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PEAK FLOW

(CFS)
106.

EAK STORAGE
(AC-FT)
5.

PEAK STAGE
(FEET)
154.85

TIME
(HR)
12.50

TIME
(HR)
12.50

TIME
(HR)
12.50

CUMULATIVE AREA =

% ek *kh

FOREST LAKES WEST ADDITION

0.08 sQ MI

e dede

HYDROGRAPH AT STATION POND4
FOR PLAN 1, RATIO = 1.00

6-HR

(CFS) 34.
(INCHES) 3.966
(AC-FT) 17.

6-HR
2.

6-HR
153.57

CUMULATIVE AREA =

MAXIMUM AVERAGE FLOW

24-HR
10.
4. 764
20.

MAXIMUM AVERAGE STORAGE

24-HR
1.

MAXIMUM AVERAGE STAGE

24-HR
152.88

0.08 sa Ml

72-HR

72-HR
1.

72-HR
152.88

kK

24.00-HR
4.764
20.

24.00-HR
1.

24.00-HR
152.88



FOREST LAKES WEST ADDITION

FLOWS IN CUBIC FEET PER SECOND, AREA IN SQUARE MILES

[:1 PEAK FLOW AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS
TIME TO PEAK IN HOURS

RATIOS APPLIED TO PRECIPITATION

OPERATION STATION AREA  PLAN RATIO 1 RATIO 2 RATIO 3 RATIO 4
0.45 0.68 0.90 1.00
DYDROGRAPH AT EAST 0.04 1 FLOW 25. 56. 87. 102.- Pre wevELwpeb ELv E
TIME 1217 1247 12.17 1217
4YDROGRAPH AT WEST 0.08 1 FLOW 23. 55. 89. 106.- PREDEVELEPED FLW W
TIME 12.75  12.67  12.67  12.67
HYDROGRAPH AT 100 0.06 1 FLOW 35. 71. 108. 125 - Po5T- DELELLPED FLW 1o
TIME 12.08  12.08  12.08  12.08
DIYDROGRAPH AT NBFL 0.1 1 FLOW 58. 118. 178. 207. - DEVELOPOD F L N.
TIME 12,42 12.42  12.42  12.33
2 COMBINED AT  QN2#1 0.15 1 FLOW 79. 162. 246. 286.. Fpip onlo &1
O TIME 12.25 12,25 1217 12.17 TotaL Qun P
ROUTED TO POND1 0.15 1 FLOW 37. 82. 143. 172. - Radzd FLoww‘ca{' Ponp & |
TIME 13.00  12.92  12.75  12.75 .
<\Beks ok Vi (BFoRE RN
** PEAK STAGES IN FEET ** :
1 STAGE 139.50  140.29 140.93 141.22_uw PoMp &
TIME 13.00 12.92  12.75  12.75 H (-2.4' from mymf)
J FlL.
IYDROGRAPH AT MDBFL 0.09 1 FLOW 98. 173. 247. 282. ,
C) TIME 1208 12.08  12.08 12.08 VEVELOEED FL'M
2 COMBINED AT  QN2FL2 0.24 1 FLOW 109. 201. 295. 340._
D TIME 1208 1508 12.08 12.08 lotAL Gun Fono 42 FL.
ROUTED TO FLPD2 0.24 1 FLOW 6. 39. 90.  M9.- Boyted Flow oxt ot Poup 2 g
TIME 23.83  15.25  14.00  13.75 \
< 92 chy olvi (polere Revioiod)
** PEAK STAGES IN FEET ** -
1 STAGE 138.05 138.71 139.38  139.72_ |11/ craip i , \
TIME 392 1525 100 1375 BW PO B2 Al (o6 KoL ovina
{YDROGRAPH AT SBFL 0.09 1 FLoW 75. 140. 207. 239. - pwb(,,?&j EL 5
TIME 12.08  12.08  12.08  12.08
2 COMBINED AT  QN2FL3 0.33 1 FLOW 75. 140. 207. 239.- Totme Qw1 PR 3% E L,
D TIME 12.08  12.08  12.08  12.08 -
ra ! {
R0UTED TO FLPD3 0.33 1 FLOW 32. 58. 101. 135. - Ryvfed Klow ot T ?’iua B2 FL .
TIME 12,50  12.50  14.33  14.08 . i
<2l efs ebvv (J@d’m(, Revtserd )
** PEAK STAGES IN FEET ** e e i A -
D 1 STAGE 135.40  135.89 136.45 136.77- =W YoM0 #F EL. (0.9 fvom FLorquee
TIME 12.50  12.50  14.33  14.08
HYDROGRAPH AT 200 0.01 1 FLOW 10. 22. 34. 39. 1. o FLY 260
U TIME 12.08  12.08  12.08  12.08 |°7 Leveler
[ ;L Y] ,
ROUTED TO POND2 0.01 1 FLoW 5. 14. 23. 28. - Qoted Flow ol o7 Porip £ PV
TIME 12.42  12.33  12.25  12.25
B ** PEAK STAGES IN FEET ** e,
1 STAGE 153.35  153.65  153.91 154.04 - i}/ orld &7 Fun
TIME 12.42  12.33  12.25  12.25
| GHYDROGRAPH AT 300 0.03 1 FLOW 17. 37. 59. 70. - ?’G:’f’@&v’t’iﬂ?‘«é (LW Ber
TIME 12.17  12.08  12.08  12.08
2 COMBINED AT  QN2#3 0.04 1 FLOW 20. 49. 80. %. . Tokl R Py £ FLy
U TIME 1217 1217 12.47 127 .
n i L b, [ -y
ROUTED TO POND3 0.04 1 FLOW 18. 43. 65. 7h. 3 Yo tlow oP1 ST PO B £l
TIME 12.25  12.33  12.33  12.33 orit

M



FOREST LAKES WEST ADDITION

** PEAK STAGES IN FEET ** H M/
1  STAGE 153.11 153.57 154.31 154.72 -
2 -HN foup #2 FL

3

TIME 12.25 12.33  12.33  12.3
YDROGRAPH AT 400 0.04 1 FLOW 27. 56. 85. 99. -2, b e lep€ 1= )
D' TIME oo nes 1zes 1206t ool Revelard FLw 4o
COMBINED AT  QN2#4 0.08 1 FLO . %. 141. 1620 T mb g o R LA w0
2 compiE 2 TIME o 12 12y oy (TR G ?UND%I FLwv
o L b ren ek B
E[OUTED T0 POND4 0.08 1 FLOW 18. 48. 87. 106.~ Roted flowr ooX of Fonv b4 Flu
TIME 12.75  12.67  12.58  12.50

