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| B Module 3 Content

3a. Introduction
3b. Urban hydrology for small watersheds (TR-55)

Estimating runoff

Time of concentration and travel time
Peak discharge

Storage volume for detention basins

Synthetic rainfall distributions and rainfall data
sources

3c. Rational Method/Modified Rational Method
3d. Hydraulic Control Design




PG 2

l ' 3a. Introduction

Partll B

Design storms: 1-, 2- and 10-year 24-hour
Rainfall frequency data: NOAA Atlas 14

NRCS synthetic 24-hour rainfall distribution
and models

— TR-55 and TR-20

— Army Corps hydrologic and hydraulic methods
or other standard methods

Drainage areas < 200 acres: Rational or
Modified Rational Method
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PG 2-3

l ' 3a. Introduction

Part Il C

Impacts measured at each point of discharge
and include runoff from balance of watershed

Design storms: 24-hour (NRCS rainfall
distribution) or storm of critical duration

Subdivisions: Apply SWM criteria to whole LDA

Hydrologic parameters: Reflect ultimate land
disturbance
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PG 2-3

l ' 3a. Introduction

Part Il C (continued)

* Pervious lands:
Prior to development, assumed:
o in good condition
o with good cover or

o with conservation treatment
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Pre-Developed Hydrology

evapotranspiration:
40-50%

a _ surface runoff:

interflow:
20-30%

evapo- ks_&),

transpiration]
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Post-Developed Hydrology

"l’li.
~25%
~30%

_interflow: 0-30% .
interflow \«. &, '\\
| » \
l e

/

evapotranspiration:
~25%

surface runoft:
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PG 4

3b: Urban Hydrology for Small
| B Watersheds (TR-55)

NRCS publication Technical
Release Number 55 (TR-55): See Resources Section for

Urban Hydrology for Small link to TR-55 manual
Watersheds, 2nd edition Review!
(June 1986)
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PG 4

3b: Urban Hydrology for Small
| B Watersheds (TR-55)

» TR-55 used for estimating peak
discharges from urban watersheds

1. Graphical method
2. Tabular method

dp = 4 AmQF,
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o E Estimating Runoff

* Curve Number (CN) determination

CN indicates
runoff potential of an area
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PG 7

o E Estimating Runoff

* Information needed:
— Hydrologic soil group

— Hydrologic condition
« Cover type

 Treatment
— Antecedent runoff condition

— Connected vs. unconnected

m< "
'/.=
<9
ZJ’
20 ‘
oo /
A
=2




PG 7-8

] B sbe Estimating Runoff
» Hydrologic Soil Groups

Group B:
Moderatel
low runoff
potential

Group A:
Low runoff
potential

Group C:
Moderatel P o

Group D:

high runoff

potential potential
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PG 9

o E Estimating Runoff

- Hydrologic conditions

— Effects of cover type and treatment
on infiltration and runoff
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PG 9

o E Estimating Runoff

» Hydrologic conditions (continued)

— Treatment = Management of cultivated
agricultural lands

— Existing or undeveloped land
considered to be in good condition

* Results in lower existing peak runoff rates

m< \
'/.=
<8
7)

=g
olv
77




‘Table 3-2 Runoff Curve Numbers for Urban Areas ©© !2

Curve numbers for
hydrologic soil group —————

Cover description
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, ete.) 2"
Poor condition (grass cover < 50%) ..o veeeieeeeeeeceae e 68 79 86 529
Fair condition (grass cover 5006 to 75%) o 49 69 79 24
Good condition (grass cover = TEM) e 39 61 74 80
Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding right-of-Way) .. s 98 98 98 95
Streets and roads:
Paved; curbs and storm sewers (excluding
TIZRE-OF-WAF) 1oeiiieieceie s an 98 98 98 98
Paved; open ditches (including right-of-way) ....c.cooeveviericcinnen. 83 89 92 93
Gravel (including right-of-way) ..o 76 85 89 91
Dirt (including right-of-Way) .......ccoocveeiescvi e e 72 82 87 89
Western desert urban areas:
Natural desert landscaping (pervious areas only) &/ ..................... 63 7T 85 et
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 bUusSINess ... e 85 89 92 94 95

Residential districts by average lot size:
1/8 acre or less (LoWI ROUSES) i ss s ersiar s s sssssssssassns
L/ BICTE oot e e et a e e e e e e ne e e e na e e e e e nanaaeas
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Table 3-3 Runoff Curve Numbers for PG I3
Other Agricultural Lands

Cover description ——m™m ™ ™——————mM ——————4—4m8m@8@ — — 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 9 84
Good 39 61 74 30

Meadow—continuous grass, protected from

grazing and generally mowed for hay.

brush—brush-weed-grass mixture with brus Hoor S { .
the major element. 2/ Fair 35 56 70 77
Good 304 48 65 73
Woods—egrass combination (orchard Poor 57 T3 82 86
or tree farm). & Fair 43 65 76 82
Good 32 58 72 79

Farmsteads—buildings, lanes, driveways, — 50 74 82 86
and surrounding lots.

