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Willowood Estates Addition is single lot development encompassing
approximately 36 acres in Southeast Wichita, Kansas. It is divided into 193
mobile home lots with private streets and storm water drainage systems. ltis a
replat of the original plat known as Emery Park Addition platted in 1988. Two
specific references have been used to justify concepts stated in this report. The
first is the original drainage plan conceived for Emery Park Addition called,
Drainage Plan and Supporting Calculations for Emery Park Addition to Wichita,

-Sedawick County, Kansas, dated July 15, 1988, referred hereafter as Ref. 1.

Another reference, Project No. 87-M-61 50(001) MacArthur Road (Arkansas
River to Hydraulic), hereafter referred to as Ref. 2, has also been used to
determine existing drainage patterns. The computations and supporting data for
the drainage plan of Willowood Estates Addition are presented herein.

Hydrology
The Rational Method has been used for hydrologic analysis of all detention

systems and storm sewer systems that serve the residential streets and yards.
The analysis made is based on the available site data which includes the
following: 1” = 100’ topographic map with 2’ contours of the site and adjacent
areas: Sedgwick County Soil Survey Map; Emery Park Addition drainage plan
dated July 15, 1988; Camelot Addition Plat; MacArthur Road plans. No lots in
this plat lie within an area defined as Fioodplain by FEMA's Floodway Map.

The development has been divided into 5 drainage areas as shown in the
enclosed drainage plan. Basins A, B and E will drain to a detention pond on the
East side of the property via street flow and concrete flumes. Basins C will drain
the to West to the existing Willowood Mobile Home Park (Camelot Addition).
The runoff from basin C will be detained in an existing detention pond within the
Camelot Addition development.

Ref. 2 indicates that 6.6 acres of runoff is intercepted by MacArthur Road storm
sewers. Basin D is 6.6 acres and will drain to the MacArthur Road storm sewer
via sump inlets and storm sewer at the entrance on MacArthur.



Pond Analysis

The detention pond has been sized using methods found in Ref. 1. The
difference between the 100 year pre-developed peak flowrate and the 100 year
post-developed peak flowrate is required to be detained. However, the designed
detention pond is detaining the difference between the 100 year post developed
peak flowrate and the maximum flowrate through a 15" pipe with 2 feet of head
on the inlet side.

Inlet Design

Since private streets will serve the entire plat, a maximum curb-depth flow is not
applicable. For each inlet connected to city storm sewers, street flooding and
inlet capacity has been checked for the minor storm. It has been assumed 1/4
in./ft. street cross-siopes, City of Wichita 3-5/8” roll curb and gutter and Type 1A
street inlets will be used throughout.

Pipe Design

Hydraulic computations for the pipe system were performed using Manning’s
equation. All pipes were assumed to be reinforced concrete with a Manning’s “n”
factor of 0.013. The optimum hydraulic grade line is at least one foot below the
top of curb elevations for the minor storm in all cases. However, to match
existing storm sewer systems in conjunction with the new storm sewer, as little

as 1/2 foot of freeboard may be present below top of curb during 2 year storms.
To simplify analysis the following assumptions were made:

1. The time of concentration is identical for both pipe flow and street flow
for both major and minor storm; a conservative estimate since pipe
velocities generally exceed gutter velocities.

Channel Design

Two concrete flumes and one grass lined vee channel have been utilized to
convey concentrated flow to a desired location. All flumes and ditches have
been sized using Manning’s equation and a flowrates generated from a 100 year
storm.

Design Aids

This section includes material used to assist in designing the drainage system.
A 1"=100’ scale drainage plan map is enclosed in the pocket.
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BASIN # |AREA (ac) c2 C100 tc i2 (in/hr) | 1100 (in/hr) | Q2 (cfs) |Q100 (cfs)

A 5.15 0.57 0.67 15 3.83 7.37 11.24 25.43

B 11.60 0.57 0.67 15 3.83 7.37 25.32 57.28

C 7.90 0.57 0.67 15 3.83 7.37 17.25 39.01

D (E) 2.82 0.57 0.67 15 3.83 7.37 6.16 13.92

D (W) 3.83 0.57 0.67 15 3.83 7.37 8.36 18.91

E 3.65 0.70 0.80 15 3.83 7.37 9.79 21.52
Total Area= 34.95 Acres Total O2= 78.12 cfs
Total Q100= 176.08 cfs

Note : Runoff coefficient based on class B soils and 1/8 acre lots.

