TECHNICAL DATA NOTEBOOK

Garefree, Arizona

Prepared by

‘ CH2MHILL
-

2625 South Plaza Drive, Suite 300
Tempe, Arizona 85282-3397

September 2003

W042003002PHX_03




Property of
Flood Control Diistrict of MC Library
Please Return to e
2801 W. Durango ’

Phoeni ES 0P
““Ffnal Report

| Volume II of ITI
Carefree Drainage Master Plan

Floodplain Delineation Study
Technical Data Notebook

Appendices E-G

Prepared for

Flood Control District of Maricopa County

2801 West Durango Street
Phoenix, AZ 85009

In Cooperation with

The Town of Carefree

May 2004

Prepared in partnership with

JE Fuller Hydrology and Geomorphology
HDR, Inc.

Logan Simpson Design

CH2MHILL

2625 South Plaza Drive
Suite 300

Tempe, AZ 85282-3375
Tel. 480-966-8188

Fax 480-966-9450




Final Report

Volume II of I11
Carefree Drainage Master Plan
Floodplain Delineation Study

Technical Data Notebook

Appendices E-G

Submitted to

Flood Control District of Maricopa County

May 2004

CH2MHILL




J
o

Picture 167: Galloway Wash Middle Branch, Looking Upstream (east)

N Value Distribution for Galloway Wash Middle Branch

Minimally High Standing

Smooth Normal Vegetated Vegetated Vegetated Vegetation

Value Channel  Channel Channel Overbanks Overbanks Overbanks
Matenal NO 0.020 0.020 0.020 0.020 0.020 0.020
Degree of Iregularities N1 0.005 0005 0005 0005 0.005 0.005
Vanation in Cross Section N2 0.000 0.000 0.000 0.000 0.000 0.005
Obstructions N3 0.000 0.000 0.000 0002 0.000 0.000
Vegetation N4 0.000 0.003 0.010 0.005 0.015 0.028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.025 0.028 0035 0032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:
N =(NO + N1+ N2+ N3+ N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL

N1 =VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL

N3 = VALUE FOR OBSTRUCTIONS
N4 = VALUE FOR VEGETATION AND FLOW CONDITION
M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 173: Galloway Wash Middle Branch, Looking Upstream (north)

N Value Distribution for Galloway Wash Middle Branch

Minimally High Standing

Smooth Normal  Vegetated Vegetated Vegetated Vegetation

Value Channel Channel Channel Overbanks Overbanks Overbanks
Matenal NO 0.020 0020 0.020 0020 0.020 0.020
Degree of Iregulanties N1 0005 0.005 0005 0.005 0.005 0.005
Vanation in Cross Section N2 0.000 0000 0.000 0.000 0.000 0.005
Obstructions N3 0000 0.000 0 000 0.002 0.000 0.000
Vegetation N4 0000 0003 0010 0.005 0.015 0.028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0025 0028 0.035 0.032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO + N1+ N2 + N3 + N4)*"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 =VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 181. Galloway Wash Middle Branch, Looking Upstream (east)

NOTES

N Value Distribution for Galloway Wash Middle Branch

Minimally High Standing
Smooth Normal  Vegetated Vegetated Vegetated  Vegetation
Value Channel  Channel Channel  Overbanks Overbanks  Overbanks |
‘ Matenal NO 0020 0.020 0.020 0020 0.020 0020 = 3 —
Degree of Imegulanties N1 0.005 0.005 0.005 0.005 0005 0005
Vanation in Cross Section N2 0.000 0.000 0.000 0.000 0.000 0.005
Obstructions N3 0000 0.000 0.000 0.002 0000 0000
Vegetation N4 0000 0.003 0010 0005 0.015 0028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0025 0.028 0.035 0.032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N = (NO + N1 + N2 + N3 + N4)"M5 —— L

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL N

N1 = VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL

N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL —7m
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Picture 165: Galloway Wash Middle Branch, Looking Upstream (east)

N Value Distribution for Galloway Wash Middle Branch

Minimally High Standing

Smooth Normal Vegetated Vegetated Vegetated Vegetation

Value Channel Channel Channel Overbanks Overbanks Overbanks
Material NO 0.020 0.020 0.020 0.020 0.020 0.020
Degree of Iregulanties N1 0.005 0.005 0005 0.005 0005 0.005
Vanation in Cross Section N2 0.000 0.000 0 000 0 000 0.000 0005
Obstructions N3 0.000 0000 0.000 0.002 0.000 0.000
Vegetation N4 0.000 0003 0010 0.005 0015 0028
Meandering M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.025 0.028 0035 0.032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO + N1+ N2 + N3 + N4)*"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1=VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 171: Galloway Wash Middle Branch Tributary, Looking Upstream (east)

