Rainfall and Hydrology Factors
Affecting Erosion Rates

Rainfall energy (rain intensity and
duration)

Tractive force (shear stress) of sheet and
channel flow

Runoff depth and velocity (to calculate
shear stress for specific site conditions)

Thronson (1973) presented the following equation to
estimate the erosion potential for individual rains:

2.2
R 1925(P ) P = rain depth in inches and,
- 0.4672 dur = rain duration in hours
dur
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Hydrology Parameters Needed for the
Design of Construction Site
Erosion Control Practices

Mulches — water velocities and water depth
Ditch liners — water velocities and water depth
Slope down shoots — peak flow rates
Diversion dikes and swales — peak flow rates
Filter fabric fences — water velocities and
hydrographs

Sediment ponds — water volume and
hydrographs

Factors Affecting Runoff

Rainfall — The duration of the storm and the
distribution of the rainfall during the storm are the
two major factors affecting the peak rate of runoff.
The rainfall amount affects the volume of runoff.

Soil conditions — antecedent moisture conditions
generally affects the infiltration rate of the rainfall
falling on the ground. Soil texture and compaction
(structure) usually has the greatest effect on the
infiltration.

Surface cover — the type and condition of the soil
surface cover affects the rain energy transferred to
the soil surface and can affect the infiltration rate
also.




LY A o’ ‘-
-A-I}Egl;’ oach Huayan

. 1 Station _Beill

“F=—Hospital :

Relational =

e

Aerial photo from Google maps

Depth-Duration-Frequency Curves for Region |
1,000 .

Similar plots showing rain
depth vs. duration and
reoccurrence interval.

20-year
50-year
100-year
100 1,000 10,000
Duration of Storm (minutes)

Depth-Duration-Frequency Curves for Region Il

3-year
= = =5-year

10-year

20-year

5yrrain 20 yr rain 100 yr

Rainfall Depth (mm)

n: 1 1 2 1
short duration (5 minutes) 10 14 16 18
lone hour (60 minutes) 32 a3 72 55
lone day (1440 minutes) 54 71 91 10 100 1,000 10,000

Duration of Storm (minutes)

Depth-Duration-Frequency Curves for Region |
i Traditional IDF design storms for design of
stormwater collection systems, focusing on 3 to
s 100-yr reoccurring events (1 to 33% probability

100-year of occurring in any one year).

Rainfall Intt

10 100 1,000 10,000
Duration of Storm (minutes)

Flatter topography, lower
elevations and closer to sea
results in greater intensities
in Region Il compared to
Region |, especially for longer
duration events.

Depth-Duration-Frequency Curves for Region Il

3.year
- = = 5-year
10-year

20-year
Sk 0-year
5 yr rain 20 yr rain 100 yr \.
frequency frequency frequency
1 2 1 2
short duration (5 minutes) 124 146 163 194
one hour (60 minutes) 32 54 43 72
m 10 100 1,000 10,000
one day (1440 minutes) 2.6 7.2 3 8.2 Y
Duration of Storm (minutes)

Rainfall Intensity (mm/hr)

Urban Stormwater Hydrology
* Early focus of urban stormwater was on storm sewer and flood control design
using the Rational Method and TR-55 (both single event, “design storm”
methods).

e The Curve Number procedure was developed in the 1950s by the (then) SCS as
a simple tool for estimating volumes generated by large storm events in
agricultural areas, converted to urban uses in mid 1970s (TR55 in SCS 1976). Data
based on many decades of observations of large storms in urban areas, at Corps
of Engineers monitoring locations. Data available from the Rainfall-Runoff
database report prepared by the Univ. of Florida for the EPA.

e Water quality focus results form Public Law 92-500, the Clean Water Act, 1972.
Stormwater quality research started in the late 1960s, with a few earlier
interesting studies. Big push with Nationwide Urban Runoff Program (NURP) in
late 70s and early 80s. Most still rely on earlier drainage design approaches.
Distributed infiltration systems de strated in the 1960s.




Design Issues for Stormwater

Quality Management
* Recognize different objectives of storm drainage
systems

e Recognize associated rainfall conditions affecting
different objectives

e Select appropriate tools for evaluation and design

e Example - 4 major rainfall categories for
Milwaukee, WI (as monitored during NURP):

<0.5in (<12 mm) (median rain by count)

0.5to0 1.5in (12 to 40 mm) (most of the runoff)
1.5to 3in (40 to 75 mm) (few events)

>3 in (>75 mm) (drainage design and flooding)

Importance of Site Hydrology in the
Design of Stormwater Controls

¢ Design of stormwater management
programs requires knowledge of site
hydrology

e Understanding of flows (variations for
different storm conditions, sources of
flows from within the drainage area,
and quality of those flows), are needed
for effective design of source area and
outfall controls.

Milwaukee Pollutant Discharges
Milwaukee Rain and Runoff Distribution
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Accumulative
Rain Count

Accumulative
Runoff
Quantity

Percent Associated with Rain, or less
Percent Associated with Rain. or less

1
Rain (inches)




Datroit, Mi Rain & Runoff Distributions (80-'92)  Los Angeles, CA Rain & Runoff Distributions. ('68-'9)
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Long-Term Average Beijing Rainfall (China
Meteorological Bureau, years not shown)
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Beijing Precipitation, 2012 - 2016 (mm)

Li Miao, Xia Jun, and Meng Dejuan. “Long-Term Trend
Analysis of Seasonal Precipitation for Beijing, China.”
Journal of Resources and Ecology. March 2012, Vol. 3,
Issue 1, pgs. 64- 72.

This was a comprehensive precipitation trend and

periodic analysis at the seasonal scale for a 286—year
rainfall data series (1724-2009) for Beijing. They found
that in the past 300 years, precipitation has increased,
except during winter. However, based on their cyclic trend
analyses, they expect Beijing will experience less rainfall in
the 2009 to 2030 time period.




2012 though 2016 Daily Rainfall in Beijing

Probability Plot of Precipitation (mm)
Lognormal - 95% CI

Loc 1260
Scale 1769
N 220
AD 1389
P-Value <0.005

10 100 1000
Precipitation (mm)

In this 5 year period, the median rain depth was about 4.4 mm, the 90t percentile
rain depth was about 90 mm, and the largest rain depth was about 240 mm

(second largest was 207 mm and 3" largest dropped to 72 mm). Recall the 24-hr/5-

yr event was 54-148 mm and the 100 yr/24 hr rain event was 91 to 254 mm).