< ok (/j(‘) (’?Ffi - RevedypreEd b W P.:wbm.>
** PEAK STAGES IN FEET ** -
1 STAGE 153.25 154.01 154.61 154.85 ) ,
TIME 7 1267 1258 12.50 ~ AW Ponp oo #4 FLp

x* NORMAL END OF HEC-1 ***

o O

Fov peNb2 %}7/ a 42 ) PhckwnTer Fram PorlO {4 4-

WL Boverd L/ )0 Podos §2,83, & 44 W = [54.9

e T i T s T e T s N s T s s Y e O e Y s N s W e
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CITY OF WICHITA, KANSAS

ATTACHMENT A
DRAINAGE CRITERIA MANUAL

RAINFALL INTENSITY TABLE FOR SEDGWICK §0UNTY, KANSAS

The following tabulation contains rainfall intensity in inches
per hour as derived from ESSA Weather Bureau Technical Paper
40 Modified to NWS Hydro-35, 1977 During First Hour

DURATION |

IN MINUTES 1-YR 2-YR
5 4.18 5.57
6 3.99 5.32
7 3.81 5.09
8 3.66 4.89
9 3.52 4,70
10 3.39 4,52
n 3.27 4,36
12 3.18 4.21
13 3.05 4,08
14 2.96 3.95
15 2.87 3.83
16 2.78 - 3.72
17 2.7 3.61
18 2.63 3.51
19 2.56 3.42
20 2.50 3.33
21 2.44 3.25
22 2.38 3.17
23 2.32 3.10
24 2.27 3.03
25 2.22 2.9
26 2.20 2.90
27 2.16 2.84
28 2.14 2.78
29 2.11 2.72
30 2.08 2.67
31 2.05 2.62
32 2.02 2.57
33 1.99 2.52
34 1.96 2.48
35 1.93 2.44
36 1.91 2.39
37 1.89 2.35
38 1.87 2.32
39 1.85 2.28
40 1.83 2.24
41 1.81 2.21
42 1.79 2.18
43 1.77 2.14
44 1.75 2.11
45 1.73 2.08

RETURN PERIODS OF
~ 25-YR

5-YR 10-YR
6.53 7.41
6.25 7.09
5.99 6.81
5.75 6.55
5.54  6.31
5.34 6.09
5.16 5.89
4.99 5.71
4.84 5.53
4.69 5.37
4,56 5.22
4.43 5.08
4,31 4.95
4.20 4.83
4.10 4.71
4.00 4.60.
3.90 4.50
3.8 4.40
373 4.3
3.65 4.22
" 3.57 4.13
3.50 4.05
3.43 3.98
3.37  -3.90
3.30 3.83
3.24 3.76
3.19 3.70
3.10 3.63
3.05 3.57
3.01 3.5]
2.98 3.46
2,93 3.41
2.88 3.36
2.84 3.31
2.80 3.26
2.76 3.22
2.72 3.17
2.68 3.13
2.64 3.09
2.61 3.05
2.57 3.01

8.52

8.16

7.84
7.55
7.28
7.04
6.81
6.60
6.41
6.23
6.06
5.90
5.75
5.61
5.47
5.35
5.23
5.12
5.01
4.91
4.81
4.72
4.63
4.55
4.47
4.39
4.32
4.25
4.18
4.1
4.05
3.99
3.93
3.87

3.82

3.76
3.7
3.66
3.61
3.57
3.52

7.66
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ATTACHMENT A CONTINUED

- Page 2
DURATIOH
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
-b9 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
Al 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
8Y 1.02
90 1.01

RETURN PERIODS OF

"5-YR

2-YR
2.05 2.54
2.02 2.50
2.00 2.47
1.97 2.44
1.95 2.41
1.92 2.38
1.89 2.35
1.86 2.33
1.84 2.30
1.81 2.27
1.79 2.25
1.76 2.22
1.74 2.20

1.72 2.18
1.69 2.15
1.67 2.13
1.65 2.11
1.63 2.09
1.61 2.07
1.59 2.05
1.57 2.03
1.56 2.01
1.54 1.99
1.52 1.97
1.50 1.95
1.49 - 1.93
1.47 1.92
1.46 1.90
1.44 1.88°
1.43 1.86
1.41 1.85

. 1.40 1.83
1.38  1.82
1.37 1.80
1.36 1.79
1.34 1.77
1.33 1.76
1.32 1.74
1.31 1.73
1.30 1.72
1.28 1.70
1.27 1.69
1.26 1.68
1.25 1.68
1.26 1.66

10-YR

2.97
2.93
2,90
2.86
2.83
2.79
2.76
2.713
2.70
2.67
2.64
2.61
2.59
2.56
2.53
2.51
2.48
2.46
2.44
2.41
2.39.

2.37

2.35

—t et o ed =t et PN PN
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25-1R 50-YR
3.48 3.93
3.44 3.88
3.39 3.84
3.35 3.79
3.32 3.75
3.28 3.7
3.24 3.67
3.20 3.63
3.17 3.59
3.14 3.55
3.10 3.51
3.07 3.48
. 3.04 3.44
3.01 3.41
2.98 3.37
2.95 3.34
2.92 3.31
2.89 3.28
2.86 3.25
2.84 3.22
2.81 3.19
2.79 3.16
2.76 3.13
2.74 3.10
2.7 3.08
2.69 3.05
2.67 3.02
2.64 3.00
2.63 2.98
2.61 2.95
2.58 2.93
2.55 2.90
2.53 2.88
2.50 2.86
2.48 2.84
2.46 2.82
2.43 2.79
2.41 2.76
2.39 2.74
2.37 2. 71
2.34 2.69:
2.32 —2.606
2.30 2.64
2.28 2.62
2.26 2.59
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DURATION
IN MINUTES

91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

- 110

111
112
113
114
115
116
117
118
119

120.

