027 0.027
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035 0.031
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000
Degree of Irregularity Minor n1 0.001-0.005 0.003 0.003
Moderate 0.006-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 C.000 0.000 0.000 0.000 0.000
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.080
Small 0.002-0.010 0.003 0.000 0.004
Vegetation Medium n3 0.01-0.025 0.020 0.025
Large 0.025-0.050
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Aiternating {occasionally) nd 0.001-0.005
Channe! Cross Section Alternating (frequently) 0.010-0.015
Sum (n0-n4) 0.050 0.031 0.055
x {% of Area) 0.008 0.021 0.008
Sum (left, right,center) 0.038
Minor 1 1.00 1.60 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n=(n0+ni+n2+n3+ndm 0.030 0.038 0.031




Quilotosa Wash
Reach A
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Project;

Stream:

Photograph No.:
Section Description:

Determination of Manning's Roughness Coefficients by FCODMC Method

Gila Bend Area Drainage Master Plan (FCD 99-18)

Quilotosa Wash Reach B

3-(19-22), Misc. Supplemental Photos:

CH consists of gravel, L & ROB's are firm soil wicobbles
CH vegetation of medium brush and a few trees
LOB and ROB are vegetated with grass and small brush

Rough Sketch of Typical Channe! Cross Section
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Channel Conditions Manning's n Adjustment | Left Overbank Main Channel Right Overbank
(left bank -A1) | (center-A2) i(right bank -A3)
Area [ft’] 199 320 199
% [decimal| 0.28 0.45 0.28
. Concrete 0.012-0.018
Rock Cut 0.025
_Firm Soil n0 0.025-0.032 0.030 0.028 0.028 0.030
Channel Bed Material Fine Sand 0.023-.026
Coarge Sand 0.026-0.036
Gravel 0.028-0.035 0.031
Cobble 0.030-0.050
qulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000
Degree of Irregularity Minor n 0.001-0.005 0.004 0.003
Moderate 0.008-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.000 0.000 0.000 0.000 0.000
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.005 0.000 0.005
Vegetation Medium n3 0.01-0.025
Large 0.025-0.050 0.060 0.060
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating {occasionally) n4 0.001-0.005
Channel Cross Section Alternating (frequently) 0.010-0.015
Sum (n0-nd) 0.092 0.031 0.091
% (% of Area) 0.025 0.014 0.025
Sum (left, right,center) 0.065
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3 _ -  ——
n=(n0+n1+n2+n3+ndm 0.035 0.085 0.035




Determination of Manning's Roughness Coefficients by FCDMC Method

Project.  Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channel Cross Section
Stream: Quilotosa Wash Reach A . B LD . by
Photograph No.:  3-(15-18), Misc. Supplemental Photos: =2 Az 25
Section Description:  CH consists of gravel w/cobbles, L & ROB's are firm soil ‘
CH vegetation of grass and small brush w/ few trees \‘f \ \Q
LOB is lightly vegetated with small brush z
ROB is lightly vetetated with grass
Channel Conditions - Manning's n Adjustment | Left Overbank Main Channel ﬁight Overbank
(left bank -A1) | (center -A2) |({right bank -A3)
Area [ft] 125 660 125
% [decimall 0.14 0.73 0.14
Concrete 0.012-0.018
Rock Cut 0.025
Firm Soli nG 0.025-6.032 0.028 0.028 0.029 0.030
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035 0.034
Cobble 0.030-0.080 _
Boulder 0.040-0.070
Smocth 0.000 0.000 0.000 0.000
Degree of lrregularity Minor n1 0.001-0.005 0.005 0.003
Moderate 0.008-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.000 0.000 0.000 0.000 0.000
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.080
Small 0.002-0.010 0.002 0.002 0.002
Vegetation Medium n3 0.01-0.025 0.025 0.025
Large 0.025-0.050
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000
Variations in the Aiternating (occasionally) n4 0.001-0.005 0.002 0,002
Channe| Cross Section Alternating (frequently) 0.010-0.015
Sum (n0-n4) 0.058 0.036 0.057
X (% of Area) 0.008 0.026 0.008
Sum (left, right,center) 0.042
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n=(nd+n1+n2+n3+nd)m 0.032 0.042 0.034




Quilotosa Wash
Reach C




Project:

Stream:
Photograph No.:
Section Description:

Determination of Manning's Roughness Coefficients by FCOMC Method

Gila Bend Area Drainage Master Plan (FCD 95-18)

Quilotosa Wash Reach C

3-(11-14), Misc. Supplemental Photos:

CH consists of gravel, L & ROB's are firm soll w/cobbles
CH vegetation of small and medium brush w/few trees
LOB and ROB are vegetated with grass and small brush