Importance of Small and Intermediate Sized Rains

Beijing 2012 through 2016 rains
(including 2 very large events)
% of rain events, by count, 0
<10 mm depth: R
Rain depth associated with
10% of annual runoff: <10.5 mm

Rain depth associated with
50% of annual runoff: <40.9 mm

Rain depth associated with
80% of annual runoff: <72 mm

Large rains >70 mm therefore contributed about 20% of the annual
runoff for this 5 year monitoring period (unusually large?)

Percent Smaller then Rainfall Amount

Percent Smaller than Rainfall Amount

Beijing 2012 - 2016 Daily Rains and Runoff (high density
urban areas)

T P
HET el

Rainfall (mm)

==percentile of rain event count ==percentage of total rain depth

==percentage of total runoff depth

Beijing 2012 - 2016 Daily Rains (w/o 207 and 240 mm large
events)

. Rainfall (mm)
—% of rain event count

—percentage of total rain depth
—percentage of total runoff depth (high density urban areas)




Importance of Small and Intermediate Sized Rains
(especially when two unusually large and rare rains are not
considered in this five year period)

Curve num!
Cover description
Average percent

Cover type and hydrologic impervious aread A B

bers for
hydrologic soil group

c

Fully developed urb

The SCS (NRCS)
curve number

method presented in

A
. al;d.\uon(gmsscovez>75%) 30 61 74 %0 TR'55 (and also used
Beijing 2012 through 2016 rains e Tools vy ol I i WinTR-55 and
excluding 207 and 240 mm rains) SN S many stormwater
% of rain events, by count, COEE- A I models) is the most
<10 mm depth: 68% S common urban
. . . and b L I hydrology method
Rain depth associated with e business @ w  w  w W R
10% f | f: 9.8 Residential districts by average lot size ” o * o 93 used in the US.
© OT anhnual runoftr: <9.0 mm 1/880re OF 1658 (EOWI hOUSES) . 65 7 85 % % ical
o U NS B B QN Typical curve
12 acre 25 54 70 80 85
Rain depth associated with Fioud i PR e (L] e

50% of annual runoff: <34.5 mm

Rain depth associated with

80% of annual runoff: <52 mm
This may be more representative of typical rain periods (without

the two very large rains)

Developing urban areas

Newly graded areas
(pervious areas only, no vegetation) ¥’ 7 86

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

91

+ Average runoff condition, and I, = 028,

was used 1o develop

havea ON of 98, and.
be conpr

od

uted n
to those of pasture. ite CN's may be i open space

covertype.
be computed using figures 2-3 based

(CN = 98) and the pervi CN. The pervi o shrub In
5 ign of temporar; i i const
based on the degree Qrpervi  the CN's for the newly graded pervious areas

e computed using figure 2. or 24
5.

for urban areas are
shown on this table
from TR-55. The
same curve number
is used for all storms
in a given area.

21 22
SCS (NRCS) TR-55 Curve Number Model of Rainfall vs. Runoff
The following equation can be used to
7 Curves on this sheet are for the
ease Iy - 025,50l calculate the actual NRCS curve number
_(P-0.25) ’ .

: *evons @’f"%‘)@ (CN) from observed rainfall depth (P) and
£ | The NRCS does not @f %% runoff depth (Q), both expressed in inches:
£ recommend the use %

g | oftheTR-55CN 2
g method for storms é)@
S | smaller than 05 5 CN = 1000/[10+5P+10Q-10(Q?+1.25QP)*/?]
£ °[ inches of rain. 2
n)

: 2 The following example plots use rainfall and runoff

1 data from the EPA’s NURP projects in the early

1980s (EPA 1983), and from the EPA's rainfall-

0 e —— runoff-quantity data base (Huber, et al. 1982).

Rainfall (P, inches

23
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Observed Curve Numbers for
Residential Area
(39% Imperviousness)

0.25 acre lots, sandy soils
(CN for A soils: 61 and CN for B soils: 75)

Curve Number

Cunve Number

120

B0
B0
40

20 4

Broward County, FL
Transportation Catchment

Salt Lake City, UT
Roadway Land Use

95

2 3 4
Rain Cepth (in.)

]

5

904-.
85 5
803 &
75 4

70 = -
65 4 A
60 4 *
3

0 1 2

Rain Depth (in.)

Curve Number

Highway Sites

Salt Lake City, UT
Transportation Catchment

Rain Depth {in.)

Actual runoff relationships do not
follow the commonly used NRCS cu
number method. For small and
intermediate rains, the actual curve
numbers are much higher than the
table values in TR-55 and only reac
those assumed constant CN values
the rain depth approaches drainage
design storm depths (as intended
when the method was developed).

Dade County, FL Seattie, WA
High Density Residential High Density Residential

110 e

oty

a0 * .

sui‘ .
S

Curve Number
BREBBB2REER

70
60

. : - 50
0 1 2 3 4 5 & 7 ] 1 2 3
Rain Depth (in.) Rain Depth (in.}

Curve Number

Champaign-Urbana, IL Champaign-Urbana, IL
Commercial Commercial

105 -
100 i. |
9% 3 |
L )

85 I
80 .

™

CE

Curve Number
dsgssdd
A

i
" |
|
|

Curve Number

+ T T T T .
o 1 2 3 0 1 2 3 4
Rain Depth (in.) Rain Depth (in)

Seattle, WA Irondequoit Bay, NY
Commercial Commercial

0 —

R .

70 T

60 e

50 4 .

40 -]-.—.-.-.-,- - .

1 2 3 0 1 2 3 4
Rain Depth (in) Rainfall (n.}

Curve Number
&83838
e y
-
s

Curve Number

Annual rainfall
variations over
Alabama
(inches). The
dots show the
locations of the
rain gages used
in the analysis.




Birmingham Intensity - Duration - Frequency (IDF) Curve

n Time of Concentration (t,)

10 =
o \\ The duration must be equal to the time of
E . \\‘\ concentration for the drainage area.
b \\’\\ The time of concentration (t.) is equal to the longest
E ? \\\\\ Rety,, N flow path (by time).
= 6 Tio, . . . .
> \\\\\\ \\\lm ¥ ea, If the t, is 5 min for a storm having a return period of
g ° \\\ \\\{Lk\i\ 25 years, the associated peak intensity (which has a
g e \\L\\u\\\\_ duration of 5 min) would be about 8.6 in/hr.