Hydrology
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FILE 0:\1996\96329\WW.STM

PDM 12/5/96

[] WILLOWOOD ESTATES ADDITION

Input File: WW.STM

Tk ok %k

HYDROLOGY* * =x

Date: 12-06-1996
Time: 12:43:22

Storm Frequency =  2-Year

Node to € Area Sslope Length TC(0) 1(0) Qo)
Node (Ac) (%) (Ft) (Min) (In/Hr) (CFS)
2 1 .00 .00 .0 15.00 3.83 .00
[J 3 2 .00 .00 .0 15.00 3.8 8.10
4 3 .00 .00 .0 15.00 3.83 6.50

— e L ]

Hydrology Summation
**************************
TC I Q Sum Q
(Min) (In/Hr) (CFS) (CFS)

**************************

15.35 3.79 .00 14.55
15.23 3.80 8.05 14.55
15.00 3.83 6.50 6.50

**************************

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

. Conduit Data o
Size  Velocity Length 1 Trere.
(Ft/Sec) (Ft) (Min) (Min)
18n 8.23 40.00 -08 15.43
181 8.23 60.00 .12 15.35
18n 3.68 50.00 -23 15.23




Date: 12-06-1996
Time: 12:43:22
Input File: WW.STM

FILE 0:\1996\96329\WW.STM
PDM 12/5/96
Storm Frequency =  2-Year

[} WILLOWOOD ESTATES ADDITION

* * ¥ HYDRAULICS* * =

Node Hyd-Slope Friction Bend Transition Manhole Deflection Junction Total Hyd-Gl Desired Diff.
(Ft/Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) (Ft) Elevation Elevation (Ft)
[] 1 .00000 .0000 .0000 .0000 .0000 .0000 .0000 .0000 79.1500 82.7000 3.55
2 .01917 . 7669 .0000 .0000 .0526 .0164 .0960 .9320 80.0820 82.5000 2.42
[} 3 .01917 1.1504 .0000 .0842 .0000 .0457 1.7444 3.0247 83.1066 83.8000 .69
4 .00383 .1915 .0000 .0000 .0000 .0000 .0000 .1915 83.2981 83.8000 50

D nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn *k e e ek ok ok ke ok

T of
STRALTURE

T —Hat -

— Y ) L ) [
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EXHIBIT HO. 1

SOIL LEGEND

HYDROLOGIC -
SYMBOL  GROUP : NAME y

Lt pmi T

Aa B A]bion-She]]abarger sandy Toams, 1 to 4 percent slopes
g Ab B Albion and Shellabarger sandy Toans, 7 to 15 percent slopes
J Ba C - Blanket silt loam, 0 to 1 percent slopes
Bb C- Blanket silt loan, 1 to 3 percent slopes
Ca B Canadian fine sandy Toan
] Cb B Canadian-lialdeck fine sandy loams
Cc D Carwile fine sandy loam
Cd B Clark-0st clay Toams, 1 to 4 percent slopes
Ce C Cline silty clay, 3 to 6 percent slopes
J Ea. B Elandco silt loam
Eb B < Elandco silt loam, occasionally flooded
_ Ec B Elandco silt Toam, frequently flooded
] Fa B Farnum loam, 0 to ] percent slopes
Fb B Farnum loam, 1 to 3 percent slopes
Fc B Farnun loam, sandy substratum, 0 to 1 percent slopes
} Ga D Goessel silty clay, 0 to ] percent slopes
Gb D. Goessel silty clay, 1 to 2 percent slopes
la D Irwin silty clay Toam, 1 to 3 percent slopes
| 1b D Irwin silty clay loam, 3 to 6 percent slopes
b 1c D Irwin silty clay loam, 2 to 6 percent slopes, eroded
La C Lesho Toam '
. Lb A Lincoln soils
Ma B - Milan loam, 1 to 3 percent slopes
~ Mb B Milan form, 3 to 6 percent slopes
Mc B Milan clay loam, 2 to 6 percent slopes, eroded
Na B Naron fine sandy loam
Oc D Owens clay loam, 1 to 3 percent slopes
0d D