N Value Distribution for Galloway Wash Middle Branch

Minimally High Standing

Smooth Normal = Vegetated Vegetated Vegetated Vegetation

Value Channel Channel Channel  Overbanks Overbanks Overbanks
Matenal NO 0.020 0.020 0.020 0.020 0.020 0.020
Degree of Imegularities N1 0005 0.005 0.005 0005 0.005 0.005
Vanation in Cross Section N2 0.000 0.000 0.000 0.000 0.000 0.005
Obstructions N3 0000 0.000 0.000 0.002 0.000 0.000
Vegetation N4 0000 | 0003 0.010 0005 0.015 0.028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.025 0.028 0.035 0032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N=(NO+ N1+ N2+ N3+ N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 =VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 160: Galloway Wash Middle Branch, Looking Upstream (east)

N Value Distribution for Galloway Wash Middle Branch

Minimally High Standing

Smooth Normal  Vegetated Vegetated Vegetated Vegetation

Value Channel Channel Channel Overbanks Overbanks Overbanks
Matenal NQ 0.020 0.020 0.020 0020 0.020 0.020
Degree of Imegulanties N1 0.005 0.005 0.005 0005 0.005 0.005
Varnation in Cross Section N2 0.000 0000 0.000 0.000 0.000 0.005
Obstructions N3 0000 0000 0.000 0002 0.000 0000
Vegetation N4 0.000 0.003 0.010 0005 0015 0028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0025 0.028 0.035 0032 0040 0058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N = (NO + N1+ N2 + N3 + N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1=VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 53. Windmill Wash, Looking Upstream (northeast)
NOTES

N Value Distribution for Eastern Washes

Densely  Minimally High Standing

Normal Vegetated Vegetated Vegetated Vegetated Vegetation

Value Channel | Channel Channel  Overbanks  Overbanks Overbanks
Matenal NO 0.020 0.020 0.020 0.020 0.020 0.020
Degree of Iregulanties N1 0005 0 005 0005 0005 0.005 0.005
Vanation in Cross Section N2 0.000 0.000 0000 0000 0.000 0.005
Obstructions N3 0.000 0.000 0 000 0 002 0.000 0.000

Vegetation N4 0003 0.010 0.020 0.005 0.015 0.028 TOWN OF CAREFREE

Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.028 0.035 0045 0.032 0.040 0058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO+ N1+ N2+ N3+ N4)*"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 = VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 45. Windmill Wash, Looking Upstream (northeast)

N Value Distribution for Eastern Washes

Densely  Minimally High Standing

Normal Vegetated Vegetated Vegetated Vegetated Vegetation

Value Channel  Channel Channel Overbanks Overbanks  Overbanks
Matenal NO 0.020 0.020 0.020 0.020 0.020 0020
Degree of Imegularities N1 0.005 0.005 0005 0.005 0.005 0005
Vanation in Cross Section N2 0.000 0000 0 000 0.000 0.000 0005
Obstructions N3 0.000 0.000 0000 0.002 0.000 0 000
Vegetation N4 0.003 0.010 0.020 0.005 0.015 0028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.028 0.035 0045 0.032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION

N =(NO+ N1+ N2+ N3+ N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 = VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL

LEGEND

MANN I NC N™ VAL UE 0.028

MANNINGS “N" VAL UE .040
MANNINGS "N" VAL UE

MANN I NG ‘N VAL UE ), 058
MANN I NC N“ VAL UE

MANNINGS “N"“ VAL UE 0.03
MANNINGS “"N" VAL UE 0.053
MANN [ N( N" VALUE = 0.045
PHOTO DIRECTION AND PICTURE
NUMBER

WASH REACH

HEC-RAS CROSS ECTION LINES

NOTE€S

TOWN OF CAREFREE

[N]

SHEET INDEX MAF

FLOOD CONTROL DISTRICT
OF MARICOPA COUNTY

WINDMILL WASH

CAREFREE FLOODPLAIN DELINEATION
F.C.D. CONTRACT NO. 2000 CO37

FLIGHT DATES:

& CH2MHILL
-

SHEET 08 OF 23

2003

JUN-

04

o

2944np08. dgn

D




Picture 35 Windmill Wash, Looking Upstream (northeast)

N Value Distribution for Eastern Washes

Densely Minimally High Standing

Normal 'Vegetated Vegetated Vegetated Vegetated Vegetation

Value Channel Channel Channel Overbanks Overbanks Overbanks
Matenal NO 0.020 0.020 0.020 0020 0.020 0.020
Degree of Imegulanties N1 0.005 0.005 0.005 0.005 0.005 0.005
Vanation in Cross Section N2 0.000 0.000 0000 0.000 0.000 0005
Obstructions N3 0.000 0.000 0000 0.002 0000 0.000
Vegetation N4 0003 0.010 0020 0005 0.015 0.028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0028 0.035 0045 0032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO+ N1+ N2+ N3+ N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 = VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 27: Windmill Wash, Looking Upstream (northeast)

N Value Distribution for Eastern Washes

Densely Minimally High Standing

Normal Vegetated Vegetated Vegetated Vegetated Vegetation

Value Channel = Channel Channel Overbanks Overbanks Overbanks
Matenal NO 0.020 0.020 0.020 0.020 0.020 0.020
Degree of Iregulanties N1 0005 0 005 0.005 0.005 0.005 0 005
Vanation in Cross Section N2 0.000 0.000 0.000 0.000 0.000 0.005
Obstructions N3 0000 0000 0000 0.002 0 000 0 000
Vegetation N4 0.003 0.010 0020 0.005 0.015 0.028
Meanderng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.028 0.035 0045 0.032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N = (NO + N1+ N2 + N3 + N4)*M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 = VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 14: Windmill Wash, Looking Downstream (southwest)

N Value Distribution for Eastern Washes
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Densely Minimally High Standing

Normal Vegetated Vegetated Vegetated Vegetated Vegetation

Value Channel Channel Channel Overbanks Overbanks Overbanks
Matenal NO 0020 0.020 0.020 0.020 0.020 0.020
Degree of Iregulanties N1 0005 0.005 0.005 0005 0 005 0.005
Vanation in Cross Section N2 0.000 0.000 0.000 0.000 0.000 0.005
Obstructions N3 0.000 0.000 0.000 0.002 0 000 0.000
Vegetation N4 0003 0.010 0.020 0005 0015 0.028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.028 0.035 0.045 0.032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO+ N1+ N2 +N3+ N4)*M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 = VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 90: Eastern Pima Wash, Looking Upstream (northeast)

N Value Distribution for Eastern Washes

Densely Minimally High Standing

Normal Vegetated Vegetated Vegetated Vegetated Vegetation

Value Channel Channel Channel  Overbanks  Overbanks  Overbanks
Matenal NO 0.020 0020 0020 0.020 0.020 0.020
Degree of Imegulanties N1 0.005 0.005 0 005 0 005 0.005 0.005
Vanation in Cross Section N2 0000 0.000 0.000 0000 0.000 0.005
Obstructions N3 0000 0.000 0000 0.002 0.000 0000
Vegetation N4 0003 0010 0.020 0.005 0.015 0.028
Meandenng M5 1.000 1.000 1.000 1.000 1000 1.000
N-Value 0028 0.035 0045 0.032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO+ N1+ N2+ N3+ N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1=VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 85: Eastern Pima Wash, Looking Downstream (southwest)

N Value Distribution for Eastern Washes

Densely Minimally High Standing

Normal Vegetated Vegetated Vegetated Vegetated Vegetation

Value Channel Channel Channel  Overbanks Overbanks Overbanks
Matenal NO 0.020 0.020 0.020 0.020 0.020 0.020
Degree of Iregulanties N1 0.005 0005 0005 0.005 0.005 0.005
Vanation in Cross Section N2 0.000 0000 0.000 0 000 0.000 0.005
Obstructions N3 0.000 0.000 0.000 0.002 0.000 0000
Vegetation N4 0.003 0010 0.020 0005 0.015 0.028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.028 0035 0045 0.032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:
N = (NO + N1+ N2+ N3+ N4)*"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL

N1 =VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL

N3 = VALUE FOR OBSTRUCTIONS
N4 = VALUE FOR VEGETATION AND FLOW CONDITION
M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 81: Eastern Pima Wash, Looking Downstream (southwest)
NOTE
N Value Distribution for Eastern Washes
Densely Minimally High Standing
Normal Vegetated Vegetated Vegetated Vegetated Vegetation
Value Channel Channel Channel | Overbanks Overbanks Overbanks
Matenal NO 0020 0.020 0.020 0.020 0.020 0.020
Degree of Imegulanties N1 0.005 0005 0005 0.005 0.005 0.005
Varniation in Cross Section N2 0.000 0.000 0.000 0.000 0.000 0.005
Obstructions N3 0.000 0.000 0.000 0.002 0 000 0.000
Vegetation N4 0.003 0.010 0.020 0.005 0015 0028 TOWN OF CAREFREE
Meandernng M5 1.000 1.000 1.000 1.000 1.000 1.000 >
N-Value 0.028 0035 0.045 0.032 0040 0.058
COWEN ROUGHNESS COEFFICIENT EQUATION:
N = (NO+ N1+ N2+ N3 + N4)"M5
NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 = VALUE TO CORRECT FOR SURFACE IRREGULARITIES ASHEETE ]
N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL ng‘H \
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION
M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 104: Un-named Tributary to Stagecoach Pass Wash, Looking Downstream (southwest)

N Value Distribution for Eastern Washes

Densely Minimally High Standing

Normal Vegetated Vegetated @ Vegetated Vegetated Vegetation

Value Channel  Channel Channel Overbanks Overbanks  Overbanks
Matenal NO 0020 0.020 0.020 0.020 0.020 0020
Degree of Imegulanties N1 0.005 0.005 0.005 0.005 0.005 0005
Vanation in Cross Section N2 0000 0.000 0.000 0.000 0.000 0.005
Obstructions N3 0000 0.000 0.000 0.002 0.000 0.000
Vegetation N4 0003 0.010 0.020 0.005 0.015 0.028
Meandenng M5 1000 1.000 1.000 1.000 1.000 1.000
N-Value 0028 0035 0.045 0.032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO+ N1+ N2+ N3+N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 =VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 99: Unnamed Tributary to Stagecoach Pass Wash, Looking Upstream (northeast)

N Value Distribution for Eastern Washes

Densely Minimally High Standing

Normal Vegetated Vegetated Vegetated Vegetated Vegetation

Value Channel  Channel Channel Overbanks Overbanks Overbanks
Matenal NO 0.020 0.020 0.020 0.020 0.020 0.020
Degree of Imegularities N1 0 005 0005 0.005 0.005 0.005 0.005
Vanation in Cross Section N2 0.000 0.000 ~0.000 0.000 0.000 0.005
Obstructions N3 0.000 0.000 0.000 0.002 0.000 0.000
Vegetation N4 0.003 0.010 0.020 0005 0.015 0.028
Meandenng M5 1.000 1.000 1.000 1000 1.000 1.000
N-Value 0.028 0.035 0.045 0.032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO+ N1+ N2+ N3+ N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 = VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 95: Unnamed Tributary to Stagecoach Pass Wash, Looking Upstream (northeast)

N Value Distribution for Eastern Washes
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Densely  Minimally High Standing
Normal Vegetated Vegetated Vegetated Vegetated Vegetation
Value Channel Channel Channel  Overbanks Overbanks  Overbanks
Matenal NO 0020 0020 0.020 0.020 0.020 0.020
Degree of Imegulanties N1 0 005 0005 0.005 0.005 0.005 0.005
Vanation in Cross Section N2 0000 0 000 0.000 0.000 0.000 0.005
Obstructions N3 0.000 0.000 0.000 0.002 0.000 0000
Vegetation N4 0.003 0.010 0.020 0.005 0015 0028 TOWN OF CAREFREE
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.028 0.035 0.045 0032 0040 0 058
COWEN ROUGHNESS COEFFICIENT EQUATION:

N=(NO+ N1+ N2+ N3 + N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 =VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL

FLOOD CONTROL DISTRICT
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TAGECOACH PASS WASH

AREFREE FLOODPLAIN DELINEATION

F.C.D. CONTRACT NO. 000 CO37
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MANN | N( N" VALUE ). 028

MANNINGS “N" VALUE 0.040
B MANNINGS “N” VALUE = 0.02°
l MANN [ N( N VALUE
ll MANNINGS “N' VALUE
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PHOTO DIRECTION AND PICTURE
NUMBER
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WASH REACH