: ~ T If the t, for this same return period was 40 min, the

2 — peak rain intensity would be “only” 3.8 in/hr.

1
’ o 5 10 20 30 40 50 60

Duration (minutes)
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Intensity IDF Curves

[in /hr] ‘
a=

15 0 0 120 a0 360 20 {440 Z2ee0
Duration [min]

=2
==

Rainfall Frequency

Rainfall frequency is commonly expressed as the
average return period of the event.

The value should be expressed as the probability of

that event occurring in any one year. e rm

Warning: Applet Window

As an example, a 100-yr storm, has a 1% chance of

Rainfall Intensities [in 7 hr]

Location - Longitude: 83.11 Latitude: 30.68

occurring in any one year, while a 5-yr storm has a
20% chance of occurring in any one year.

t Durations

1 5min  15min 30min 1hr  2hr  4hr 6hr  12hr  24hr  48hr
2 9850 4343 3098 1915

5 1238 5419 3863 2583 1617 0855 0700 0410 0328 0432
10 1371 6048 4311 3068 1016 1131 0830 0486 0374 0160
50 1639 7235 5155 4211 2636 155 1142 0670 0390 0.227
100 1736 7.665 5460 4744 2868 1753 1.287 0754 0444 0.259
00 18.25 8056 5738 5305 3320 1960 1.439 0844 0501 0.292
00 19.30 8520 GO0BE 6092 3813 2251 1.653 08969 0582 0.340

Multiple rare events may occur in any one year, but
that is not very likely.

=

Eit | Pint 3'

Wiarming: Applet Uindow 2
EJ

)| [& tnbox - Microsoft Out... | B M3 rain and hydrolag, @ 4 Intemet Explorer BRO o PHAES O ot
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1000
200 T Pl‘Obablllt).’ of design
%0 B storm (design return
300 “ // ////f period) not being
0 g /’7 exceeded during the
g 100 ,,,/” yull project life (design Probability of storm not being  Design storm return
c /32 v // period). exceeded in a one year (T,) period (T)
P ad'dya construction period
2 // /%60 / P
£ /] .
g S / // 4:} As z.m ex'ample, ifa 50% 1.9 year
g ) ////1/ project llae wa:s 5 75% 6.5
7/7 years, and a storm 90% 10
. /) A was not to be 95 20
7/7 exceeded with a 90% °
NS4 probability, a 50 year
4 el design return period
|
R RG] storm must be used.
Design period, T, years
33 34

. R SCS (NRCS) TR-55 Curve Number Model of Rainfall vs. Runoff
Example Hydrologic Calculation Methods '
Output Requirements Drainage Area Appropriate Method
Peak Discharge Only Up to 20 acres 3 4 5 7 C“r"ﬁzs‘)e"llahfgg‘?;’flsﬂfh;"{'he
Up to 2,000 acres 2 3 4 5 Q. (P028)” S
3 P +08S P
Up to 5 square miles 2 3 5
Up to 20 square miles 2 3 5 g ®
Peak Discharge and Up to 2,000 acres 2 3 5 g .
Total Runoff Volume Up to 5 square miles 2 3 5 §
Up to 20 square miles 2 3 5 % :
Runoff Hydrograph Up to 5 square miles p 3 5 2
Up to 20 square miles 2 3 5
1 Rational Method 2 SCS TR-20 Method 1
3 SCS TR-55 Tabular Method 4 SCS TR-55 Graphical Peak Discharge Method ,
5 COE HEC-1 Method (HEC-HMS) 0 1

Rainfall (P), inches

36



Cover description

Average percent.

Curve numbers for
hydrologie soil group

Cover type and hydrologic condition impervious area A B c D
Fully developed wirban areas (vegetation established)
Open space (lavms, parks, golf courses, cemeteries, ete.) 2
Poor condition (grass cover < 50%).. 6 70 86 9
Fair condition (grass cover 50% to 759%) 49 69 79 84
Good condition (grass cover > T5)... 39 61 k2 50
Impervious areas:
Paved parking lots, roofs, driveways, etc.
ling right-of way) 98 98 [ 98
Streets and roads:
Paved; curbs and storm sewers (excluding
Tight-of-Way) ..... 98 98 98 98
aved; open ditch - 8 89 ) 93
Gravel (including right-of-way) ... % 85 89 91
Dirt (ineluding right of-way) 7 & 87 9
Western desert urban areas:
Natural desert, G Iy) & 6 hid 85 £
Artificial desert landscaping (mpervious weed barrier,
desert shrub with 1-to 2-inch sand or gravel mulch
and basin borders) 96 9% 96 9%
Urban districts:
C cial and business 85 89 ] 0 33
] s1 88 91 93
Residential districts by average lot size:
1/8 acre o less (toWn houses) .. 65 7 85 90 92
1/4 acre 38 61 75 83 87
13acre 20 57 ] 81 36
12 acre 25 5 70 80 85
Lacre 20 51 63 b 84
re: 2 46 65 7 82
Developing urban areas
Newly graded areas
(pervious areas only, no vegetation) ¥’ 7 86 91 94
Tdle lands (CN's are determined using cover types
similar to those in table 2-2¢).
! Average runoff condition, and I, = 0.25.
2 The average I hown was i o
system, impervi have a CN of 98, and i
s ON's she i those of pasture. ite CN's may be computed f open space
covertype.
. i desert 24 based
(CN - 95) and the persi CN. The pervi oy 1o desert shrub in po
‘ i of teraporary i be computed 4
based development draperti e
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Typical
curve
number (CN)
values for
urban areas.

Typical CN Values for Pastures, Grasslands, and Woods

Cover description ——

Hydrologic

Cover type condition

Curve numbers for
hydrologic soil group -

B

Pasture, grassland, or range—continuous
forage for grazing. &

Meadow—continuous grass, protected from
grazing and generally mowed for hay.

Brush—hbrush-weed-grass mixture with brush
the major element.

Woods—grass combnation (orchard
or tree farm). &

Woods. &

buildings, lanes, driveways,
and surrounding lots.