DURATION
IN HOUKS
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ATTACHMENT A CONTINUED
Page 3
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RETURN PERIODS OF

* 5-YR

1.65

1.63

1.62
1.61
1.59
1.58
1.57
1.56
1.54
1.53
1.52
1.51
1.50
1.49
1.47
1.46
1.45
1.44
1.43
1.42
1.41
1.40
1.39
1,38
1.37
1.36
1.36
1.35
1.34
1.33

RETURN PERIODS OF

5-YR
1.33
0.97
0.78
0.66
0.57
0.46
0.39
0.33
0.24
0.20

10-YR

1.92
1.90
1.89
1.87
1.85

.1.84

1.82
1.81
1.80
1.78
1.77
1.75
1.74
1.73
1.72
1.70
1.69
1.68
1.67
1.65
1.64
1.63
1.62
1.61
1.60
1.59
1.58
1.57
1.56
1.55

25-YR

2.24
2,22
2.20
2.19
2.17
2.15
2.13
2.12
2.10
2.08
2.07
2.05
2,04
2.02
2.01
1.99
1.98
1.96
1.95
1.93
1.92
1.91
1.89
1.88
1.87
1.86
1.84
1.83
1.82
1.81

10-YR 25-YR
1.55 1.81
1.13 1.32
0.9 1.06
0.77 0.89
0.67 0.78
0.53 0.62
0.45 0.52
0.39 0.45
0.28 0.33
U.23~ 0.27

oco—-'wmonooom.pm\uo—'mu-.

50-YR 100-YR
2.57 2.86
2.55 2.83
2.53 2.81
2.51 2.79
2.49 2.76
2.46 2.74
2.44 2.72
2.42 2.70
2.41 2.67
2.39 2.6
2.39 2.6
2.35 2.6
2.33 2.5
2.31 2.5
2.30 2.5
2.28 2.5
2.26 2.5
2.25 2.5
2.23 2.4
2.21 2.4
2.20 2.4
2.18 2.4
2.17 2.4
2.15 2.4
2.14 2.3
2.12 2.36
S 2.11 2.35
2.09 2.33
2.08 2.32
2.07 2.30
50-YR 100-YR
2.07 2.30
1.51 1768
1.21 1.35
1.02 1.14
0.89 0.99
0.71 0.79
0.60 0.67
.52 0.58
0.38 0.42
0.31

0.34
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RTMENT OF AGRICULTURE
RVATION. SERVICE

EXtig /T]ZZZ" 7

_ =48l _

" SOIL LEGEND

Vernon sandy loam, 3 1o 6 percent sioges
¥aldeck sandy loam
Yaunky silt loom

sYMBOL HYDROLOGIC NAME
Geoup .
Aa B Albion—Shellabarger sandy toams, | to 4 percent siopes
Ab B Albion and Shellabarger sandy leams, 7 to 15 percent slopes
Ba < Blanket sittjoam, O to 1 peccent slopes ~
Bb C Blanket silt toam, 1 Lo 3 percent siopes
Ca B Canadian fine sandy loam
Co B Canadian—Waldeck fine sandy toams
Cc > " Carwile fine sandy loam . -
Cd B Clark—Ost clay toams, 1 to 4 percent stopes
Ce ¢ _Clime sitly clay, 3 1o § percent slopes .
. Es 8 Elandco sift toam : -
Eb B Elaadco silt 1oam, occasionally (1coded
- Ec B Elandco silt toam, {réquently floosed
Fa B Farnum loam, 0 to 1 percent slopes - -
fb B8 Faraum toam, 1 to 3 percent slopes N
Fe B Farnum loam, sandy substratum, 0 to | percent slopes .
" Ga D -Goessel sitty clay, O to 1 percent slopes
Gb D Gerssel silty clay, 1 to 2 percent slopes
la p . Irwin silty clay loam, 1 to 3 percent slopes
fb D Irwin silty clay loam, 3 10 6 percent sicpes
fe. D frwin silty clay loam, 2 to 6 percent slopes, eroded
La fd Lesho loam
. Lb A Lincoln soils
Ma B Mitan loam, 1 to 3 percent slopes .
Mb B Milan toam, 3 to 6 percent slopes
Mc & Milan clay Joam, 2 to 6 percent slopes, eroded
- Na B Naron fine s3ndy loam .
Oc D Owens cl’:ly toam, 1 to 3 percent stopes
od D Qwens—Rock outcrop complex, 3 to 10 percent slopes
Pa Pits )
Pb D Plevaa tine sandy loam
A Pc A Pratt loamy fine sand, undulating
Pd A Pratt—Tivoli complex, rolling -
Ra D Renfrow siity clay loam, I to 3 percent stopes
Rb D Renlrow siity clay loam, 3 to 6 percent slopes .«
Re > ) Realrove~Qwens clay taams, 1 10 4 percent slopes .
Rd D. Rasehitl silty clay, 1 10 3 percent slopes ’
Sa B Shellabarger sandy foam, 1 to 3 percent slopes
Sb B Shellabarger sandy 1oam, 3 o 6 percent slopes
. Sc hed Shellabarger sandy loaam, 3 to 6 percent slopes, eroded R
Ta D - Tabler silly clay loam
. Tb D Tabler~Orummond complex .
Ua 8 Urban land—-Canadian complex R
U B Utban land—Elandco complex
Uc B Wban land—Farnum complex, 0 103 percent stopes
Ud ) Urban 1and—lrwin complex, 1 to 3 percent slopes
Ue D Urtan land—Tabler complex
Va 8 Vanoss stit loam, 0 to 1 percent stopes
. Vb B Vanoss silt loam, 1 to 3 percent slopes
Ve B Vanoss silt foam, 3 to 6 percent siopes
Vd 8 Vanoss silt loam, 3 to & percent slopes, eroded '
Ve D Vernon sandy loam, 1 to 3 percent slopes T
2]
[
D