—
S — HEC-RAS CRO SECTION LINES
NOTE
N Value Distribution for Eastern Washes
Densely Minimally High Standing
Normal Vegetated Vegetated Vegetated Vegetated Vegetation
Value Channel Channel Channel Overbanks Overbanks  Overbanks
Matenal NO 0020 0020 0.020 0.020 0020 0.020
Degree of Iregulanties N1 0.005 0005 0.005 0.005 0005 0005
Vanation in Cross Section N2 0.000 0.000 0.000 0.000 0.000 0.005
Obstructions N3 0.000 0000 0.000 0002 0.000 0000 .
Vegetation N4 0.003 0010 0.020 0005 0015 0028 TOWN OF CAREFREE
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000 N
N-Value 0.028 0.035 0.045 0.032 0.040 0.058
COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO + N1+ N2 + N3 + N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 = VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 129: Unnamed Central Tributary to Cave Creek, Looking Downstream (northwest)

N Value Distribution for Unnamed Central

High Standing Minimally High Standing

Normal Vegetated Vegetation Vegetated Vegetated Vegetation

Value Channel Channel Channel Overbanks Overbanks  Overbanks
Matenal NO 0.020 0.020 0020 0020 0.020 0020
Degree of Imegulanties N1 0.005 0.005 0.005 0.005 0.005 0005
Vanation in Cross Section N2 0.000 0.000 0.000 0000 0.000 0005
Obstructions N3 0.000 0.000 0000 0002 0.000 0000
Vegetation N4 0.003 0.010 0028 0005 0.015 0028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.028 0.035 0.053 0032 0.040 0058

COWEN ROUGHNESS COEFFICIENT EQUATION

N =(NO + N1+ N2 + N3 + N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 = VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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N Value Distribution for Unnamed Central

Picture 185: Unnamed Central Tributary to Cave Creek, Looking Downstream (southwest)

High Standing Minimally High Standing

Normal Vegetated Vegetation Vegetated Vegetated Vegetation

Value Channel Channel Channel Overbanks Overbanks  Overbanks
Matenal NO 0.020 0.020 0.020 0020 0.020 0.020
Degree of Imegulanties N1 0.005 0.005 0.005 0005 0.005 0.005
Vanation in Cross Section N2 0.000 0.000 0000 0 000 0.000 0.005
Obstructions N3 0.000 0.000 0.000 0002 0.000 0.000
Vegetation N4 0.003 0.010 0028 0005 0.015 0028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.028 0.035 0.053 0032 0.040 0058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N=(NO+ N1+ N2+ N3 +N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 =VALUE TO CORRECT FOR SURFACE IRREGULARITIES
N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL

N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION
M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 184: Unnamed Central Tributary to Cave Creek, Looking Downstream (west)
NOTE
N Value Distribution for Unnamed Central
High Standing Minimally High Standing
Normal Vegetated Vegetation Vegetated Vegetated Vegetation
Value Channel Channel Channel Overbanks Overbanks Overbanks
Matenal NO 0.020 0.020 0020 0020 0.020 0.020
Degree of Imegulanties N1 0.005 0.005 0.005 0005 0.005 0.005
Vanation in Cross Section N2 0.000 0.000 0000 0000 0.000 0.005
Obstructions N3 0.000 0.000 0 000 0002 0.000 0000 TV OF GAREFREE
Vegetation N4 0.003 0.010 0.028 0005 0.015 0.028
Meandering M5 1.000 1.000 1.000 1000 1.000 1.000
N-Value 0.028 0.035 0.053 0032 0.040 0058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO+ N1+N2+N3+N4)"M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 =VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 127: Unnamed Central Tributary to Cave Creek, Looking Downstream (west)

N Value Distribution for Unnamed Central

High Standing Minimally High Standing

Normal Vegetated Vegetation Vegetated Vegetated Vegetation

Value Channel Channel Channel Overbanks Overbanks  Overbanks
Matenal NO 0.020 0.020 0.020 0.020 0020 0020
Degree of Iregulanties N1 0.005 0.005 0.005 0005 0005 0 005
Vanation in Cross Section N2 0.000 0.000 0.000 0 000 0000 0.005
| Obstructions N3 0.000 0.000 0.000 0.002 0000 0.000
Vegetation N4 0.003 0.010 0.028 0.005 0015 0028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.028 0.035 0.053 0032 0040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:

N =(NO+ N1+ N2+ N3+ N4)*M5

NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1=VALUE TO CORRECT FOR SURFACE IRREGULARITIES

N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS

N4 = VALUE FOR VEGETATION AND FLOW CONDITION

M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Picture 125: Unnamed Central Tributary to Cave Creek, Looking Downstream (southwest)