Average runoff condiition, and I, = 0.25.
<50%) ground cover or heavily grazed with no rulch.
50 10 75% ground cover and not heavily grazed.
> 759 ground cover and lightly or onily occasionally grazed.
<50% ground cover.
5010 75% ground cover.
>75% ground cover.
Actual curve nuraber is less than 20; use CN = 30 for runoff corputations.
CN’s shown were corputed for areas with 500 woods and 5096 grass (pasture) cover. Other

from the CN's for woods and pasture.
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.
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Watershed Delineation Example

Watershed Delineation Hints

The determination of a watershed’s area begins with the analysis
of a topographic map of the region. The most downstream
point of interest (a potential dam site, a culvert location, the
outlet of a stream, where a stream reaches a river, etc.) is
located. The area contributing flow to that site is then identified
by application of a few simple rules:

Water flows downbhill

Water tends to flow perpendicularly across the contour lines
Ridges are indicated by contour “V”’s pointing downhill
Drainages are indicated by contour “V”’s pointing upstream.

\ patbn Chap
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Watershed Delineation Process e R oG
Information Sources ’ A

Topographic Maps Yo g L= S
* The fundamental sources of data for delineating and : :
studying watersheds are topographic maps. Generally,
each map covers 7.5 minutes of longitude and latitude.

These maps give a wealth of information including
topographic contour lines, locations of cities, buildings,
roads, road types, railroads, pipelines, water bodies,
forested land, and stream networks.

These maps typically have a scale of 1:24,000 (i.e. 1
meter on the map = 24,000 meters on land)

Detailed site maps having 0.1 to 2 m contour intervals are
usually required for final analyses.




') 6{1’ concern.
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Site soil
information
also needed
for TR-55

1 Tr:;aﬁce out the mai'n.id\‘r‘a‘m‘s;g
\ pathways upstream from) the point:

/
/

(3

3

Soil Textures

Sand, loamy sand, or sandy loam
Silt, silt loam or loam
Sandy clay loam

Clay loam, silty clay loam, sandy clay, silty
clay, or clay

‘,/\7\, ezl

clay loam

-<— percent sand

/

Group A soils have low runoff potential and high infiltration
rates, even when thoroughly wetted. They consist chiefly of
deep, well to excessively drained sands or gravels and have a
high rate of water transmission (greater than 8 mm/hr).

Group B soils have moderate infiltration rates when
thoroughly wetted and consist chiefly of moderately deep to
deep, moderately well to well drained soils, with moderately
fine to moderately coarser textures. These soils have a
moderate rate of water transmission (4 to 8 mm/hr).




Group C soils have low infiltration rates when thoroughly wetted
and consist chiefly of soils with a layer that impedes downward
movement of water and soils with moderately fine to fine
textures. These soils have a low rate of water transmission (1 to 4
mm/hr).

Group D soils have high runoff potential. They have very low
infiltration rates when thoroughly wetted and consist chiefly of
clay soils with a high swelling potential, soils with a permanent
high water table, soils with a claypan or clay layer at or near the
surface, and shallow soils over nearly imperious material. These
soils have a very low rate of water transmission (< 1 mm/hr).

Time of Concentration (t,)

The duration must be equal to the time of
concentration for the drainage area.

The time of concentration (t,) is equal to the longest
flow path (by time).

If the t, 1s 5 min for a storm having a return period of

25 years, the associated peak intensity (which has a
duration of 5 min) would be about 8.6 in/hr.

If the t, for this same return period was 40 min, the
peak rain intensity would be “only” 3.8 in/hr.

Soil Surveys

Information typically available in a soil survey:
Soil type by general area
Descriptions of the various soil types

Tables of information regarding the various soil
types

Soil classification (Hydrologic Soil Group A, B,
C, and D)

Time of Concentration Estimates

* The TR-55 procedures estimate t, using three flow
segment types:

— Sheetflow (maximum of 300 ft; WinTR-55 has a maximum
of 150 ft now, similar to some state agency restrictions)

— Shallow concentrated flow (paved or unpaved surfaces
— Channel flow (using Manning’s equation)
+ Candidate t, pathways are drawn on the site map and
the travel times for the three flow segments of each
pathway are calculated.

* The t, for the drainage area is the longest travel time
calculated.




(a) Topographic map (b) Slope (c) Iso-time lines

Fig. 8-22 Watershed W1, Treynor, lowa (A = 74.5 acres).

McCuen 1989
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Only a rain duration equal to the T, produces the maximum
peak runoff rate at the critical rain intensity. Shorter duration
rains do not produce runoff from the complete area, while
longer duration rains do not have any additional contributing
areas.

OV\\AI 4‘(_ YoiA
Au«-pdlé'\ owJuLl.J

\’\\\ ma,c ‘
o W

Area of watershed
0= contributing runoff as
0ol a function of flow

sl travel time (T))

07— In this example, 13

minutes is the watershed

0.6 — N .
time of concentration,

0.5 but almost all of the
watershed area is
04— contributing runoff at 9

or 10 minutes.
03

021

0.1 —

| | | | |
M 20 22 2A &6

] | [ | |
0 2= & o F A 2 4T 4t

( 3 4 35 ¢ 3 484 0 11T )3
Fig. 8-23 Time-area curve for Watershed W1, Treynor, lowa.

McCuen 1989
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Rains having durations equal to the T, must be used in
drainage designs as they produce the critical intensity for the
area and the level of service (likelihood of failure in any one
year). Longer duration rains have lower intensities for the
same service, while shorter duration rains do not have the
complete drainage area contributing flows during that time

period.
wdermatly oo Wil
m?v\r)— oM ';ZM ur‘ik*'\oJ""Q\

“ L w—Apa
\

M)
[ 3o low (o wove aves),
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Manning's Roughness = 0.24
Figure illustrating
T 4 / sheetflow travel time
0
21

i
6 wzs //2220 / ! v, 8
34 26 18
¥ / o o /| for dense grass
i surfaces, for varying
22ZCI M 4 8
18
1 0 p

300

250

E

N /) slopes and flow

ﬁg %// ///‘ // lengths.

// / ﬁ / - 0.007(nL)""
Cw? / t (P2 )0.5 So,4

=

0.01 0.05 0.1 02 03 0405 075 1

Slope (ft/ft)
—— Travel time (min)

Grass, dense (weeping lovegrass, bluegrass,
buffalo grass, blue gama grass, and native grass
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Channel Flow using Manning’s Equation:
2
149,75
y=—"
n
V = average velocity (ft/s), and
r = hydraulic radius (ft) and is equal to a/pw
a = cross sectional flow area (ft2)
pw = wetted perimeter (ft)
s = slope of hydraulic grade line (channel slope, ft/ft)
n = Manning roughness coefficient (for open channel flow)
59

Figure illustrating
shallow concentrated
flow velocities for paved
and unpaved surfaces
and for different slopes.