Owens-Rock outcrop complex, 3 to 10 percent slopes
Pa \ Pits

Pb D Plevna fine sandy Toam

Pc A Pratt loamy fine sand, undulating

Pd A Pratt-Tivoli complex, rolling

Ra D Renfrow silty clay loam, 1 to 3 percent slopes
Rb D Renfrow silty clay - loam, 3 to 6 percent slopes
Rc D Renfrow-Owens clay loams, 1 to 4 percent slopes
Rd D Rosehill silty clay, 1 to 3 percent slopes

Sa B Shellabarger sandy lToam, 1 to 3 percent slopes
Sb B Shellabarger sandy loam, 3 to 6 percent slopes
Sc- B Shellabarger sandy Toam, 3 to 6 percent slopes, eroded
Ta D - Tabler silty clay loam -
Tb D Tabler-Drunmond complex

Ua B Urban land-Canadian conmplex

Ub B Urban land-Elandco complex

Uc B Urban Tand-Farnumn complex, 0 to 3 percent slopes
ud D Urban land-Irwin compiex, 1 to 3 percent slopes
Ue D Urban land-Tabler conmplex

Va B Vanoss silt loam, 0 to 1 percent slopes

Vb B Vanoss silt loam, 1 to 3 percent slopes

Ve B Vanoss silt Toam, 3 to 6 percent slopes

vd B Vanoss silt loam, 3 to § percent slopes, eroded
Ve D Vernon sanqy loan, 1 to 3 percent slopes

Vf D Vernon sdnay lo.m, 3 to § percent lopes

Wa C HWaldeck sandy loam

Wb D Haurika silt Jouu
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RECO!-ENGED RUNOFF CCEFFICIE}
AND PERCENT IMPERVIOUS FOR

Land Use or

Surface Characteristics

Business:
Downtown Areas
Heighborhood Areas

Residential:
Single Family (Soil Group D)

1/5 Acre
1/4 Acre
1/3 Acre
1/2 Acre
3/4 Acre
1 Acre

Multi-Family (Soil Group D)
Multi-Unit (detacned)
Multi-Unit (attached)
Apartments

Single Family (Soil Group C)

178 Acre
1/4 Acre
1/3 Acre
1/2 Acre
3/4 Acre
1 Acre

Multi-Family (Soil Group C)

Multi-Unit {detacned)
Multi=Unit (attached)
Apartiients

Single-Fanily (Soil Group B)
1/8 Acre
1/4 Acre
1/3 Acre
1/2 Acre
3/4 Acre
1 Acre

MUTti-Fanily (Sni] Groun B)
hulti-Unig detached])
MuTti-Unit (attached)
Apartuents

ATTACHHMENT D

DRAINAGE CRITERIA
CITY OF WICHITA, KANSAS

Percent

Imgervious

95
70

50
38
30
25
22

60
65
75

- 50
38
30
25
22
20

60
65
75

(3 pages)

ITS FOR RATIOHAL METHOD

UNIT HYDRUGPAPH METHOD

Frequency

Z 5 10 100
0.84 0.85 0.87 0.9
0.68 0.69 0.73 0.80
0.57 0.61 0.66 0.79
0.50 0.54 0.62 0.76
0.46 0.50 0.59 0.73
0.42 0.458 0.56 0.72
0.42 0.46 0.55 0.71
0.41 0.45 0.54 0.7
0.62 0.66 -0.72 0.82
0.64 0.68 0.73 0.83
0.70 0.73 0.79 0.86
0.55 0.58 0.64 0.73
0.48 0.5] 0.57 0.68
0.43 0.46 0.53 0.65
0.40 0.43 0.50 0.63
0.39 0.42 0.49 0.62
0.37 0.40 0.48 0.61
0.60 0.63 - 0.69 0.77
0.63 0.66 0.7 0.79
0.68 0.72 0.77 0.83
0.52 0.54 0.59 0.67
0.44 0.46 0.52 0.61
0.39 0.43 0.47 0.57
0.36 0.38 0.44 0.54
0.34 0.36 0.42 0.52
0.33 0.35 0.40 0.51
0.58 0.60 0.65 0.72
0.61 0.64 0.68 0.75
0.67 0.70 0.74 0.80
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Land Use or

L( ) Surface Characteristics

f}

~N o

3.

4.
5.

10.
1.