N Value Distribution for Unnamed Central

High Standing Minimally High Standing

Normal Vegetated Vegetation Vegetated Vegetated Vegetation

Value Channel Channel Channel Overbanks Overbanks Overbanks
Matenal NO 0020 0.020 0020 0.020 0.020 0.020
Degree of Imegularities N1 0005 0005 0 005 0005 0.005 0.005
Vanation in Cross Section N2 0.000 0.000 0 000 0000 0.000 0.005
Obstructions N3 0000 0.000 0 000 0002 0.000 0.000
Vegetation N4 0003 0.010 0028 0005 0.015 0.028
Meandenng M5 1.000 1.000 1.000 1.000 1.000 1.000
N-Value 0.028 0.035 0.053 0032 0.040 0.058

COWEN ROUGHNESS COEFFICIENT EQUATION:
=(NO + N1+ N2+ N3+ N4)"M5
NO = BASIS VALUE FOR STRAIGHT, UNIFORM, SMOOTH CHANNEL
N1 =VALUE TO CORRECT FOR SURFACE IRREGULARITIES
N2 = VALUE FOR VARIATIONS IN SHAPE AND SIZE OF CHANNEL
N3 = VALUE FOR OBSTRUCTIONS
N4 = VALUE FOR VEGETATION AND FLOW CONDITION
M5 = CORRECTION FACTOR FOR MEANDERING CHANNEL
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Galloway Wash Middle Branch Plan: Plan 04
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APPENDIX E.3

Expansion and Contraction Coefficients

There was no special data or calibration efforts made during this study. Expansion and
contraction coefficients used in the floodplain models are discussed in section 5.2.2.
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MEMORANDUM CH2MHILL

Culvert Slope Check - Floodplain Mapping, Carefree
Drainage Master Plan

TO: Tony Bokich
COPIES: File

FROM: Linda Johnson
DATE: January 28, 2003

Per Richard Harris’/FCDMC request, all multiple barrel culverts were checked for barrel
slope differences. Per his direction, for adjacent culverts, where each barrel’s slope differs
by more than 0.5%, each culvert needed to be further analyzed for headwater elevation
differences. This is necessary because the HEC-RAS program only allows one invert
elevation for both upstream and downstream invert elevations, and cannot calculate
different slopes on multiple barrel culverts.

The attached spreadsheet shows only 5 locations where the barrel slopes differ by more than
0.5%, 2 on Windmill Wash and 3 on the Stagecoach Pass tributary. The maximum slope
difference was found to be 1.68% between barrels. In order to check headwater depth
differences, the HEC-RAS models were run for the following three scenarios:

e Using an average upstream and average downstream invert elevation
e Using the invert elevations that result in the flattest barrel slope
e Using the invert elevations that result in the steepest barrel slope

These scenarios were run for the three greatest slope differentials (1.68%, 1.44%, and 0.97%),
and results indicate that in no case did the headwater water surface elevation differ by
more than 0.06 feet. Therefore, since the accuracy of the water surface is +/- 1 foot (using
our 2-foot accuracy topographic mapping), the model is not sensitive to the barrel slope
differences. An average of the upstream and downstream inverts will be used in the
models.
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Carefree DMP Multiple Barrel Culvert Slope Variations 162944
Multiple Barrel Culvert Slope Variations.xls By: ROL
04/21/2003 12:21 PM Checked: LAJ
Culvert ID Wash River Station IE s IEys Lenth (ft) Slope Greatest
Difference
242 UC - South 0.3394 2076.15 2076.02 64 0.20% 0.28%
2076.17 2076.09 64 0.12%
2075.99 2076.04 64 -0.08%
2076.12 2076.05 64 0.11%
2076.59 2076.13 64 0.72% 0.48%
2076.44 2076.04 64 0.63%
2076.55 2075.84 64 1.11%
2076.38 2075.97 64 0.64%
27 UC - North 0.7415 2117.52 2116.85 41.7 1.61% 0.48%
2117.54 2116.86 41.7 1.63%
2117.59 2116.77 41.7 1.97%
2117.64 2116.77 41.7 2.09%
20 UC - North 0.4415 2080.84 2078.91 60 3.22% 0.05%
2080.82 2078.89 60 3.22%
2080.81 2078.87 60 3.23%
2080.82 2078.91 60 3.18%
245 UEwm - Combined WM 1.0604 2579.64 2579.27 19.7 1.88%
2579.62 2579.34 19.7 1.42%
2579.61 2579.34 19.7 1.37%
11 UEwm - Combined WM 0.9042 2566.4 2564.9 69 217% 168% |
2566.38 2564.98 69 2.03%
2566.32 2563.76 69 3.71%
153 SCP 0.7537 2699.21 2696.73 79.3 3.13% 0.23%
2699.47 2696.81 79.3 3.35%
147 SCP 0.5727 2672.16 2671.06 99.6 1.10% 0.24%
2672.09 2671.19 99.6 0.90%
2672.05 2671.19 99.6 0.86%
148 SCP 0.5170 2666.74 2666.46 19.9 1.41%
2666.67 2666.34 19.9 1.66%
2666.87 2666.44 19.9 2.16%
SCP 0.4910 2664.48 2664.27 19.4 1.08% ; w, “‘
2664.90 2664.41 19.4 2.53%
2664.65 2664.32 194 1.70%
243 SCP 0.3527 2650.59 2649.76 81.2 1.02% .97%
2650.99 2649.37 81.2 2.00%