Watercourse slope (ft/ft)

Average velocity (ftisec)
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NRCS Travel Time Example:

A-B sheetflow (100 ft)

B-C shallow concentrated flow (1,400 ft)
C-D channel flow (7,300 ft)

100t 1,400 1t 7,300 ft
C
(Not to scale)

60



Worksheet 3: Time of Concentration (T¢) or travel time (T¢)

- Tabular Hydrograph Method

E=TS

sor County, Tennessse [

NM

Checkone lprasen [ Devebped

neskone: D7 [ Tythrough aul
Notes: Space for as many 3
Includa  map, scher

* The NRCS TR-55 Tabular Hydrograph Method uses
I watershed information and a single design storm to

2 Hembortrue , predict the peak flow rate, the total runoff volume,
L and the hydrograph.
:  Information needed includes:
Segment 1D BC
i “%L;Sé” Drainage area (square miles)
sy e L Time of concentration (hours)
Travel time through downstream segments (hours)
Segement ID cD . .
2 st o e ’ 2 24-hr rainfall total for design storm
14. Hydraulo radiu Compute 1 ft 0.957 . . o o
s comtnes % o [0005 Rainfall distribution type
16. Manring's roughness coef 0.05
oA Runoff curve number (and associated initial abstraction)
o Tie_L__ Gorroute Ty w099 T+ |=[0o9

w0V
20, Watershed or subarea T, or Ty (add Ty n steps 6, 11, and 19)

Layout of Subwatersheds for NRCS Example
Worksheet 5a: Basic watershed data
"= Faliswood “ Dyer County, Tennessee | bw ™ 10/1/85
Checkons: Uprasent [ Developed | Fremuency 49 25 Chesked NM 10/3/85
Subarea | Drainage | Time of Travel | Downstream Travel 24-hr Runoff Runoff Initial
name area concen- time. subarea time. rain- curve abstraction
tration | through names summation | fall nurmber
subarea to outlet
Am Te Tt T P oN Q AmQ la 1P
(mi2) (hry (hry (hr) (in) (in) (mi—in} (i)

T |030| 150| —-| 357|250 | 60| 65 | 235 | o7 | 1077|018
1 Subarea 2 1020 125| --| 357|250 | 60| 70 | 280 | 056 | 0857|014
3 1010 | 050050 57| 200| 60| 75 | 328 | 033 |0667| 07

4 __ 0.857
- —— Stream 025 | 075 57| 200 | 60| 70 |280 | 070 014
5 020 150] 125 7| 075 | 60| 75 | 328 | 066 |0667| 0N
6 040 | 150| -- 71 075 | 80| 70 | 280 112 | 0857 | 0.4
~—— Watershed 7 lozo| 125|078 - 0| 60| 75 | 328 | 066 |0667| Om

boundary
_etra. Subarea
boundary




Curve

L Curve I
number (i) number (i)
40 8.000 70 0.857 The initial abstraction
41 2.878 71 0.817 .
a 212 n o178 values (mostly detentio
43 2.651 Vi 0.740
44 2.545 74 0.703 1
u 2o e o0 storage) are a direct
48 2.348 76 0.632 3
i 2 s oz function of the curve
48 2.167 Ve:3 0.564
49 2.082 79 0.532 number.
kO 2.000 80 0.500
51 1.922 81 0.469
52 1.846 82 0.439
53 1.774 83 0.410
5 1.704 84 0.281
%3 1.636 85 0.353
56 1.571 86 0.326
57 1500 87 0.200
58 1.448 88 0.273
59 1.380 89 0.247
60 1.333 a0 0.222
61 1270 91 0.198
62 1.226 92 0.174
63 1.175 93 0.151
64 1.125 94 0.128
65 1.077 a5 0.105
66 1.030 06 0.083
67 0.985 a7 0.062
68 0.941 0% 0.41
69 0.899

~mowo+

tormw snow

cooo+
cooot

-HYDROGRAPH TIMECHOURS)
3. 3.8

0 1 1
8 13.2 13.6
B
K% TC = 1.5 HR * ¥ %
ek e b 4 .-

(9961 Amy “PE P02 ‘SGULIA0TE)

cooco+ tococo
cocoo+ toocoo

M, 0000 0000 ©000,in;0000 0000 OO0 W —NED

m+oooco

3
23 28 37 51 72 98 131 166 226 265 254 206 187 151 113 86 63 46 37
22 26 33 45 63 87 116149212 259 25 233 197 160 119 90 66 43 38
21 24 30 40 85 76 103134197 244 255 236 206 169 125 95 68 49 38
17 19 23 28 36 49 67 91151 208 247 230 196 146 109 77 54 41
16 18 21 26 33 43 59 80136 194 238 235 204 154 115 81 56 42
13 14 16 18 21 25 32 42 76 125 179 222 240 233193 143 102 &7 48
10 11 12 13 14 16 18 22 3¢ 59 101 201 236 230 193 135 86 59
78 & 9 10 11 12 13 16 22 34 58 95 141 203 226 197 131 84
5 5 € 6 7 7 & 9 10 12 16 22 34 56110 172 218 187 126
303 4 4 4 5 5 6 7 '8 9 11 14 18 34 69 141 210 190
2 2 2 3 3 3 3 4 5 5 6 8 9 11 16 27 66149 204
B L B e T e e e S e