© —

+ —



G@._D@G@@D@DMLJQJD@@D@@

Tablel. Runoff Curve Numbers for Selected Areas For Antecedent Moisture Condition il
(for 1la=0.2*S) Selected Conditions Only — Reproduced from USDA, SCS (1986}

lly developed urban areas (vegetation established
Cover Description

Average %
Cover Type impervious
Hydrologic_Condition Area

Curve numbers for
hydrologic soil group -

A B C D

Open space (lawns, parks,golf courses, cemaeteries, etc)
Poor condition (grass cover < 50%)
Fair condition (grass cover 50 to 75%)
Good condition (grass cover > 75%)
Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding right-of-way)
Streets and roads:
Paved: curbs and storm sewers (excluding right-of-way)
Paved: open ditches (including right-of-way)
Gravel (including right-of-way)
Dirt lincluding right-of-way)
Urban districts:

68 79 86 89
49 69 79 84
39 61 74 80

98 98 a8 98

98 98 98 98
83 89 92 93
76 85 89 91
72 82 87 89

Commercial and business 85 g6 96 96 96
Industrial 72 81 88 91 93
Residential districts by average lot size: .
1/8-acre or less (townhouses) 65 77 85 90 92
1/4-acre ' 38 61 75 83 87
1/3-acre 30 57 72 81 86
1/2-acre 25 54 70 80 85
1-acre 20 51 68 79 84
2-acre 12 46 65 77 82
Rural areas Cover
Hydrologic  Hydrologic Soil Group
Land Use Treatment or Practice Condition A B C 9]
Fallow Straight row — 77 86 a1 94
Row crops Straight row poor 72 81 88 91
Straight row good 67 78 85 89
Contoured poor 70 79 84 88
Contoured good 65 75 82 86
Contoured and terraced poor 66 74 80 82
Contoured and terraced good 62 71 78 81
Small grain Straight row poor 65 76 84 88
Straight row good 63 75 83 87
Contoured poor 63 74 82 85
Contoured. good 61 73 81 84
Contoured and terraced poor 61 72 79 82
Contoured and terraced good 59 70 78 81
Pasture or range poor 68 79 86 89
fair 49 69 79 84
good 39 61 74 80
Meadow good 30 58 71 78
Woods poor 45 66 77 83
fair 46 60 73 79
good 25 55 70 77
Farmsteads 59 74 82 86

Roads (dirt, including right-of-way) —
(hard surface, including right of way) -




ATTACHMENT D™

)

DRAINAGE CRITERIA
CITY OF WICHITA, KAMNSAS

RECOMMENGED RUMOFF COEFFICIENTS FOR RATIONAL METHOD
AND PERCENT IMPERVIOUS FOR UNIT HYDRUGRAPH METHOD

Land Use or Percent Frequency
{j Surface Characteristics Impervious 2 3 10 100
1. Business: .
Downtown Areas 95 0.84 0.85 0.87 0.91
[: Neighborhood Areas 70 0.68 0.69 0.73 0.80
2. Residential:
Single Family (Soil Group D)
[: 1/8 Acre 50 0.57 0.61 0.66 0.79
1/4 Acre 38 0.50- 0.54 0.62 0.76
1/3 Acre 30 70.46 0.50 0.59 0.73
[} 1/2 Acre | 25 - 0.42 0.48 0.56 0.72
3/4 Acre 22 0.42 0.46 0.55 0.71
1 Acre - 20 0.41 0.45 0.54 0.71
[] Multi-Family (Soil Group D)
Multi-Unit (detached) 60 0.62 0.66 .0.72 0.82
M) Multi-Unit (attached) 65 0.64 0.68 0.73 0.83
’[} o Apartments 75 0.70 0.73 0.79 0.86
Single Family (Soil Group C)
[J 178 Acre 50 . 0.55 0.58 0.64 0.73
1/4 Acre 38 0.48 0.51 0.57 0.68
1/3 Acre 30 0.43 0.46 0.53 0.65
1/2 Acre - 25 0.40 0.43 0.50 0.63
[J 3/4 Acre 22 0.39 0.42 0.49 0.62
1 Acre : . 20 0.37 0.40 0.48 0.61
[] Multi-Family (Soil Group C) |
Multi-Unit (detached) 60 0.60 0.63 0.69 0.77
Multi-Unit (attached) 65 - 0.63 0.66 0.71 0.79
[j Apartiients 75 0.68 - 0.72 0.77 0.83
Single-Fazily (Soil Group B)
1/8 Acre 50 0.52 0.54 0.59 0.67
[} 1/4 Acre 38 . 0.44. 0.46 0.52 0.67T
1/3 Acre 30 0.39 0.41 0.47 ‘0357
1/2 Acre 25 0.36 0.38 0.44 0.54
[] 3/4 Acre 22 0.34 0.36 0.42 0.52
1 Acre 20 0.33 0.35 0.40 0.51
Multi-Fairily (Soil Group B) '
[J Multi-unit {detached) 60 0.58 0.60 665 0.72
Multi-Unit (attached) 65 0.61 -~ 0.64 0.68 0.75
{J Apartuents 75 0.67 0.70 0.74 0.80



g

[]‘”‘. Land Use or Percént ’Frequency .
~ace Characteristics Impervious 2 -3 10 100
[]' Single Family (Soil Group A)
1/8 Acre 50 0.47 0.50 0.54 0.60
1/4 Acre 38 0.39 0.41 0.45 0.52
U 1/3 Acre 30 0.33 0.35 0.39 0.47
1/2 Acre 25 - 0.30 0.31 0.35 0.44
3/4 Acre 22 0.28 0.29 0.33 0.42
[J 1 Acre 20 0.26 0.28 0.32 0.40
Mu]tiQFamily (Soil Group A)
Multi-Unit (detached) 60 0.55 0.57 0.61 0.67
D Multi-Unit (attached) 65 0.58 .  0.60 0.64 0.70
Apartments 75 0.65 0.68 0.72 0.77
[}. Industrial:
Light Areas : 70 0.68 0.69 . 0.73 0.80
Heavy Areas 80 0.74 0.76 0.79 0.84
[jx. Playgrounds: 15 0.33 0.35 0.42 ~0.55
5. Schools: 40 0.49 0.51 0.56 0.66
1:5. Railroad Yard Areas: 30 0.43 0.45 0.50 0.62

Offsite Flow Analysis 45 0.52 0.54 0.59 0.68

[]'”7Undeve1oped Urban Areas:
| (when land use not defined)
[
8
J

. Streets: '
Paved 99 0.87 0.88 0.90 0.93
Gravel 00 0.24 0.26 0.33 0.48
a
. 9. Drive, Parking Lots and Walks: 96 0.87 0.87 0.88 0.89
r]w. Roofs: 90 0.80 0.85 0.90 - 0.93