Single Family (Soil Group A)
1/38 Acre

1/4 Acre

1/3 Acre

1/2 Acre

3/4 Acre

1 Acre

Multi-Family (Soil Group A)
Multi-Unit (detached)
Multi-Unit (attached)
Apartrents

Industrial:
Light Areas
Heavy Areas

Playgrounds:

Schools:
Railroad Yard Areas:

Undeve]oped Urban Areas:
Offsite Flow Analysis
(when land use not defined)

Streets:
Paved
Gravel

Drive, Parking Lots and Walks:

Roofs:

Urban Lawn Areas (See Note No.
Soil Group A

Slope less than 1%

Slope 1% to 4%

Slope more than 42

Soq] Groug B

Slope Tess than 1%
STope 1% to 4y
Slope more than 4%

S0i1 Group C
SToge Tess than 17
Slope 1% to 4%
Slope more than 49

Peréent :

Inpervious
SPErvious

50
38
30
25
22
20

60
65
75

70
80
15
40
30

45

99
00

96
90

1 below):
00

00
00

00
00
00

00
00
00

Frequency

2 5 10 100
0.47 0.50 0.54 0.60
0.39 0.4 0.45 0.52
0.33 0.35 0.39 0.47
0.30 0.31 0.35 0.44
0.28 0.29 0.33 0.42
0.26 0.28 0.32 0.40
0.55 0.57 0.61 0.67
0.58 0.60 0.64 0.70
0.65 0.68 0.72 0.77
0.68 0.69 0.73 0.80
0.74 0.76 0.79 0.54
0.33 0.3 0.42 0.55
0.49 0.51 0.56 0.66
0.43 0.45 0.50 0.62
0.52 0.54 0.59 0.68
0.87 0.88 0.90 0.93
0.24 0.26 0.33 0.48
0.87 0.87 0.88 0.89
0.80 0.85 0.90 0.93
0.08 0.09 .13 0.23
0.12 0.13 0.17 0.27
0.16 0.17 0.21 0.31
0.16 0.18 0.24 0.37.
0.20 0.22 0.28 0.41
0.24 0.26 0.32 0.45
0.24 0.27 0.35 0.5]
0.2 0.29 0.37 0.53
0.28 0.31 0.39 0.55




o-
{] | Lénd Use or

Percent

Frequency
‘Surface Characteristics Impervious Z E) 10 10U
[} S0il Group D ’
Slope less than 1% 00 0.28 0.33 0.43 0.63
" Slope 1% to 4% ou 0.30 .0.35 0.45 0.65
kj Slope rnore than 49 00 0.32 0.37 0.47 0.67

Note No. 1: Coefficients shown in the above table ar

areas with thick turf which includes pervious areas
Coefficients shown above must be

TR

e for pervious open space

in parks and cemeteries.

increased 0.02 for yse with agricultural
pasture areas. Coefficients shown above must be reduced by 0.04 for use with

agricultural cultivated areas. Group A soils are well-arained, coarse textured
sands with high infiltration rates. Group B soils are moderately well-drained,
moderately coarse textured soils with moderate infiltration rates. Group C

soils are moderately poor-drained, moderately fine textured soils with slow
infiltration rates. Group D soils

are poor-drained, fine textured soils with
very slow infiltration rates,

L7 2

L1

~  GENERAL NOTE: These Rational F
320 acres or larger, ‘

ormula Coefficients may not be valid for basins
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April 15, 1986

ATTACHMENT A
DRAINAGE CRITEKIA MANUAL

CITY OF WICHITA, KANSAS
RAINFALL INTENSITY TABLE FOR SEDGWICK §0UNTY, KANSAS
The following tabulation contains rainfall intensity in inches

per hour as derijved from ESSA Weather Bureau Technical Paper
40 Modified to NS Hydro-35, 1977 During First Hour