KA R TC =15 HRA KK
AT o I T Tt A e
16 15 31 53 80 112144193 225 208 186 157 134108 89 70 56 48
0 1 4 12 25 43 68 97157 198 219 203 178151120 98 77 60 50
0 0 1 3 9 19 35 57114 168 201 213 196 171 135 108 84 64 53
0 0 1 2 7 15 25 48100 155 193 210 200 177 140 113 87 66 54
0 0 0 2 5 12 23 39 87 1Al 184 207 202182 146 117 89 68 55
0 0 0 o0 1 4 9 18 51 101 153 190 205197 164 131 99 73 58
0 0 0 0 0 2 4 9 30 68116 le0 189 197 179 147 110 80 62
0 0 0 0 0 0 0 1 5 20 49 92 138175195 178 137 97 72
0 0 0 0 0 0 0 0 0 1 7 21 47 85145187 178 133 9
0 0 0 0 0 0 0 0 0 0 0 1 413 45 97 162 180 138
0 0 0 0 0 0 0 0 0 0 0 0 0 1 & 3 8 16 174
0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 5 29 98160
B S e ol P o IoEE BoF IR G e

ok TC = 1.5 BRFFx
B e B e e N -
0 0 3 8 16 27 42 59 92 116 128 130 121 112100 90 67 60
0 0 2 6 12 22 35 51 84 110 126 128 123114102 91 63 61
0 0 0 4 10 18 29 60 91 114 126 128120108 97 763
0 0 0 3 & 14 24 52 83 108 123 126122110 98 72 6
0 0 0 0 1 2 61231 60 90 112 124126116 104 90 75 66
0 0 0 0 0 2 4 9 26 53 83 106 121125118 106 91 77 67
0 0 0 0 0 1 2 516 36 6 8 1086119122 112 97 81 69
0 0 0 0 0 0 0 0 3 10 26 49 75 98118 121 108 90 76
0 0 0 0 0 0 0 0 0 1 3 11 25 45 § 107 118 106 89
0 0 0 0 0 0 0 0 0 0 0 1 411 32 63 100 115 104
0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 16 48 94113
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 15 54
bt e B T1F L i G o

*HHTC= 1.5 KR K K

Worksheet 5b: Basic watershed data

Example Urban Watershed

e the watershed into relatively homogeneous subareas

Proret Fallswood weaen — Dyer County, lennessee  |® Dw = 10/1/85
checkone: Wprecent [ Dereeped | Frequeney ) 25 e NM “*10/3/85
Subarea Basic watershed data used 1/ Seloct and anter hydrograph times i hours from sxhbit 5412/
B 12.7|12.813.013.2]13.4]13.6]13 8\74,0\74,3\14 6\750\75,5
) I (mit—in) Discharges at se\e;ﬂg: ;vydvogvaph times 3/
i 150 | 250 | 010 0,71 4| 4 51 8 6| 8| 10| 13| 24| 49|100 |149
2 125 250 | 010|056 3| 4 4] & 71 8] N 18| 32| 64| 10| 127
3 |o50 |200 | 010]0.33 51 5 6l 8| 12| 211 41 67| 98| 92|60]| 29
4 1075 |200 | 010|070 8| 9 1 14| 20| 34| 62|\1086]172|192|149| 81
5 150 | 0.75 | 010|0.66 | 21|28 | 50| 83| n8| 147\ 158| 154| 127| 98| 67| 44
6 | 150 |0.75| OI0| 112 | 36| 47 | 85|140|200|249|269| 261|216 166 | 114 | 75
7 125 0| 010|066 169187 (205|178 140| 108| 85| 69| 51| 40| 31| 24
Composie hydrograph a ute 246|284|366l433|503|575 |636|686|720 | 701|631 | 529

1/ Worksheet 5a, Rounded as needed for use with exhibit &
2/ Enter rainfall distribution type used.
3/ Hydrograph discharge for selected times is A, Q multiplied by tabular discharge from appropriate exhibit 5

arges (csm/in) for type II rainfall dis:

BT e T Iey PR T T SR R
184 216 255 275 236 198 159 129 98 76 57 43 35

rororom

LRRES




2) calculate the drainage area for each subarea: 4) calculate the travel time (Tt) from each subarea discharge
location to the location of interest (outlet of total watershed in
this example):

| 0.1 hrs
I 0.05
I 0.05
v 0

I 0.10 mi2
I 0.08
0.6
10Y% 0.32
1.12

5) select the curve number (CN) for each subarea:

3) calculate the time of concentration (Tc) for each subarea . . .
Strip commercial, all directly connected

I 0.2 hrs Medium density residential area, grass swales

I 0.1 Medium density residential area, curbs and
03 gutters

v 0.1 Low density residential area, grass swales

9) determine Ia for each subarea (assumes Ia = (0.2 S) (SCS
table 5-1):

6) rainfall distribution: Type II for all areas I CN =97 Ia = 0.062 in.

II CN =46 Ia =2.348 in.

CN=72 Ia=0.778 in.
8) calculate total runoff (inches) from CN and rain depth (from v CN =40 Ia =3.000 in.
SCS fig. 2-1)

7) 24-hour rainfall depth for storm: 4.1 inches

10) calculate the ratio of Ia to P

| Ia/P=0.062/4.1 = 0.015

1T Ia/P =2.348/4.1 = 0.57
Ia/P=0.778/4.1=0.19

v Ia/P=3.000/4.1=0.73

I CN =97 ) Q=38in.

1 CN =46 ) Q=025
CN=72 ) Q=15

v CN =40 . Q =0.06

11) use worksheets SCS 5a and Sb to summarize above data and
to calculate the composite hydrograph




Project Location By Date.
v .

Cnacked Dale

chackone: () prosant Eaveiopea | Froquency () Y gy’

Subarea Basic walarshed data used 1/ Select and enler hydrograph limes in howrs from exhibit 5-11 2/

e loma [ [ T Tneluelve [rafnaslvs 1] i]1g [ 24
™ | o | (mi2—in) ]

(e53°

0.0
T 002 | 04 | 0081027 e irun] 14 |29 168601 [ 353 93|43 25|18
chi ¢ (73 V2 | B3(22.8)238/25T163| A5 6.8

)
&
O oS
T |o.1|985]0,87] 0.0Mcs L ad & © [F0 59 [19u]a9 |62 o[58 | o 3529
ek | e 14|35 39 |2.0|63]09)0,8 &

e b,
03 91594% 0193 |esuh g 20| A |28 63| L7 30|42 | 24| 1T

" edavpe uvlipn “ellagen €O, N -
Chodcona: I Prosent 82 Davelopsd | Froquoncy (v Vs Crecked O
Suberea | Dreinago | Tmool | Travel | Downseam | Tavel | 244 | punct | Funol iial
' name area [ concen- time subarea time rain- curve abatraction
mion | trcugh | names | summaton |l | ke
Am Te Tt I P oN Q AnQ Ia 1P
(mi2) (hr) () (hr) (in) (in} (mit—in) (i)
1+ 1000/ 02| —| — |04 |8]]|9F 3.8 0.38| 0062 0.0]]
1 1008 0.1 — — 0,05 a1 | 46 |0xS| 0,02 | 2.34% 0.57
IC 106203 — — |0.05180) | 2 |15 | 0493 ]0.77619
o5 0l —| — | © |41] 40 ol | 089 1009 0533
yARN N’ : i
L/ N B
73

|ove

© | psS=3l
1 18625 8 628618 4B, 23l €
. 0.5
U (0.l | & [of73008 i
Composite hydrograph at outet .'zﬁ}?[‘sm %‘[0856}&7“39‘
g g:'ﬁ::nﬁ: S'mhm mmmmwmmnn 5. \&_ "‘A‘( S'L&'LO
3/ Hydrograph discharge for selected times is Ay, Q mulliplied by labular discharge from appropriate exhiblt 5.
74
TGS S e s e Ryl d