—11. Urban Lawn Areas (See Note No. 1 below):
Soil Group A '

D STope less than 1% 00 0.08 0.09 0.13 0.23

Slope 1% to 4% 00 0.12 0.13 0.17 0.27

Slope more than 4% 00 0.16 - 0.17 0.21 0.31

[] Soil Group B S

Slope less than 1% 00 0.16 0.18 0.24 0.37

Slope 1% to 4% 00 0.20 0.22 0.28 0.41

[J Slope more than 4% 00 0.24 0.26 0.32 0.45
Soil Group C

[} Slope Tess than 1% 00 0.24 0.27 0.35 : 0.51

Slope 1% to 4% - 00 0.26 0.29 03 0.53

Slope more than 4% 00 0.28 0.31 0.39 0.55
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Land Use or Percent Frequency )
“ice Characteristics Impervious F3 2 10 100
Soil Group D . _ .
Slope less than 1% 00 0.28 0.33 0.43 0.63
Slope 1% to 4% 00 0.30 0.35 0.45 0.65
Slope nmore than 4% 00 0.32 0.37 0.47 0.67

h
Note No. 1: Coefficients shown in the above table are for pervious open space
areas with thick turf which includes pervious areas in parks and cemeteries.
Coefficients shown above must be increased 0.02 for use with dgricultural
pasture areas. Coefficients shown above must be reduced by 0.04 for use with
agricultural cultivated areas. Group A soils are well-drained, 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

very slow infiltration rates.

320 acres or larger.

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

GENERAL NOTE: These Rational Formula Coefficients may not be valid for basins

B 2T
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TURNING LINE

Equation: Q = 056 —%— s% d%

n is roughness coefficient in Man-
ning formula appropriate to' material
in bottom of channel

Z is reciprocal of cross slope

Reference: H. R. B. proceedings 1946,
page 150, equation (14)
Example (see dashed lines)

.10

.08
.07
.06

.05

.04

.03

Given: s = 003 2 = 1200 — 100
z=24) 2n= =

n = %ol — 50
d =022 — 30 .
Find: Q = 2.0CFS | R
T T wE10 =
<:s\\\ OFE 5 L
T - —_— 2 3 =
wE 1 o
CEs =
— =
< |- .3 <
L2 T
or O
D=1 e
- “Eos O
INSTRUCTIONS — 03 W
1. Connect z/n ratio with slope all '02 %
(s) and connect discharge (Q) - bt}
with depth (d). These two lines — .01 &

must intersect at turning line
for complete solution.

2. For shallow

v-shaped channel
as shown use nomograph

withz = 1T
d

=

dl
! /a\ r T

3. To determine Cf
discharge Q,, in
portion of channel
having width x: . X
determine depth d for total discharge in
entire section a. Then use nomograph
to determine
Qy, in section b for depth.

>

7T

— (%)

o0 (3) ¢
z ] P F
i 'Y
oo . dq @ 1
4. To determine discharge in
composite section: — —
follow instruction 3. To ,
obtain discharge in X —=— 7,d
section a at =Z, (d~d)

assumed depth d: obtain
Q,, for slope ration Z;, and
depth di, then Qr =Q,*Q,
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. 33 3 3 . 3 g3 3 43

1 056 o 16705267 ©
N c
N 5
N o ‘EXAMPLE:  GIVEN: *
s N=0016; Syx=0.03 o
$2004; T=6FT 0.8
02 FIND: 0.6140
- Q =2.4 FTYs 4
Qn=0038 FTYs i
0.4
—O.1 W .
- 0.08 Z _eo
- 3 T(FT)
~0.06 © : 5
= <
: = 30 0.2 -
0.04 Z] 1
I‘-\\\ SX % 10
AN = . v C g
. ~001I 20 o L
[~ 0.02 \\ t: o‘ I — 6
N B 4 ~ -1
N N < 008
00! N, [0 - C oo0sq%
" . 10— i
- 0.008 g - -
-0, 8 0044
| 0008 - 004 _ ‘ 1 e ,
- 0.004 - | 6T T .
i -0.06 N o= i i
C 0,08 ‘ 4 002+
~0.002 C o ' 11
L 3 -08
L 0.001 001706
[ T - 2 - 0008 -1
~ l o4
M 1) For V-Shape, use the nomograph with 0.006 4
4/ Sy2 Sx =Sy SXZ/(SX|+ Sx2) -1
‘ 0.004
L._.. T 2) To determinedischarge in gutter with L'O&
W _‘t‘_ Ts composite cross slopes, find Qs using
Qw :.QS Ts and Sy. Then, use CHART 4 to
Sy find Eo. The total discharge is
o Q=Qs/(1-Eo), and Quw=Q-Qs.

—

CHART 3. Flow in triangular gutter sections.
Feon: HEC-)2 PRAINAGE OF HreHurs /,)471/[//{({/}'5; A A., MMar G8 ¢
23
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CHART 12. Depressed curb—opening inlet capacity in sump locations.
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GRATE OPENING_RAT10
6 —: P-1-7/8-4 ~
o i 1/t
4 |—— Reticuline / // /b ©
« Curved vane Ao
5 | 30° tilt-bor / A/ ////
\ / / / // /
‘ / / / 171
I £
/ , ,//////
osl ,/,/////
. P~ ,/A%,/// ' CURB
057 274 r————
22248 ==\
? v ——| |
|

— L —
A =CLEAR OPENING AREA

P=2W+ L (WITH CURB)

P=2(W+L) (WITHOUT CURB)

1 [ L | i

DISCHARGE Q

CHART 11.