DURATION RETURN PERIODS OF |

IN MINUTES -YR 2-YR 5-YR 10-YR  25-yR 50-YR 100-YR
5 4.18 5.57 6.53 7.47 8.52 9.48 10.32
6 3.99 5,32 6.25 7.09 8.16 9.09 9.89
7 3.81 5.09 5.99 6.81 7.84 8.74 9.50
8 3.66 4.89 5.75 6.55 7.55 8.42 9.15
9 3.52 4.70 5.54 6.31 7.28 8.13 8.83
10 3.39 4.52 5,34 6.09 7.04 7.86 8.54
1 3.27 4,36 5.16 5.89 6.81 7.61 8.27
12 3.18 4.21 4.99 5.71 6.60 7.38 8.02
13 3.05 . 4.08 4.84 5.53 6.41 7.17 7.79
14 2.96 3.95 4.69 5.37 6.23 6.97 7.57
15 2.87 - 3.83 4.56 - 5.22 6.06 6.78 7.37
16 2.78 3.72 4.43  5.08 5.90 6.60 7.18
17 2.71 3.61 4.31 4,95 5.75 6.44 7.00
18 2.63 3.51 4.20 4.83 5.61 6.29 6.84
19 2.56 3.42 4.10 4.7 5.47 6.14 6.68
20 2.50 3.33 4.00 4.60 5.35 6.00 6.53
21 2.44 3.25 3.90 4.50 - 5.23 5.87 6.39
22 2.38 3.17 3.81 4.40 5.12 5.75 6.26
23 2.32 3.10 3.73 4.3 5.01 5.63 6.13
24 2.27 3.03 3.65 4.22 4,91 5.52 6.01
25 2.22 2.96 3.57 4.13 4.81 5.41 5.90
26 2.20 2.90 3.50  4.05 4.72 5.31 5.79
27 2.16 2.84 3.43 3.98 4.63 5.21 5.69
28 2.14 2.78 3.37 3.90 4.55 5.12 5.59
29 2.11 2.72 3.30 3.83 4.47 5.03 5.49
30 2.08 2.67 3.24 3.76 4.39 4.94 5.40
3] 2.05 2.62 3.19 3.70 4.32 4.86 5.32
32 2.02 2.57  3.10 3.63 4,25 4.79 5.22
33 1.99 2.52 3.05 3.57 4.18 4.7 5.14
34 1.96 2.48 3.01 3.5] 4.11 4.63 5.07
35 1.93 2.44 2.98 3.46 4.05 4,56 5.0
36 1.91 2.39 2.93 3.41 3.99 4.50 4.9
37 1.89 2.35 2.88 3.36 3.93 4.43 4.86
38 1.87 2.32 2.84 3.3] 3.87 4.37 4.79
39 1.85 2.28 2.80 3.26 3.82 4.3 4.73
40 1.83 2.24 2.76 3.22 3.76 4,25 4.66
41 1.8] 2.2] 2.72 3.17 3.71 4.19 4.60
42 1.79 2.18 2.68 3.13 3.66 4.13 4.54
43 1.77 2.14 2.64 3.09 3.61 4.08 4.49
44 1.75 2.11 2.61 3.05 3.57 4.03 4.43
45 1.73 2.08 2.57 3.01 3.52 3.98 4.38
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ATTACHMENT A CONTINUED

Page 2

DURATION

IN MINUTES 1-YR
46 1.70
47 1.67
48 1.66
49 1.64
50 1.61
51 1.59
52 1.56
53 1.54
54 1.52
55 1.50
56 1.47
57 1.45
58 1.43
59 1.42
60 1.40
61 1.38
62 1.36
63 1.34
64 1.33
65 1.31
66 1.30
67 1.28
68 1.26
69 1.25
70 1.24
71 1.22
72 1.21
73 1.20
74 1.18
75 1.17
76 ° 1.16
77 1.15
78 1.13
79 1.12
80 1.11
81 1.10
82 1.09
83 1.08
84 1.07
85 1.06
86 1.05
87 1.04
88 1.03
89 1.02
90 S 1.01