WinTR-55 Small
Watershed Hydrology
32-bit Window Based Application

Version 2002.00.17
Compiled on 0641442002

WARTR-55 iz asingle event rainfall-runoff small watershed model. The model applies to
both urban and agricultural areas generating hydrographs from land areas and at selected
points along the stream svster. Multiple sub-areas con be modeled within a watershed.

Although WinTR-55 has been tested by its developers, NO warranty,
expressed or implied, is made as to the accurasy and functioning of the
programn and related program material nor shall the fact of distribution
constitute any such warranty, and MO responsibility is assumed by the
developers in connection therewith.

To contact us, please send email to: tr55team@wee hres.usda.goy

75

Some international locations now included in WinTR-55




= [ B]X]
=/ls| @ Ty v alwl £ 7 Reach Data
WinTR-55 Small Watershed Hydrology Reach Battam
) s Aanning Friction i Average Side
Project |dentification Dats Reach Mane Receiving Reach | Length " Slops (/1) Width Ses Structure MNarme
User.  [eob pitt State: [Alobama - (fth (ft)
Proisct.  [example TRSS run Courty: [geffersan = A B >| 520 | ooen 0.0300 35.00 E -]
B Outlet ~| 1260 | 0040 0.0100 50.00 B3 -
Sublile:  [rypothetical wate rshed Execution Date: 6/23/2002 — —
Sub-areas are expressed in Dimensionless Unit Hydrograph:  [<standards
" Acres
& Scuare lles Storm Data Source: <nane>
Fiainfall Distibution |dentiier
Sub-area Enty and Summary
o Sub-area Flows to oy | Wreighted
Sub-area Mame | Sub-area bescription Toachioutel | Areatmi®) 54 ‘ Te (hr) ‘
T strip eommereial A =i 010 o7 0.200
bne med den resid with swales B x| 008 46 0.100
111 med den resid with curbs & g | 062 & 0.300
IV low den resid with swales Outlet = 032 40 0100
Channel Rating - A Help | Dlot | ol ‘ Accept |
Stage Flow End Area Top Width  Velocily 7 Reach Flow Path
m cfs 1] I1i] (f/s)
0.0 0.000 0.00 35.00 0.000
o . 0.5 48.455 18.75 40.00 2584
S R (H) 1.0 158.167 40,00 45.00 3.954
2.0 533 556 90.00 55.00 5.928
5.0 2960.268 300.00 85.00 9.868
100 12312.724 850.00 135.00 14.486
200 58319.892 2700.00 235.00 21.600
File: D-\curent filestCLASSE S Construction Site Erosion Contiol3 Rains and hydiologytexample | 6/23/2002 12557 File: D:\current files\CLASSE ShConstruction Site Erosion Control\3 Rains and hydrologphexample E/23/2002 13.08

77 78

(T (5
32|22 % |2 [%|E| & P sow pointe

MinTR55 Reach Rating

EIE]%]

672372002

= Reach, Flow Path A=)
Reach Flow Path

Project: example TR55 run
Channel Rating - &
D:\eurrent filesiCLASSESConstruction Site Erosion Cartrol'd Reins and hydralogyiexample

58320 ¢

—— Project (example TRSS run) Flow Path
s2as - Top wIDTH ()
o B {Length=1260}
A {Length=5210}
ws2a

I {Area=01mi® CM =97, Tc = 0,200}
o II {Area= 0.08mi% CM = 46, Te = 0,100}

IIT {Area= 0.62mi%, oM =72, Te = 0.300}
e T4 {Area=0.32mi® CM =40, Te = 0,100}

23328

17400

FLOW (cts) END AREA(F) TOPWADTH (f)

11084

Red - Structures

E? Qemil| Help ‘ Cloze ‘

|
79 80

Elue - Reaches Sreeh - Subareas

s832

Click on "Outlet’ for more information.

B 1 1a E B 21
ELEVATION®

File: D:hcurrent files\CLAS SES\Construction Site Erosion Contralk3 Rains and hydiolegytexample X 22.05

'Y, 26575.84
—




- [B%]

Siuyyg) Late

Storm Data

Jefferson County, AL [MRCS)

Toreplace these storm data with thoze compiled by Ramfal! 2.4-Hr
the NRCS for Jefferson County, &L, click on the Return Period  Rainfall
command button below. [t Armount (in)

—

HRCS Stomn Data

o
[20)

Fleaze select a rainfall distribution type fram the list
below. The list includes the standard TR-20/TR-55
tupes and any humber of user-defined distributions.

(=5
—

EEOEEREE
EEEEEEER

Rainfall Bistribution Type:

(=5

Type ITT

= [ea]

o
=

(o)
o

? Help | Qancel| ﬁccepT‘

File: D scurrent files\CLAS SESWConstruction Site Erogion Cot | B/23/2002

81

1311

Ly _J

Frint Edit TR-20 Reports WinTR-55 Reports Help

Hydrograph Peak/Peak Time Table

a

%]

