


APPENDIX D 

Gutter Spread Calculations 
HYDROLOGIC AND HYDRAULIC

CALCULATIONS
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Chapter 2

2–5(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2a Runoff curve numbers for urban areas 1/

Curve numbers for
-------------------------------------------  Cover description  ----------------------------------------- -----------hydrologic soil group -------------

Average percent
Cover type and hydrologic condition impervious area 2/ A B C D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, etc.) 3/:
Poor condition (grass cover < 50%) .......................................... 68 79 86 89
Fair condition (grass cover 50% to 75%) .................................. 49 69 79 84
Good condition (grass cover > 75%) ......................................... 39 61 74 80

Impervious areas:
Paved parking lots, roofs, driveways, etc.

(excluding right-of-way) ............................................................. 98 98 98 98
Streets and roads:

Paved; curbs and storm sewers (excluding
right-of-way) ................................................................................ 98 98 98 98
Paved; open ditches (including right-of-way) .......................... 83 89 92 93
Gravel (including right-of-way) ................................................. 76 85 89 91
Dirt (including right-of-way) ...................................................... 72 82 87 89

Western desert urban areas:
Natural desert landscaping (pervious areas only)  4/ ..................... 63 77 85 88
Artificial desert landscaping (impervious weed barrier,

desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) ...................................................................... 96 96 96 96

Urban districts:
Commercial and business ................................................................. 85 89 92 94 95
Industrial ............................................................................................. 72 81 88 91 93

Residential districts by average lot size:
1/8 acre or less (town houses) .......................................................... 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 acres .................................................................................................. 12 46 65 77 82

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation) 5/ ................................................................ 77 86 91 94

Idle lands (CN’s are determined using cover types
similar to those in table 2-2c).

1 Average runoff condition, and Ia = 0.2S.
2 The average percent impervious area shown was used to develop the composite CN’s. Other assumptions are as follows: impervious areas are

directly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open space in
good hydrologic condition. CN’s for other combinations of conditions may be computed using figure 2-3 or 2-4.

3 CN’s shown are equivalent to those of pasture. Composite CN’s may be computed for other combinations of open space
cover type.

4 Composite CN’s for natural desert landscaping should be computed using figures 2-3 or 2-4 based on the impervious area percentage
(CN = 98) and the pervious area CN. The pervious area CN’s are assumed equivalent to desert shrub in poor hydrologic condition.

5 Composite CN’s to use for the design of temporary measures during grading and construction should be computed using figure 2-3 or 2-4
based on the degree of development (impervious area percentage) and the CN’s for the newly graded  pervious areas.

PROPOSED CONDITION CN
SOIL GROUP C



Chapter 2

2–7(210-VI-TR-55, Second Ed., June 1986)

Technical Release 55
Urban Hydrology for Small Watersheds

Estimating Runoff

Table 2-2c Runoff curve numbers for other agricultural lands 1/

         Curve numbers for
---------------------------------------  Cover description  --------------------------------------                 ------------  hydrologic soil group ---------------

Hydrologic
Cover type condition A B C D

Pasture, grassland, or range—continuous Poor 68 79 86 89
forage for grazing. 2/ Fair 49 69 79 84

Good 39 61 74 80

Meadow—continuous grass, protected from — 30 58 71 78
grazing and generally mowed for hay.

Brush—brush-weed-grass mixture with brush Poor 48 67 77 83
the major element. 3/ Fair 35 56 70 77

Good 30 4/ 48 65 73

Woods—grass combination (orchard Poor 57 73 82 86
or tree farm). 5/ Fair 43 65 76 82

Good 32 58 72 79

Woods. 6/ Poor 45 66 77 83
Fair 36 60 73 79

Good 30 4/ 55 70 77

Farmsteads—buildings, lanes, driveways, — 59 74 82 86
and surrounding lots.

1  Average runoff condition, and Ia = 0.2S.
2  Poor: <50%) ground cover or heavily grazed with no mulch.

 Fair: 50 to 75% ground cover and not heavily grazed.
 Good: > 75% ground cover and lightly or only occasionally grazed.