Rough Sketch of Typical Channel Cross Section
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Channel Conditions Manning's n Adjustment | Left Overbank Main Channel Right Overbank
{left bank -A1) | {center -A2} (g‘ght bark -A3)
Area [ft] 54 138 54
% {decimal] ‘ 0.22 0.56 0,22
Concrete 0.012-0.018
Rock Cut 0.025
Firm Seil n0 0.025-0.032 0.029 0.029 0.028 0.028
Channel Bed Material Fine Sand 0.023-.028
Coarse Sand 0.026-0.036
Gravel 0.028-0.035 0.032
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000 0.000
Degree of liregularity Minor n1 0.001-0.005 0.005 0.003
Moderate 0.006-0.010
Severe 0.011-0.020
Negligible 0.000-0.004 0.000 0.600 0.000 0.000 0.000
Effects of Obstructions Minor n2 0.005-0.015
Appreciahle 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.004 0.000 0.003
Vegetation Medium n3 0.01-0.025
Large 0.025-0.050 0.040 0.050
Very Large 0.060-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Variations in the Alternating {occasionally) n4 0.001-0.005
Channel Cross Section Alternating (frequently) 0.010-0.015
Sum (nO-nd) 0.074 0.032 0.081
X (% of Area) 0.016 0.018 0.018
Sum (left, right,center) 0.052
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 13
n={n0+n1+n2+n3+ndm 0.033 0.052 0.031




Main Channel - Looking Upstream

Gila Bend Canal
Reach A




Determination of Manning’s Roughness Coefficients by FCDMC Method

Project: Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channel Cross Section
Stream: Gila Bend Canal Reach A L By BT A=\ ¢B.C
Photograph No.:  7-(19-22) S Z5 o i
Section Description: CH & LOB’s are firm soil o Z‘ = % f
CH vegetation of grass and small brush 5oY- i
LOB is vegetated with small and medium brush
Channel Conditions Manning’s n Adjustment | Left Overbank Main Channel Right Overbany
(left bank -A1) [ (center -A2) j(right bank -A3)
Area [f] 25 50 10
% [decimal] 0.29 0.59 0.12
Concrete 0.012-0.018
Rock Cut 0.025
Firm Soil nQ 0.025-0.032 0.030 0.032 0.080 0.028
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036
Gravel 0.028-0.035
Cobble 0.030-0.050
Boulder 0.040-0.070
Smooth 0.000 0.000 0.000
Degree of Irregqularity Minor n1 0.001-0.005 0.003
Moderate 0.006-0.010 0.008
Severe 0.011-0.020
Negligible 0.000-0.004 0.000 0.000 0.000 0.000
Effects of Obstructions Minor n2 0.005-0.015
Appreciable 0.020-0.030
Severe 0.040-0.060
Small 0.002-0.010 0.008 0.006 0.002 0.000
Vegetation Medium n3 0.01-0.025
Large 0.025-0.050
Very Large 0.050-0.100
Gradual 0.000 0.000 0.000 0.000 0.000 0.000
Varations in the Altemating {occasionally) n4 0.001-0.005
Channel Cross Section Alternating (frequently) 0.010-0.015
Sum {n0-n4) 0.041 0.032 0.028
X {% of Area) 0.012 0.019 0.003
Sum {left, right,center) 0.034
Minor 1 1.00 1.00 1.00
Degree of Meandering Appreciable m 1.15
Severe 1.3
n=(n0+n1+n2+n3+nd)m 0.044 0.034 0.000




Unnamed Wash No. 2
Reach A




Determination of Manning's Roughness Coefficients by FCOMC Method

Project:  Gila Bend Area Drainage Master Plan (FCD 99-18) Rough Sketch of Typical Channel Cross Section
Stream:  Unnamed Wash No. 2 Reach A by Ay , by
Photograph No.:  4-(17-19), Misc. Supplemental Photos: —— 10 20
Section Description:  CH consists of sand and gravel, L & ROB's are firm soil

CH vegetation of medium brush and large brush w/few trees

LOB and ROB are vegetated with small & medium brush |

Channel Conditions Manning's n Adjustment | Left Overbank Main Channel Right Overbank
(left bank -A1) | (center -A2) | (right bank -A3)
Area [ft'] 92 650 92
% [decimal] 0.11 0.78 0.11
Concrete 0.012-0.018
Rock Cut 0.025
_Firm Soil no 0.025-0.032 0.028 0.029 0.030 0.030
Channel Bed Material Fine Sand 0.023-.026
Coarse Sand 0.026-0.036 0.030
Gravel 0.028-0.035
Cobble 0.030-0.050
Boulder 0.040-0.070Q
Smooth 0.000 0.000 0.000 0.000
Degree of Irregularity Minor ni 0.001-0.005
Modera