ighlighted cells: Greatest Difference greater than 0.50 %
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Plan: Plan 01 Unnamed Eastern Combined WM RS: 0.9042 Profile: PF 1
Culv Q (cfs) 205.00 | Culv Ful Lngh (ft)
# Barrels 3 | Culv Vel US (ft/s) 8.28
Q Barrel (cfs) 68.33 | Culv Vel DS (ft/s) 9.40
E.G. US. (ft) 2569.82 | Culvinv ElUp (fty 2566.37
W.S. US. (it) 2569.81 | CulvInvEIDn (f) 2564.55
E.G. DS (ft) 2566.71 | CulvFretnLs (ft) 1.76
W.S. DS (ft) 2566.11 | Culv Ext Lss (ft) . 0.81
‘Delta EG (ft) 3.10 | Culv Ent Lss (ft) 0.53
Delta WS (ft) 369 [Q s).
E.G.IC (ft) 2569.52 | We
EG.OC(ft) 2569.82
Culvert Control Outlet
WS Inl 2568.22
2566.15 |
1.60 |
1.85 | 2571.66
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Plan: Plan 01 Unnamed Eastern Combined WM RS: 0.9042 Profile: PF 1
Culv Q (cfs) 205.00 | Culv Ful Lngh (ft)
# Barrels 3 | Culv Vel US (ft/s) 8.28
Q Barrel (cfs) 68.33 | Culv Vel DS (ft/s) 8.51
E.G. US. (ft) 2569.83 | CulvInv ElUp (ft) 2566.38
W.S. US. (ft) 2569.82 | Culv Inv El Dn (ft) 2564.98
E.G.DS (ft) 2566.71 | Culv Fretn Ls (ft) 1.40
W.S. DS (ft) 2566.11 | CulvExtLss (ff) 1.18

) EG (ft) 3.11 | CulvEntLss (fy 0.53

370 | QWeir(cls)

2569.54

 Weir Sta Lft (it

2569.83 |

Outlet | Weir !

2568.23

2566.77

1.79

1.85 ||

2571.66
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Plan: Plan 01 Unnamed Eastern Combined WM RS: 0.9042  Profile: PF 1
Culv Q (cfs) 205.00 | Culv Ful Lngh (ft)

# Barrels 3 | Culv Vel US (ft/s) 8.28
Q Barrel (cfs) 68.33 | Culv Vel DS (it/s) 10.67
E.G.US. (ft) 2569.77 | Culy Inv El Up (ft) 2566.32
W.S. US. (ft) 2569.76 | Culv Inv El Dn (ft) 2563.76
EG.DS (ft) 2566.71 | Culv Fretn Ls (ft) 2.31
Wsps(@ 2566.11 | Culv ExtLss (ft) 0.21
Delta EG (ft) 3.05 | Culv EntLss (ft) 0.53
Delta WS (ft) 364 |QWeir(cfs) =

EGIC(H) | 2569.45 | Weir Sta

EGOCH) 2569.77

Outlet |

merg
x Depth (f)