3  Poor: <50% ground cover.
 Fair: 50 to 75% ground cover.
 Good: >75% ground cover.

4  Actual curve number is less than 30; use CN = 30 for runoff computations.
5  CN’s shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions may be computed

from the CN’s for woods and pasture.
6  Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning.

 Fair: Woods are grazed but not burned, and some forest litter covers the soil.
 Good: Woods are protected from grazing, and litter and brush adequately cover the soil.

EXISTING CONDITION CN
SOIL GROUP C
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NOAA Atlas 14, Volume 4, Version 3 
Location name: Lanai City, Hawaii, USA* 
Latitude: 20.7936°, Longitude: -156.9374° 

Elevation: 1295.93 ft**
* source: ESRI Maps 

** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

S. Perica, D. Martin, B. Lin, T. Parzybok, D. Riley, M. Yekta, L. Hiner, L.-C. Chen, D. Brewer, F. Yan, K.
Maitaria, C. Trypaluk, G. M. Bonnin

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.235
(0.208‑0.293)

0.320
(0.260‑0.388)

0.440
(0.354‑0.534)

0.536
(0.430‑0.655)

0.679
(0.535‑0.838)

0.794
(0.621‑0.992)

0.918
(0.708‑1.16)

1.05
(0.798‑1.35)

1.25
(0.922‑1.63)

1.41
(1.02‑1.88)

10-min 0.349
(0.308‑0.434)

0.474
(0.386‑0.575)

0.652
(0.525‑0.792)

0.794
(0.638‑0.971)

1.01
(0.794‑1.24)

1.18
(0.921‑1.47)

1.36
(1.05‑1.72)

1.56
(1.18‑2.00)

1.85
(1.37‑2.42)

2.09
(1.51‑2.78)

15-min 0.438
(0.387‑0.545)

0.595
(0.485‑0.722)

0.819
(0.660‑0.994)

0.997
(0.801‑1.22)

1.26
(0.997‑1.56)

1.48
(1.16‑1.85)

1.71
(1.32‑2.16)

1.96
(1.49‑2.51)

2.33
(1.72‑3.04)

2.63
(1.90‑3.49)

30-min 0.616
(0.544‑0.768)

0.838
(0.682‑1.02)

1.15
(0.929‑1.40)

1.40
(1.13‑1.72)

1.78
(1.40‑2.20)

2.08
(1.63‑2.60)

2.41
(1.85‑3.04)

2.76
(2.09‑3.54)

3.27
(2.42‑4.28)

3.70
(2.67‑4.91)

60-min 0.811
(0.716‑1.01)

1.10
(0.898‑1.34)

1.52
(1.22‑1.84)

1.85
(1.48‑2.26)

2.34
(1.85‑2.89)

2.74
(2.14‑3.42)

3.17
(2.44‑4.00)

3.63
(2.75‑4.65)

4.31
(3.18‑5.63)

4.87
(3.51‑6.47)

2-hr 1.12
(0.952‑1.33)

1.48
(1.21‑1.80)

2.04
(1.64‑2.48)

2.47
(1.98‑3.01)

3.08
(2.44‑3.80)

3.58
(2.80‑4.45)

4.08
(3.15‑5.14)

4.63
(3.51‑5.91)

5.41
(3.99‑7.04)

6.02
(4.35‑7.98)

3-hr 1.25
(1.05‑1.48)

1.67
(1.36‑2.02)

2.29
(1.85‑2.78)

2.77
(2.23‑3.38)

3.47
(2.75‑4.28)

4.02
(3.15‑5.01)

4.59
(3.55‑5.79)

5.20
(3.94‑6.64)

6.04
(4.47‑7.89)

6.72
(4.86‑8.92)

6-hr 1.58
(1.31‑1.88)

2.09
(1.70‑2.52)

2.88
(2.32‑3.49)

3.50
(2.81‑4.27)

4.38
(3.48‑5.41)

5.08
(3.99‑6.33)

5.82
(4.49‑7.34)

6.59
(5.00‑8.42)

7.67
(5.66‑10.0)

8.53
(6.14‑11.3)