RETURN PERIODS OF

5-YR 10-YR 25-YR
2.54 2.97 3.48
2.50 2.93 3.44
2.47 2.90 3.36
2.44 2.86 3.35
2.41 2.83 3.32
2.38 2.79 3.28
2.35 2.76 3.24
2.33 2.73 3.20
2.30 - 2.70 3.17
2.27 2.67 3.14
2.25° 2.64 3.10
2.22 2.61 3.07
2.20 2.59 3.04
2.18 2.56 3.01
2.15 2.53 2.98
2.13 2.51 2.95
2.1 2.48 2.92
2.09 2.46 2.89
2.07 2.44 2.86
2.05 2.41 2.84
2.03 2.39 2.81
2.01 2.37 2.79
1.99 2.35 2.76
1.97 2.33 2.74
1.95 2.31 2.7
1.93 2.28 2.69
1.92 2.26 2.67
1.90 2.25 2.64
1.88 . 2.23 2.63
1.86 2.21 2.61
1.85 2.19 2.58
1.83 2.17 2.55
1.82 2.15 2.53
1.80 2.14 2.50
1.79 2.12 2.48
1.77 2.10 2.46
1.76 2.08 2.43
1.74 2.06 2.41
1.73 2.04 2.39
1.72 2.02 2.37
1.70 2.00 2.34
1.69 1.99 2.32
1.68 1.97 2.30
1.68 1.95 2.28
1.66 1.93 2.26
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{ ATTACHMENT A CONTINUED

- Page 3
_)1
7 DURATION RETURN PERIODS OF
| IN MINUTES 1-YR 2-YR -YR 10-YR 25-YR
1 91 1.00 1.23 1.65 1.92 2.24
j 92 1.00 1.22 1.63 1.90 2.22
93 0.99 1.21 1.62 1.89 2.20
- 94 0.98 1.20 1.61 1.87 2.19
| Y5 0.97 1.19 1.59 1.85 2.17
4 96 0.96 1.18 1.58 1.84 2.15
97 0.96 1.17 1.57 1.82 2.13
1 98 0.95 1.16 1.56 1.81 2.12
J 99 0.94 1.15 1.54 1.80 2.10
100 0.93 1.14 1.53 1.78 2.08
] 101 0.93 1.13 1.52 1.77 2.07
) 102 0.92  1.13 1.51 1.75 2.05
103 0.91 1.12 1.50 1.74 2.04
104 0.90 1.1 1.49 1.73 2.02
105 0.90 "~ 1.10 1.47 1.72 2.0
106 0.89 1.09 1.46 1.70 1.99
107 0.88 1.09 1.45 1.69 1.98
| - 108 0.88 1.08 1.44 1.68 1.96
e 109 0.87 1.07 1.43 1.67 1.95
110 0.87 1.06 1.42 1.65 1.93
111 0.86 1.06 1.4 1.64 1.92
112 0.85 1.05 1.40 1.63 1.91
113 0.85 1.04 1.39 1.62 1.89
114 0.84 1.03 1.38 1.61 1.88
115 0.84 1.03 1.37 - 1.60 1.87
- 116 0.83 1.02 . 1.36 1.59 1.86
117 0.82 1.01 1.36 1.58 1.84
118 0.82 1.01 1.35 1.57 1.83
119 0.81 1.00 1.34 1.56 1.82
120 0.8] 0.99 1.33 " 1.55 1.81
DURATION . RETURN PERIODS OF
IN HOUKS 1-YR 2-YR - 5-YR 10-YR 25-YR
2 0.81 0.99 1.33 1.55 1.81
3 0.59 0.72 0.97 1.13 1.32
4 0.47 0.58 0.78 0.91 1.06
5 0.40 0.49 0.66 0.77 0.89
6 0.35 0.42 0.57 0.67 0.78
8 0.28 0.34 0.46 0.53 0.62
10 0.23 0.29 0.39 0.45 0.52
12 0.20 0.25 0.33 U.39 0.45
18 0.15 0.18 0.24 0.28 0.33
24 0.12 0.15 0.20 U.23 0.27
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Appendix A.—TABLES

Table 1.——Manning roughness coeflicients, n!

Manning'’s
1. Closed conduits: n range ?
A. Concrete PIP8...cccecenacacacmamoconmmaemnamamaoncoores 0.011-0.013
B. Corrugated-metal pipe or pipe-arch:
1. 23¢ by 14-In, corrugation gl:eted pipe):?
a. Plain or (ully coated. . cenooococmanauaccnoamcraneas 0.024

b. Paved Invert (rango values are for 25 and 50 percent

of clrcumference paved):
(1) Flow fulldepth. .. ovoaomienacmcammmacnanceee- 0.021-0.018
g Flow 0.8 depth . 0.021-0.016