2571.66
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Plan: Plan 01 Unnamed Eastern  Trib to Stagecoa RS: 0.4910 Profile: PF 1
Culv Q (cfs) 98.59 | Culv Ful Lngh (ft) 19.40
# Barrels 3 | Culv Vel US (ft/s) 8.26
Q Barrel (cfs) 32.86 | Culv Vel DS (ft/s) 8.26
E.G. US. (ft) 2669.80 | Culv Inv EI Up (ft) 2664.68
W.S. US. (ft) 2669.74 | Culv Inv El Dn (ft) 2664.33
E.G. DS (ft) 2666.64 | Culv Fretn Ls (ft) 0.95
WS.DS(y 2666.03 | Culv Ext Lss (ft) 1.25
| Delta EG (ft) 3.16 | Culv Ent Lss. (ft) 0.95
Delta WS (i) 3.71 | Q Weir (cfs) 53.41
EG. IC (ft) 2669.80 ,"WeirSta';Lftié,‘(ﬂ)v 104.75
2669.80 :i' ir Sta Rat (ft) 172.68
Outlet | 0.00
2667.18 : 0.67
2666.83 | Weir /
2.30 | Wr Flw Area. (sq”ft)
2.30 | Min ,Et Weir Flow (ft 2669.80
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Plan: Plan 01 Unnamed Eastern Trib to Stagecoa RS: 0.4910 Profile: PF 1
Culv Q (cfs) 99.25 | Culv Ful Lngh (ft) 19.40
# Barrels 3 | Culv Vel US (ft/s) 8.32
Q Barrel (cfs) 33.08 | Culv Vel DS (ft/s) 8.32
E.G. US. (ft) 2669.77 | Culv Inv El Up (ft) 2664.48
W.S. US. (fy 2669.72 | Culv Inv El Dn (ft) 2664.27
E.G. DS (ft) 2666.64 | Culv Fretn Ls (ft) 0.96
W.S. DS (ft) 2666.03 | Culv Ext Lss (ft) 1.21

D 3 3.14 | Culv Ent Lss (ft) 0.97

3.69 | Q Weir (cfs) 52.75
2669.78 | Weir Sta Lft (ft) 104.87
2669.77 | 172.64

Outlet | 0.00
2666.98 | 0.67
2666.77 0.43
230 | 29.25
2.30 | Min El Weir Flow (fty | 2669.80
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Plan: Plan 01 Unnamed Eastern Trib to Stagecoa RS: 0.4910 Profile: PF 1 Culvert ID: Culvert #1

Culv Q (cfs) 97.52 | Culv Ful Lngh (ft) 19.40
# Barrels 3 | Culv Vel US (ft/s) 8.17 /_\/ LAVE NAN €0 LUENTS OFF
Q Barrel (cfs) 32.51 | Culv Vel DS (ft/s) 8.17 } -
EG.US. () 2669.82 | Culv Inv El Up (ft) 2664.90 _ _ _
W.S. US. (ft 2669.76 | Culv Inv EI Dn (ft 2664.41 OF Wit FlomEd DLVE
E.G. DS (ft) , 2666.64 | Culv FretnLs (i) 0.94
W.S. DS(t) | 2666.03|CulvExtlss(ft) 1.31
Delta EG(ft) 3.18 | CulvEntlss (fy . 0.93
Delta WS (it 373 | QWeir(cfs) 54.48
| E.G.IC (ft , 2669.82 | WeirSta Lft (ft) 104.56
‘E.G. OC (ft) | 2669.82 | WeirStaRgt (fy 172.73
o Outlet | Wel Submerg ; 0.00
| 2667.40 ir Max Depth (ft) = 0.68
2666.91 Avg Depth (f) 0.44
2.30 | ea ( 29.95
2.30 2669.80
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Plan: Plan 01 Unnamed Eastern Trib to Stagecoa RS: 0.3527 Profile: PF 1
Culv Q (cfs) 60.30 | Culv Ful Lngh (ft) 81.20
# Barrels 2 | Culv Vel US (ft/s) 7:16
Q Barrel (cfs) 30.15 | Culv Vel DS (ft/s) 7.16
E.G. US. (ft) 2656.63 | Culv Inv El Up (it) 2650.79
W.S. US. (ft) 2656.61 | Culv Inv El Dn (ft) 2649.57

2651.96 | Culv Fretn Ls (ft) 2.86
2651.25 | Culv Extlss (ft) = 1.41
4.67 | Culv Ent Lss (ft) 0.40
5.36 ir (c 164.11
2656.56 59.26
2656.63 | 172.68
Outlet |- 0.00
2653.79 | \ 0.97
2652.57 | 0.65
2.50 | 73.5<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>