12-hr 1.96
(1.62‑2.36)

2.66
(2.16‑3.22)

3.68
(2.97‑4.47)

4.51
(3.62‑5.51)

5.69
(4.52‑7.03)

6.66
(5.22‑8.29)

7.67
(5.92‑9.66)

8.76
(6.64‑11.2)

10.3
(7.60‑13.4)

11.5
(8.30‑15.3)

24-hr 2.37
(1.98‑2.82)

3.26
(2.72‑3.90)

4.57
(3.80‑5.47)

5.64
(4.67‑6.77)

7.20
(5.90‑8.69)

8.48
(6.90‑10.3)

9.86
(7.92‑12.0)

11.4
(9.00‑14.0)

13.6
(10.5‑16.8)

15.4
(11.7‑19.2)

2-day 2.75
(2.32‑3.27)

3.82
(3.22‑4.55)

5.36
(4.50‑6.41)

6.65
(5.54‑7.97)

8.50
(7.01‑10.2)

10.0
(8.21‑12.2)

11.7
(9.43‑14.3)

13.5
(10.7‑16.6)

16.1
(12.5‑20.0)

18.2
(13.9‑22.9)

3-day 2.93 4.07 5.71 7.06 8.99 10.6 12.3 14.2 16.8 19.0
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(2.48‑3.49) (3.43‑4.85) (4.79‑6.83) (5.89‑8.47) (7.43‑10.8) (8.67‑12.8) (9.94‑15.0) (11.3‑17.4) (13.1‑20.9) (14.5‑23.8)

4-day 3.12
(2.64‑3.71)

4.32
(3.65‑5.15)

6.06
(5.09‑7.24)

7.47
(6.24‑8.96)

9.49
(7.86‑11.5)

11.2
(9.14‑13.5)

12.9
(10.5‑15.8)

14.8
(11.8‑18.2)

17.5
(13.7‑21.8)

19.8
(15.1‑24.8)

7-day 3.60
(3.03‑4.28)

4.96
(4.17‑5.92)

6.91
(5.78‑8.24)

8.47
(7.04‑10.1)

10.7
(8.78‑12.8)

12.4
(10.1‑15.1)

14.3
(11.5‑17.4)

16.3
(12.9‑20.0)

19.1
(14.8‑23.6)

21.4
(16.2‑26.7)

10-day 4.03
(3.43‑4.74)

5.55
(4.71‑6.54)

7.67
(6.48‑9.06)

9.36
(7.87‑11.1)

11.7
(9.74‑13.9)

13.6
(11.2‑16.2)

15.5
(12.6‑18.7)

17.6
(14.1‑21.3)

20.4
(16.0‑25.0)

22.7
(17.4‑28.0)

20-day 5.12
(4.36‑6.04)

7.01
(5.94‑8.27)

9.59
(8.09‑11.3)

11.6
(9.72‑13.7)

14.3
(11.9‑17.1)

16.4
(13.5‑19.7)

18.5
(15.1‑22.4)

20.8
(16.6‑25.2)

23.8
(18.6‑29.2)

26.1
(20.0‑32.3)

30-day 5.82
(4.94‑6.85)

7.94
(6.73‑9.37)

10.8
(9.14‑12.8)

13.1
(11.0‑15.5)

16.1
(13.4‑19.2)

18.4
(15.2‑22.1)

20.8
(16.9‑25.1)

23.3
(18.6‑28.3)

26.6
(20.8‑32.6)

29.1
(22.4‑36.1)

45-day 7.16
(6.08‑8.42)

9.77
(8.28‑11.5)

13.3
(11.2‑15.7)

16.0
(13.4‑19.0)

19.6
(16.3‑23.4)

22.3
(18.3‑26.8)

25.1
(20.4‑30.3)

27.9
(22.3‑33.9)

31.7
(24.8‑38.9)

34.5
(26.5‑42.8)

60-day 8.07
(6.85‑9.50)

11.0
(9.30‑13.0)

14.9
(12.5‑17.6)

17.8
(14.9‑21.1)

21.7
(18.0‑25.9)

24.7
(20.3‑29.6)