20 30 40 50 60

(FT3/8)

Grate inlet capacity in sump conditions.
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TABLES

CONCRETE PIPE DESIGN MANUAL

98

TABLE 7

TABLE 6

'SLOPES REQUIRED FOR V

2fps

AT FULL AND HALF FULL FLOW

m - o e
— . =
oll ool <ol <oyl = |w|olals| mjololvlv] mial=lolo >,
|| M O QIO (2] [sol[cel I )
ol =S =S558 8381815 SlSlsis(a| ala(ale(s| 8I5ISI8S| e
I olojs|s S|S|elelel oe|ele|e| ole|s|e|e Slololoic] ois|olasls é
(v}
~ |2
<lm|w|ml Novlwolo|o o
ol JlBIN| BIRIE|B|%] 2B 2SN 12213181 BBI58le L
< | SlNN=~ ololololol Slolo|olo| ololalelg| olslelald] 8188818 &
> goooo OP|o|oe| oooiolo| dlooo|ol olodidla| dlolo|cia| 5
@ £
ol @
7 | 2l wlolo|s] =lolvls|— Wil o] |t S
|8 m|—jo| ojoisis] vlololwvln]
2 dIR|mS] wlowl<r|| ™
olilai=l=1=| Slo|o|S|3| 213Ioe3| olalelpla| 2/81818[8| 8i8ISIRI8| &
goooo o|eo|o|o| op|o|o|d| olo|osid| oloioio|d| olo|ols|s| £
s
[1h3
2 £
ollxis|viel suloloigt ol~|ajoln]| mlcf—loloy| o~ INvio] v 2
M o=~ wlw|F|mim] ol SISISIS =
Si=ZIE=lE Selgielel Sieiclelel sloliis| Slalglels| 8RI8IRIS| =
1lo|Sio|e] SiS|o|s|o| Slo|o|e|s| oleleie|o| oloio|s|s| sio|s|sls| &
O
©
— >
.33 :
o 2| colola|w| cof—lt~]o] mlolalo S
87 2l =leilel 2iiRINie aieleles| 3lslvRly slellsly slelnikly| &
S c == =t e -
o< Q
3
O
=z
009vE 00SLE Lre oo'evi ZLxXel 0041t 00.C1 Lo'e L'€Y 8X8
000L¢C 00€6¢ €8¢ 00’811 oL XZ¢ZL 066 00901 vl L1°GS L X8
00861 oovie 08¢ 00'¥6 8XZl 0C6L 09.8 8L'1 Lty 9X8
000€!L 0oLyl 80 00°0L gxzL | ozi9 0£99 091 11°6€ SX8
050 0£9< 651 00°9t vxzi | oewy 06LY 6g'L LUiE X8
00vL2 0062 'S8T zeell | tex 1t | ooes 0888 8L L1sy LXL
oolve 0019¢ e 2e'80lL oL X 11 0S99 00¢L 89°L Ly axXdL
00LLL 00261 Lv'e 2e98 8X Lt 091L8 0659 AN LL'vE SXL
00411 oeLzL z0'c Zev9 9X Ll | ove 0sov £e’L e v XL
06€9 0£69 [AH] AN A4 rXil 0EYS 0885 9g°1L [AN<1% 9X9-
00g1Z 000€EZ 65C 19'86 oL X 0L | ‘ovey 065y L zE62 GX9
00581 00002 'z 19'88 6X 0L | ool 0GEE SZ'L 2e€T vX9
00451 "} 000LL 4 19'8L 8X 0l | 0202 0022 v0'L FANA £X9
000€1L 00LYL vz 19'89 LXO0L | ovee 0z9€ 0g'L 05've SX§
A1 4]0 00€LL S6°L 19'8S 9XxXot 09ve 099¢ 9t’l 05’61 vXS§
0¢08 0698 gL't 19°8v sXol 0€9l 0LL1L 860 05'vlL £XS
00191 00¥LL €EC 88'6L 6X6 ov8L 0661 vO'L 696l vX¥P
00LEL 008l 0z'¢C 88°0L 8X6 oveL ovEL 060 GoLL EX¥v
0op L1 oovelL S0C 88'L9 LX86 989 274 690 89°( ZXv
0816 0566 (81 882§ 9X 6 z58 £L6 8L0 8.8 EX€E
0£0L 090¢ 191 88eY GX6 v8Y 124 €90 8LG ZXE
) ] (1994) (1994 . {1894) (1024
e100=u | 2100=Y | o0y asenbs) (180 £100=u | Z100=Y | oo asenbs) (1994)
- dunespAy ealy asiy x ueds ayneIpAH ealy asty x ueds
{€/zH X V)Uj98Y L = D d v 215 X08 | (¢ruxv)u/98yL=2 ] v azis xog

SNOILJ3S X08 ILIHONOD 1SVO3Hd
SINTVA IN3IDI44300 MO TINd



Although the friction slope Sfappears as a second order term in the expres-
sion for ‘C’ the resulting discharge is not sensitive to this term. Table 4.11 shows
the difference (%) in discharge computed using the Kutter equation compared
with that obtained by Manning. The table gives the relationship between the
diameter (D) and the hydraulic radius (R) assuming full flow in a circular pipe.

The values in Table 4.11 are also valid for noncircular pipes flowing partially
full.
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Alignment chart for energy loss in pipes, for Manning’s formula.
Note: Use chart for flow computations, H,=$S

Figure 4.8 Nomograph for solution of Manning'’s formula.
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Table 1.—Marining roughriess coefficlents, ri !

Manning’s
L Closed condults: 7 range !
A. Concrete pipe. 0.011-0.013
a. Plain or lull{ . - 0.024
b. Paved Invert (range values are for 26 and 50 percent
of circumference paved):
1) Flow full depth 0.021-0.018
2) Flow 0.8 depth . )
3) Flow 0.8 dePth. .
8 by 2-in, corrugation (fleld boited)............