Bob Pitt example TESS run
Nypothetical watershed
Jefferson County, Alabama
Hydrograph Peak/Peak Time Table
Sub-Area Peak Flow and Peak Time (hr) by Rainfall Return Period
or Reach 2-¥r 5-¥r 10-¥r 25-¥r 50-Yr  100-¥r 1-¥r
Tdentifier
(nry 333} (nry 333} (nry 333} (nry
SUBRRERS
T 216,72 281.98 325.31  3683.53  406.43  449.64 18401
1z.11 1211 1z.10 1211 1z.11 12 10 1z.11
iid 3.56 18.76 26.74 57.46 7.3z 101.M7 0.71
12.42 12.14 12.13 12.12 12.13 12.12 12.M
xrr 623.84 99907 1262.67 1533.00 1772.06 2050.20  450.26
12.12 12 11 1z.11 12 11 12.12 12 11 12.12
v 2.03 19.77 48.51  106.39 169.22  249.35 o0
15.02 1242 1232 12 14 12 13 1213 n/a
BEACHES
n 216,74 281.98 325.31  368.53  406.43  d449.64 184.01
1z.11 12.11 1z.10 12.11 1z.11 12.10 1z.11
Doun 215.51  280.50 323.65  366.76  404.47  447.43 18288
1230 12_28 12 28 1227 12 26 1226 1z 31
B 734.05  1173.40  1488.72 1814.85 2103.47  2439.46 539.56
1z.12 12.12 1z.13 12.12 1z.12 12.12 1z.13
Down 728.65 116625 1479.68  1803.03  2090.30 242454 53504
12.16 12.15 12.18 12.15 12.18 12.14 12.16
OVTLET 728.65 1170.02  1525.67 1908.43  2256.60  2668.28 535.04

C:\Program Files\w/inT R-554rE5mpts. out £/23/2002 1315

83

[w Z2-%p
[w 5-wr
[w 10-¥r

Help

R TR

Run WinTR-55

Check. storm(s] to evaluate:

-

17

[w 1-wr

Cancel

v 25

v 50-¥r
[ 100-vr

Eun

X

82

(ESGraphice
b@%m@\“ﬁlﬁ O 2| show pointe

[#AnTR-85 Output Hydrograph Project: example TR55 run 6/23/2002
Subareas: (I ¥, Qutlet) Storm: 2-Yr
Dricurrent files\CLASSES\Construct; Erosion Controli3 Rains and hydrologyiexample:
a0
G600 Trial #1. T
—— — T AL T
Trial #1, TIT
— Trial #1, IV
500 ———eme Trial #1, OUTLI
i
F H
| @00 |
o
w
£
200
100
1 1 = o
TIME g
File D zuren flec\CLAS SES Woneruction Site Fiosion Coniol\E Figing and 2 L0830

84




= Uuipui Usfindiiun
Output Definition
Available Reports:

[+ current data description

<]

Storm Data

Watershed Peak Table

EUBEY

Hydrograph Peak/ Peak Time Table

<1 7

Sub-Area Summary Table

<]

Sub-Area Time of Concentration Details
Sub-Area Land Use and Curve Number Details

Reach Channel Rating Details

=17 1117

Print To:

v Printer/File " Report Yiewer Help | Besei| Print | Qlose|

S]]

Example Applications to Construction Sites

Upslope and
downslope
drainage areas
for construction
site.

85

Subdrainages on and near construction site affecting control design.

Calculation
objective

Acres |Cover
n
"

Direct to
site

Hydrograph (to 73

be combined

with U2 and U3)

Peak flow rate 73
and hydrograph
(to be combined
with U1 and U3)

Diversion
to site
stream

7.4 %
'I
'

Peak flow rate

and hydrograph
(to be combined
with U1 and U2)

Diversion
to site
stream




WinTR-55 Current Data Descripticn

Upslope Subdrainage Area TR-55 Calculations (“5-year”

Calculations for areas draining

storm) --- Tdentification Data --- to sediment pond
User: Bob Pitt Date: 7/21/2003
Project: site diversions Units: English
3 A A bTitle: i i fEgi
Area Location Direct area-depth Peak unit Peak State: - AYbbamc o oe nEANLS EEsALAREARACs o
A . County: Tuscaloo:
Notation Runoff, Q (AmQ), area flow discharge Filename: C:\Documents and Settings\rpitt.000\Application Data\WinTR-5s\exanple erosion ile.uss
(inches) (mi2- rate (ft3/sec)
inches) (csmlin) --- Sub-Area Data ---
Upslope = 2.8 0.16 41 66 Name Description Reach Area(ac) RCN Te
direct to on n ";;;i;;;'é.;';;;';;;;.{"I\ """""""" e 73 olaso
. u: di % =

site stream w palope to divernion  a b LER 44
01 on site to pond A 12.6 91 0.100

Upslope — . 02 on site to pond A 7.1 91 0.100

diVerSiOn to Total area: 74.10 (ac)

on site

stream --- Storm Data --

U | Rainfall Depth by Rainfall Return Period

.pS o;_)e = 2-vr 5-¥r 10-vz 25-Yr 50-¥r 100-¥r 1-¥r

diversion to  dim (in) (in) (in) (in) (in) (in)

on site 4.2 5.4 6.3 7.1 e ;7; --------- ;’é’

Stream Storm Data Source: Tuscaloosa County, AL (NRCS)
Rainfall Distribution Type: Type III

Dimensionless Unit Hydrograph: <standards

89 90

ot 5 Oups wrogsoh  Project:site divarsions S Acceptable Levels of Protection for Different
ubareas: (U1, U2, U3, 01, 02, OQutlet) Storm: 10-Yr . . o, e . .
. C\Do:cumem:s and S:emngs‘r:pm: UUU\:AHDHEE:uon Dat;ali/\ﬁinTR—SS‘examp!e erosion file wss Slte ACthltleS 1 ear COHStI’llCthH 0 eI'IOd
" ‘H I o Example Design Storm |24-hr Rain
S T O O O | N O - 1 Acceptable  |Return Period | Depth
wi{ 1 b I || e Failure Rate
g™ Diversion 6.5 years 5.5 inches
2 o channels
. Main site 5% 20 6.6
channel
Site filter 50% 1.9 4.0
“ R |\ N fence
. ; : : s ; s _kizﬁ—;:ﬁ -
D ® = Sediment 5% and 1% |20 and 100 6.6 and 8.4
T I M E (hrs) pond

91




Runoff Water Depth

(needed for sheetflow calculations on slopes for slope protection)
3

_qn P
1.495°°

y is the flow depth (in feet),
q is the unit width flow rate (Q/W, the total flow rate, in ft¥/sec.

divided by the slope width, in ft.) Flow Depih,inches (2 yr”storm; n = 0.40)
n is the sheet flow roughness coefficient, and

Joksds

s is the slope (as a fraction) \\/ / /

y:

Vow 025 —
s
0 o015
o T e
; -
o o]
| o5 _ e—

02 04 08 08 10
Slope (fuft)

93