27.7
(22.5‑33.4)

30.7
(24.6‑37.3)

34.7
(27.1‑42.6)

37.7
(28.9‑46.7)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency
estimates (for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at
upper bounds are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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NOAA Atlas 14, Volume 4, Version 3 
Location name: Lanai City, Hawaii, USA* 
Latitude: 20.7907°, Longitude: -156.9376° 

Elevation: 1246.73 ft**
* source: ESRI Maps 

** source: USGS

POINT PRECIPITATION FREQUENCY ESTIMATES

S. Perica, D. Martin, B. Lin, T. Parzybok, D. Riley, M. Yekta, L. Hiner, L.-C. Chen, D. Brewer, F. Yan, K.
Maitaria, C. Trypaluk, G. M. Bonnin

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches/hour)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 2.82
(2.50‑3.52)

3.84
(3.12‑4.66)

5.28
(4.25‑6.41)

6.43
(5.16‑7.86)

8.15
(6.42‑10.1)

9.53
(7.45‑11.9)

11.0
(8.50‑13.9)

12.6
(9.58‑16.2)

15.0
(11.1‑19.6)

16.9
(12.2‑22.5)

10-min 2.09
(1.85‑2.60)

2.84
(2.32‑3.45)

3.91
(3.15‑4.75)

4.76
(3.83‑5.83)

6.04
(4.76‑7.45)

7.06
(5.53‑8.83)

8.17
(6.29‑10.3)

9.37
(7.10‑12.0)

11.1
(8.20‑14.5)

12.6
(9.05‑16.7)

15-min 1.75
(1.55‑2.18)

2.38
(1.94‑2.89)

3.28
(2.64‑3.98)

3.99
(3.20‑4.88)

5.06
(3.99‑6.24)

5.91
(4.63‑7.39)

6.84
(5.27‑8.63)

7.85
(5.94‑10.0)

9.30
(6.87‑12.2)

10.5
(7.58‑14.0)

30-min 1.23
(1.09‑1.54)

1.68
(1.36‑2.03)

2.30
(1.86‑2.80)

2.81
(2.25‑3.43)

3.56
(2.81‑4.39)

4.16
(3.26‑5.20)

4.81
(3.71‑6.08)

5.52
(4.18‑7.07)

6.55
(4.83‑8.56)

7.39
(5.33‑9.83)

60-min 0.811
(0.716‑1.01)

1.10
(0.898‑1.34)

1.52
(1.22‑1.84)

1.85
(1.48‑2.26)

2.34
(1.85‑2.89)

2.74
(2.14‑3.42)

3.17
(2.44‑4.00)

3.63
(2.75‑4.65)

4.31
(3.18‑5.63)

4.87
(3.51‑6.47)

2-hr 0.561
(0.476‑0.666)

0.742
(0.604‑0.898)

1.02
(0.822‑1.24)

1.24
(0.989‑1.51)

1.54
(1.22‑1.90)

1.79
(1.40‑2.22)

2.04
(1.58‑2.57)

2.31
(1.76‑2.96)

2.70
(1.99‑3.52)

3.01
(2.17‑3.99)

3-hr 0.417
(0.350‑0.494)

0.554
(0.452‑0.671)

0.763
(0.615‑0.925)

0.923
(0.742‑1.13)

1.15
(0.915‑1.43)

1.34
(1.05‑1.67)

1.53
(1.18‑1.93)

1.73
(1.31‑2.21)

2.01
(1.49‑2.63)

2.24
(1.62‑2.97)

6-hr 0.263
(0.219‑0.315)

0.349
(0.283‑0.421)

0.480
(0.388‑0.583)

0.584
(0.469‑0.713)

0.731
(0.581‑0.903)

0.849
(0.665‑1.06)

0.971
(0.750‑1.23)

1.10
(0.835‑1.41)

1.28
(0.946‑1.67)

1.43
(1.03‑1.89)

12-hr 0.163
(0.134‑0.196)

0.220
(0.179‑0.267)

0.306
(0.247‑0.371)

0.374
(0.301‑0.457)

0.473
(0.375‑0.584)