2. y
.C. Vitrified clay pipe..
D. Cast-iron pipe, uncoated .- 0.
E. 8teel pipe 0.000-0, 011
5. B

rick 0.014-0.017 -

f/[ovx‘lroll&h(lc oomxeoe:h 0 6IH "
. Wood formsg, roug! y 3 . 017
2. Wood forms, smooth 0.013-0.014
-3, Steel forms, 0.012-0.013
H. Cemented rubble masonry walls: )
1. Concrete floor and top.... 0.017-0. 024
3. Natural floor. : 0.019-0.025
. Laminated treated wood : . . 0.015-0.017
J. Vitrified clay liner plates : 0.018

nm’ channels, lined ¢ (straight alinement): §
2!” (l‘,‘oner:t:, with aurtn(ces:!sxlndlcawd: )

B. Corrugated-metal pipe or pipe-arch:
D .1, 23§ by ¥-in, rrugation (rizeted pipe): §

1. Formed, no finish
2. Trowel hnish 0.012-0. 014
3. Float finish 0.013-0.015
4. Float finish, some gravel on bottom ... ... .~ 0.015-0.017
8. Qunlite, good section 0.018-0.010
6. Gunite, wavy section_. . 018-0,
B. Concrete, bottom float finfshed, sfdes as indicated:
1. Dressed stone in mortar. : 0.015-0.017
4 2. Random stone fn mortar 0.017-0.020
v 3. Cement rubble masonry - 0. A
) 4. Coment rubhle masonry, plastered 0.016-0.020
foizt 5. Dry rubble (riprap) 0.020-0.030
i C. Gravel bottom, sldes as Ind{cated: R
1. Formed concrete. 0.017-0. 020
3. Random stone in mortar 0.020-0.023
3. Dry rubble (riprap) 0.023-0.033
D. Brick, - 0.014-0.017
E. Asphalt: J
1. Bmooth. .. 0.013
2. Rough... 01

0.018

F. Wood, planed, clean : 0.011-0,013
G. Concrete-lined excavated rock: .
1. Good section -- 0.017-0.020

2. Irregular soction 0.022-0, 027

IIO. O hannel ted ¢ (stralght alinement,t natural
mﬂnc). nnels, excava ¢ (stralg’ nent, )

g):
A. Earth, uniform section: .
1. Clean, recently comploted..
2. Clean, after weatherfng.
3. With short grass, fow weeds .
4. In gravelly soll, unfform section, clean. ............... 0.
B. Earth, fairly uniform section: .
1. No vegetation . 0.
2. QGrass, somse weeds. .. 0.
3. Dense weeds or aquatioc plants in deep channels. .. ... 0.030-0. 035
4. Bides clean, gravel bottom 0.026-0.030
5. Bides clean, cobble bottom... ... - _TTTTTTTTT 0.030-C. 040
C. Dragline excavated or dredged:
1. No vegetatfon......___
% L}i‘ght rush on banks 0. 035-0. 050

. Rock:
1. Based on design section. 0.035
2. Based on actusl mean section:

b. Js{‘ged and {rregular 0.040-0. 045
not malntained, weeds and brush uncut:

1. Dense weeds, high as flow depth_._.___.___.._.._____ 0.08-0.12

2. Clean bottom, brush onsides_ ., .. ___ - -~ """ 0.05-0.08

3. Clean bottom, brush on sides, highest stage of flow_._ 0.07-0.11

4. Denss brush, high [12:1 0.10-0.14

Footnotes to table 1 appear at the top of page 101
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1V. Highway channels and swales with matntained vegetation 1©

. (values shown are for velocities of 2 and 6 f.p.8.): .
A Dot flowup to 0.7 foot: . Manning's
1. Bermu as% Kentucky bluegrass, buflalograss: 7 range
8. Mowed to 2 inches 0.07-0.045
b. Length 4-8 Inches. .. 0.09-0.05
2. Good stand, any grass:
Length about 12 tnches. 0.18-0.00
. th about 24 Inches 0.30-0.15
4, Fair stand, any grass:
8. Length about 12 inches 0.14-0.08
Bﬂ D b'thu? h n(l):gult g&t lntche! : 0.25-0.13
. 1] ol flow 0.7-1.6 feet:. . . i ..
. Bermu Kentucky biuegrdss, buffalograss:
8. Mowed to 2 inches. 0.08-0.035
. b. Length 4 to 6 inches 0.06-0.04
2. Good stand, any grass: )
8. Length sbout 12 Inches 0.12-0.07
. b. Length about 24 inches 0.20-0.10
3. Falr stand, any grass: . .
a. Length about 12 inches 0.10-0. 06
b. Length about 24 inches 0.17-0.09
V. Slreet and expréssway gutlers: L
A. Concrete gutter, troweled finish 0.012
B. Asphalt pavement: )
1. Bmooth texture.. .. 0.013
2. Rough texture.. 0.016
. Ooncreto gutter with asphait pavement:
1. 8mooth 0.013
2. Rough. 0.015
D. Concrete pavement:
1. Float flaish. . . 0.014
; 2, Broom finish ; 0.016
E. For gutters with small slope, where sediment may accu- -
mulate, Increase above values of # by . .oooueneeeeo ... 0.002
Vi. Nitural stream channels:é ) . . ,
A, M{gfr streams * (surface width ht flood 8tage less than 100
. Falrly régular section: . )
8. Bome grass and weeds, little or no brush..___._.___ 0.030-0. 035
b. Dense growth of weeds, depth of flow materially
roater than weod helght 0.035-0.05
¢. Bome weods, light brush on banks..._ ... _ . .~ 0,035-0.05
d. Bome weeds, heavy brush on banks.__ 3 .
. Bome woeds, dense willows on banks...._._....___ 0.08-0.08
L. For trees within channel, with branches submerged . . ..
at high stage, increase all above values by....... 0.01-0.02
4. Irregular soctlons, with Pools, slight channel meander; e
increase values given In 1a~e about ... ... __.. 0.01-0.02

8. Mountaln streams, no vegetation In channel, banks
usually steep, trees and brush along b sub-
-, merged at hE;h stage:

8. Bottom of gravel, cobbles, and few boulders____.__ 0.04-0.05
b. Bottom of cohbles, with large boulders__ ... 0.05-0.07
B. Flood {)lalns (adjacent to natural streams):
1. Pasture, no brush: .
a. Bhort grass 0.030-0. 035
b. High grass : ] : 0.035-0.05 -

2. Cultivated arcas:

a. No crop___ 0.03-0.04 .
~b. Mature row crops. 0. 035-0. 045

. ¢. Mature fleld crops.... 0. 04-0.05
3. Heavy weeds] scattered brush._.—.....o.ooooo oo 0.05-0.07
4. Light brush and trees: 1¢ .