2. 8 by 2-in. corrugat!
C. Vitrified clay pipe...-socaua-
D. Cast-lron pipe, uncoated. .. oo ooccememacmcmaccnmnanneas 0.013
E. 8t0€) PIPO.cu-cccucemmmanncoammmmammmenmcor s oes 0.009-0.011
F. Brick_..__..... e ammmmmceembsssemsaceccesseneean 0,014-0.017
@G. Monolithic concrete:

Flow 0.8 dePtb
on

1. Wood forms, rOUgh. . cueommcm e eamcicvcaannnnee 0.015-0.017

I
]
]
]
]
I
D 2 rosttogm oo T
J
]
»
I
]

H. Cemented rubble masonry walls:
1. Concrete floor and top..-. 0.017-0.022
2. Nstursl floor.......-.
1. Laminated treated wood
J. Vitrified clay liner plates. .. .c.uccecemuoommaomoaancaen

I1. Open channels, lined ¢ (straight alinement): §
A. Concrete, with surfaces as indicated:
1. Formed, no finish.._. -
2 Trowel AniSh. - oo —ooeecccomcammmeommeemsmmenan
3. Float finish_..
4. Float finish, somo gravel on bottom
5. Qunlte, good section. o ocoiueerioeaionnn
6. Gunite, wavy sectlon._.......
B. Concrete, bottom float finished, sl
1. Dressed stone in mortar.......
2. Random stone in mortar. ..
3. Cement rubble masonry......—--

4. Cement rubble masonry, plastered. .

5. Dry rubble (rll)rap) .............. 0. 020-0. 030
C. Grave! bottom, sldes as Indicated:

1. Formed concrete. .._...- .- 0.017-0.020

2. Random stone in mortar. 0.020-0.023

3. Dry rubble (riprap)...

1. 8mooth. e camccciceemmmecccccmeomamemaccmamamanoas 0.013
0.018
............ 0.011-0.013

1. G00G 88CtIOM . oo cccccmmem e e ce e 0.017-0.020
2. Trregular 8eCtloN oo occoenmcimmmmmaccoacmmma e 0.022-0.027

111. Open channels, excavated 4 (straight allnement,t natural
lining): \ :

A. Earth, uniform section: :
1. Clean, recently completed. .. .oooumcevenceen
2. Clean, sfter weatherlng. - ocooecacemconacennaaes
3. With short gras3, few weeds
1. In gravelly soll, uniform section, clean,

B. Earth, falrly uniform sectlon:
1. No vegetation......-----
2. Grass, some weeds
3. Dense weeds or a
4. Bides clean, gravel bottom. . occamuccccvccnannnn
5. Bides clean, cobble bottom..

C. Dragline excavated or dredged

- 0.018-0.018

1. No vegetation......—..- 0.028-0. 033
2. Light brush on bsanks 0. 035-0. 050
D. Rock:
1. Based on design sectlon. covocrcuncmacmencamcoonnanans 0.035
2. Based on actual mean section:
a. Smooth and UDHOrM . o acmemcomemmt ccc e mmeaeao 0.035-0.040
b. Jai};ed and Jrregular..coececucarommmocac e mnanns 0.040-0. 045
E. Chanunels not maintalned, weeds and brush uncut:
1. Dense weeds, high as flow depth. o _cooiuemceeoannns 0.08-0.12
2. Clean bottom, brush on sides. . .ecoveromeccnucnaunnon 0. 05-0.08
3. Clean bottom, brush on sides, highest stage of flow... 0.07-0.11
4. Dense brush, high stage. . ocemimcnccomannmmuanas 0.10-0.14

100

D Footnotes to table 1 appear at the top ollpage 101

1v.

V.

VL

Highway channels and swales with maintained vegetation ¢ 7
(values shown are for velocities of 2and 6 {.p.8.):
A. Degtb of flow up to 0.7 foot:
1. Bermudagrass, Kentucky bluegrass, buflalograss:
a. Mowed to 3
b. Length 4-8 Inches. . oocourecoammraaearcerneaaas
2. Good stand, any grass:
a. Longth about 12 fnches. ..o ooemmmomeecncocnnnes
b. Length about 24 Inches . oo memmiemnaccocienenn
3. Falr stand, any grass:
a. Length about 12 Inches
’ b. Len%t.h about 24 inches
B. Depth of flow 0.7-1.5 feet: )
1. Bermudagrass, Kentucky bluegrass, buffalograss:
a. Mowed to 4 inches
b. Length 4 to 6 inches
2. Good stand, any grass:
a. Length sbout 12 inches. o ceeommommcccococmanaanan
b. Length about 24 inches.........
3. Falr stand, any grass:
a. Length about 12 Inehos. oo moeecimmemcencnocomaanan
b. Length about 24 Inches. oo ocmmiaacmccceicnaannan