0.553
(0.433‑0.688)

0.637
(0.491‑0.802)

0.727
(0.551‑0.928)

0.855
(0.631‑1.11)

0.958
(0.689‑1.27)

24-hr 0.099
(0.082‑0.118)

0.136
(0.114‑0.163)

0.190
(0.158‑0.228)

0.235
(0.195‑0.282)

0.300
(0.246‑0.362)

0.353
(0.287‑0.429)

0.411
(0.330‑0.502)

0.474
(0.375‑0.582)

0.565
(0.438‑0.702)

0.640
(0.486‑0.802)

2-day 0.057
(0.048‑0.068)

0.080
(0.067‑0.095)

0.112
(0.094‑0.133)

0.138
(0.115‑0.166)

0.177
(0.146‑0.213)

0.209
(0.171‑0.253)

0.243
(0.197‑0.297)

0.281
(0.224‑0.345)

0.335
(0.261‑0.416)

0.380
(0.290‑0.476)

3-day 0.041
(0.034‑0.048)

0.057
(0.048‑0.067)

0.079
(0.067‑0.095)

0.098
(0.082‑0.118)

0.125
(0.103‑0.151)

0.147
(0.120‑0.178)

0.171
(0.138‑0.208)

0.197
(0.157‑0.242)

0.234
(0.182‑0.290)

0.264
(0.202‑0.331)

4-day 0.032
(0.027‑0.039)

0.045
(0.038‑0.054)

0.063
(0.053‑0.075)

0.078
(0.065‑0.093)

0.099
(0.082‑0.119)

0.116
(0.095‑0.141)

0.135
(0.109‑0.164)

0.154
(0.123‑0.190)

0.183
(0.143‑0.227)

0.206
(0.157‑0.258)

7-day 0.021
(0.018‑0.025)

0.030
(0.025‑0.035)

0.041
(0.034‑0.049)

0.050
(0.042‑0.060)

0.064
(0.052‑0.076)

0.074
(0.060‑0.090)

0.085
(0.069‑0.104)

0.097
(0.077‑0.119)

0.114
(0.088‑0.141)

0.127
(0.097‑0.159)

10-day 0.017
(0.014‑0.020)

0.023
(0.020‑0.027)

0.032
(0.027‑0.038)

0.039
(0.033‑0.046)

0.049
(0.041‑0.058)

0.057
(0.047‑0.068)

0.065
(0.053‑0.078)

0.073
(0.059‑0.089)

0.085
(0.067‑0.104)

0.094
(0.073‑0.117)

20-day 0.011
(0.009‑0.013)

0.015
(0.012‑0.017)

0.020
(0.017‑0.024)

0.024
(0.020‑0.029)

0.030
(0.025‑0.036)

0.034
(0.028‑0.041)

0.039
(0.031‑0.047)

0.043
(0.035‑0.053)

0.049
(0.039‑0.061)

0.054
(0.042‑0.067)

30-day 0.008
(0.007‑0.010)

0.011
(0.009‑0.013)

0.015
(0.013‑0.018)

0.018
(0.015‑0.022)

0.022
(0.019‑0.027)

0.026
(0.021‑0.031)

0.029
(0.023‑0.035)

0.032
(0.026‑0.039)

0.037
(0.029‑0.045)

0.040
(0.031‑0.050)

45-day 0.007
(0.006‑0.008)

0.009
(0.008‑0.011)

0.012
(0.010‑0.015)

0.015
(0.012‑0.018)

0.018
(0.015‑0.022)

0.021
(0.017‑0.025)

0.023
(0.019‑0.028)

0.026
(0.021‑0.031)

0.029
(0.023‑0.036)

0.032
(0.025‑0.040)

60-day 0.006
(0.005‑0.007)

0.008
(0.006‑0.009)

0.010
(0.009‑0.012)

0.012
(0.010‑0.015)

0.015
(0.013‑0.018)

0.017
(0.014‑0.021)

0.019
(0.016‑0.023)

0.021
(0.017‑0.026)

0.024
(0.019‑0.030)

0.026
(0.020‑0.032)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for
a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not
checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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