8. Winter..______________...... 0.05-0. 06
. b, Summer. - -- 0.06-0.08
§. Medium to dense bruish: 16

A Winter . e 0.07-0. 11

b, SBummer. .. ... _.._.. 0.10-0.16
8. Dense willows, summer, not bent ovor by current.... 0.16-0.20
7. Cleared land with tree stumps, 100-150 per acre:

a. Nosprouts 0.04-0.05

b. With heavy frowth of Bprouts. .« e ereeaen.. 0.06-0.08
8. Heavy :}t’and of tymber, a fow down trees, little under-

growth: . .
8. Flood depth below branches. ... .o.ooooueooaeno . 0.10-0.12
b, Flood dopth roaches branches.....ooeeeeeoee .. 0.12-0.16

C. Major streams (surface width at flood stage more than
100 1¢.): Roughness coefficient Is usually less than for
minor streams of gimilar dascription on account of less
eflective resistance offered by Irregular banks or vege-
tatlon on banks. Values of n may be somewhat re-
duced. Follow recommendation in publication cited ¢
it possible. The valus of n for larger atreams of most
regular 'sectlon, with no boulders or brush, may bein the
range o
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Pond Outflow Rating Curve Calculations

Project :
Pond ID: #3

Standpipe Characteristics

Forest Lakes West

Pipe Characteristics

Target Flow at HW1gp (cfs)= 38

Overflow Characteristics

Weir Control Q=CLH™ inlet Control Q=CA(2gH)** Weir Control Q=CLH™
Weir Coefficient = 0 Orifice Coefficient = 0.67 Weir Coefficient = 0
Inlet Perimeter (ft) = 0 Pipe Diameter (in) = 48 Overflow Length (ft) = o]
Inlet Top Elev. (D.W.S) = 152.5 Invert Elevation = 1475 Overflow Elevation = 0
Orifice Control Q=CA(29H)‘"5 Outlet Control Energy Equation
Orifice Coefficient = 0.00 Est. T.W. Elev. = 153
Orifice Area (ftz) = 0 Outiet Fiowline Elev. = 1445
(Assumes 60% Grate Opening) Pipe Length (ft) = 300
Avg. Pipe Slope (%) = 1
pprox. Standpipe Size = 0 Manning 'n' for pipe = 0.013
Entrance Loss Coef. = 0.7
Standpipe Pipe Pond
ELEV Weir Qrifice Control Inlet Outlet Control Overflow ]Outfiow
152.5 0.0 0.0 0.0 117.0] #NUM! #NUM! 0.0] #NUM!
1527 0.0 0.0 0.0 120.9] #NUM! | #NUM! 0.0] #NUM!
152.9 0.0 0.0 0.0 124.6F #NUM! #NUM! 0.0] #NUM!
153.1 0.0 0.0 0.0 128.2 17.9 17.9 0.0 17.9
153.3 0.0 0.0 0.0 131.7 31.0 31.0 0.0 31.0
153.5 0.0 0.0 0.0 135.1 40.0 400 0.0 40.0
153.7 0.0 0.0 0.0 1385 ' 474 47.4 0.0 47.4
153.9 0.0 0.0 0.0 141.7 53.7 53.7 0.0 53.7
154.1 0.0 0.0 0.0 144.9 59.4 59.4 0.0 59.4
154.3 0.0 0.0 0.0 148.0 64.6 64.6 0.0 64.6
154.5 0.0 0.0 0.0 151.1 69.4 69.4 0.0 69.4
154.7 0.0 0.0 0.0 154.1 73.8 73.8 0.0 73.8
154.9 0.0 0.0 0.0 157.0 78.1 78.1 0.0 78.1
155.1 0.0 0.0 0.0 159.9 82.1 82.1 0.0 821
155.3 0.0 0.0 0.0 162.7 859 85.9 0.0 859
155.5 0.0 0.0 0.0 165.5 89.5 89.5 0.0 89.5
155.7 0.0 0.0 0.0 168.2 93.1 93.1 0.0 93.1
155.9 0.0 0.0 0.0 170.9 96.4 96.4 0.0 96.4
156.1 0.0 0.0 0.0 173.6 99.7 99.7 0.0 99.7
156.3 0.0 0.0 0.0 176.2 102.8 102.9 0.0 102.9
156.5 0.0 0.0 0.0 178.8 106.0 106.0 0.0 106.0
156.7 0.0 0.0 0.0 181.3 108.9 108.9 0.0 108.9
156.9 0.0 0.0 0.0 183.8 111.8 111.8 0.0 111.8
1571 0.0 0.0 0.0 186.3 114.7 114.7 0.0 1147
157.3 0.0 0.0 0.0 188.7 117.4 117.4 0.0 117.4
1575 0.0 00 0.0 191.1 120.1 120.1 00 1201
Pond Rating Curve
1575
157.0
156.5
156.0 |
155.5
"§ 155.0
154.5
154.0
1535
153.0
152.5
0 20 40 60 80 100 120

Q (cfs)

Pond Rating Curves
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Pond Outflow Rating Curve Calculations
Project : Forest Lakes West
Pond ID: #4 Target Flow at HW4g0 (cfs)= 106

Trapezoidal Control Channel

Bottom Width = 8 Q=(1 49AR?*s")in
Design Depth = 1
Side Slope X1 = 4 Q(max) {cfs) = 30.6 Weir Coefficient =
Channe! Slope (%) = 0.7 A (ftz) = 12 Overflow Length (ft) =
Manning 'n’ = 0.04 R(ft) = 0.74 Overflow Elevation =
Design Static Elev. = 152.5

Channel Pond
ELEV Area  |Hyd. Radius Control |Overflow Outfiow
0.0 0.0 0.0 0.0
0.2 1.8 0.0 1.8
0.3 5.8 0.0 5.8
0.5 1.9 0.0 11.9
0.6 20.1 0.0 201
07 30.5 0.0 305
0.8 30.6 43 34.9
1.0 30.6 121 2.7
11 30.6 223 52.9
1.2 30.6 343 64.9
13 30.6 48.0 78.6
14 30.6 63.1 937
1.5 30.6 79.5 1104
1.6 30.6 97.1 127.7
1.7 30.6 115.9 146.5
18 30.6 135.8 166.3
18 30.6 156.6 187.2
2.0 306 178.5 209.0

24 306 201.2 231.8
22 306 2249 255.5
2.3 306 248.4 280.0
24 306 274.8 305.3
25 30.6 300.9 331.5
26 30.6 3279 358.4
27 30.6 3556 386.1
28 306 384.0 4148

Pond Rating Curve
Channel Control
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