Slreet and expresaway gutters:
A. Concrete gutter, troweled finish -
B. Asghnlt pavement:
1. Smooth texture. ..o ccmmmmrocecmcemrme oo mem e
. 2. Rough texture
C. Concroto gutter with asphalt pavement:
1. Bmooth
2. Rough
D. Concrete pavement:
1. Float finIsh. . ceeeceaceommaecciemeemecemcnemaeenaen
2. Broom nlsh. o canoceeiccnrcinneosnamenaeas
E. For gutters with small slope, where sediment may accu-
mulate, Increase above values of # | 32,

Natural stream channels:!
A. Minor streams * (surface width at flood stage less than 100

ft.):
. Falrly regular scction:
a. Some grass and weeds, little or no brush...c.aeeoo
b. Denss growth of weeds, depth of flow materlally
eater than weed beigh
¢. Bome weeds, light brush on banks.....
d. 8ome weeds, heavy brush on banks...
o. Some weods, dense willows on banks. ..oeocoeceees
{ For trees within channel, with branches submerged
at high stage, increase all above values by...--
2. Trregular scctions, with pools, slight channel meand:
increase values glven In 1a-6 about. ..cceccoeocoaene
3. Mountsin streams, no vegetation in channel, banks
usually steef), trees and brush salong banﬁs sub-
merged at high stage:

-

Mannlng's
7 range ?

. 0.07-0.045

0.09-0.05

0.18-0.09
0.30-0.15

0.14-0.08
0.25-0.13
0.05-0. 035
0.06-0.04

0.12-0.07

- 0.20-0.10

0.10-0. 08
0.17-0.09
0.012

0.013
0.016

0.013
0.015

0.014
0.018

0.002

0. 030-0. 035
0. 035-0. 05

a. Bottom of gravel, cobbles, and few boulders 0.04-0.08
b. Bottom of cobbles, with large boulders 0.05-0.07
B. Flood plains (adJacent to natural streams):
1. Pasture, no brush:
8, Bhort grass.ccoceeenmcceomensvrmmonccnnoensaan 0. 030-0. 035
b. High grass..ccceacccclomnnn deccninenmanaees 0, 035-0. 05
2. Cultivated arcas:
8. NO CTOP- eceerenccrmennmnmemmrsmnnmmamcansmanmmaeos 0.03-0. 04
“b. Mature 10W CropPS. cemcnocemamcuncmoacmuenmemaammse 0. 035-0. 045
¢. Mature fleld crops...... . 0.04-0.05
3. Heavy weeds, scattered brush...cooceeenaecoocenneea- 0.05-0.07
4. Light brush and trees: 1
a. Winter 0. 05-0.08
b. Summer 0. 06-0.08
5. Madium to dense brush: 10
a. Winter 0.07-0.11
b. SUIMMOr v ewccmmmmmaesmmmo=moen=aoncs - 0.10-0.18
6. Dense willows, summer, not bent over by current.... 0.15-0.20
7. Cleared land with tree stumps, 100-150 per acre:
8. NOSPIOUtS.cocommonocacccmaaanaennenonmmmnosenns 0.04-0.05
b. With heavy growth of 8prouts.ccceceen-oorennonn-- 0.06-0. 08
8. Heavy :}tlnnd of tjmber, a few down trees, 1ittle under-
growth: .
a. Flood dopth below branches. .....c.oceerceenceea- 0.10-0. 12
b. Flood depth roaches branches. .. ...cocoecoanoace-- 0.12-0.16
C. Malor streams (surface width at flood stage more than
100 £t.): Roughness coefliclent is usually less than for
minot streams of shmilar description on account of less
effective resistance offered by irregular banks or vege-
tatlon on banks. Values of n may be somewhat re-
duced. Follow recommendation in publicatlon cited ¢
it possible. The value of 7 for lsrgar streams of most
regular section, with no boulders or rush, may be in the
LY ettt 0. 028-0. 033
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