I Average runoff condition, and I, = 0.25.
Poor:  <50%) ground cover or heavily grazed with no muleh.
Fair: 50 to 75% ground cover and not heavily grazed.
Good: > 75% ground cover and lightly or only occasionally grazed.
2 Poor.  <50% ground cover.
Fair: 50 to 75% ground cover.
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o E Estimating Runoff

* Antecedent runoff condition

— Index of runoff potential before a
storm event
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o E Estimating Runoff

 Connected vs. unconnected
— Consider:
* % impervious area and

e conveyance to drainage system
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PG 14 |

o E Estimating Runoff

IConnected impervious area: i

:- Runoff flows directly to drainage system; or I

I Runoff is concentrated shallow flow over pervious area :
I and then into drainage system

!Unconnected impervious area:

[ . [
1 * Runoff from impervious area is spread over pervious [
1 area as sheet flow before discharging to drainage [
I system :
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PG 14

o E Estimating Runoff

 Connected vs. unconnected

— CN values developed assuming:
 Pervious urban areas ~ pasture (good)

* Impervious areas directly connected
have CN of 98
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PG 14 |

| B 3bu Estimating Runoff

« Connected vs. unconnected

— Total impervious area < 30% and
Impervious area not directly connected

» designer can use Figure 2-4 of TR-55 to
determine CN (Fig. 3-4 in PG)

— Total impervious area > 30%
Impervious area considered connected

» designer can use Figure 2-3 from TR-55
to adjust CN (Fig. 3-3 in PG)
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Figure 3-3 Composite CN with Connected PG |17
Impervious Area or |IA 2 30% of Drainage area

Figure 2-3 Composite CN with connected impervious area.
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Figure 3-4 Composite CN with Unconnected PG 17
Impervious Area and Total IA < 30%

Figure 2-4
E——

Composite CN with unconnected impervious areas and total impervious area less than 300
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PG I8

o E Estimating Runoff

* Runoff equation

— Used to express how much runoff
volume generated by certain volume of
rainfall

— Attempts to quantify losses before
runoff begins

— Runoff computed is fraction of rainfall
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PG I8

o E Estimating Runoff

_(P-1)
9= (P—1la)+S

Q = Runoff (in)
P = Rainfall (in)
S = Potential maximum retention after runoff begins (in)
S (1000] 10
CN
CN = Curve number

[, = [nitial abstraction (in) = 0.2x S
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Table 3-5 I, Values for Runoff Curve Numbers P© 28

Table 5-1 L, values for runoff curve numbers

E—

Curve L Curve L,

number (in) number (in)
40 3.000 70 0.857
41 2.878 71 0.817
42 2.762 T2 0.778
43 2.6561 T3 0.740
44 2.545 T4 0.703
45 2.444 5 0.667
46 2.948 76 0.632
47 2.255 77 0.597
48 2.167 78 0.564
49 2.082 79 0.532
ol 2.000 80 0.500
ol 1.922 81 0.469
52 1.846 82 0.439
D3 1.774 83 0.410
o4 1.704 84 0.381
515 1.636 85 0.353
51§ 1.571 86 0.326
a7 1.509 87 0.299
St 1.448 88 0.273
59 1.390 89 0.247




PG 18-19

| B Runoff Equation Example 3-1

Given a watershed with a CN of 80, what
would be the direct runoff (Q) from a
rainfall (P) of 4.0 inches?

P = rainfall (in)
CN = runoff curve number
S = potential maximum retention after
runoff begins (in)

2= IR
s?‘
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PG 18-19

| B Runoff Equation Example 3-1

P = rainfall (in)
CN = runoff curve number
S = potential maximum retention after runoff begins (in)

o -(1000) 5 (1000 355

CN
|,= initial abstraction (in) =0.2xS=0.2x25=0.5
o — (P-1,)* _ _(40-05) .,

- (P-1,)+S (4.0-0.5)+25
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Runoff Equation Example 3-1 PG 19

8
7 Curves on this sheet are for the
case |, = 0.2S, so that
_ 2
Q- (P-0.2S) \@

6 P+0.88
w
2 s
Q
£
<)
- 4
o
c
=
o
o
=

=

D = — —

° Step1: P=4.0 :

5 6 7 8 9 10 1 12

Rainfall (P), inches



Runoff Equation Example 3-2 PG 20
Runoff depth for curve number of—
Rainfall 40 45 50 55 60 65 70 75 95 98
inches
1.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.56 0.79
1.2 00 .00 00 00 00 00 .03 07 .14 99
1.4 00 .00 00 00 00 02 06 A3 2 1.18
1.6 00 .00 00 00 01 05 A1 20 1.11 1.38
1.8 00 .00 00 00 .03 09 A7 20 1.29 1.58
2.0 00 .00 00 02 06 A4 24 38 1.48 L.77
2.5 00 .00 02 08 A7 30 46 .65 1.96 2.27
3.0 00 02 .09 19 33 5l N 06 2.45 2.77
; 02 .08 20 35 53 75 1.01 1.30 2.94 3.27
-0 I8 33 53 T 163 33 AP 3.43 3.77
.30 50 4 1.02 1.33 1.67 2.05 3.92 4.26
A4 69 B8 1.30 1.65 2.4 245 1.42 4.76
.80 1.14 1.52 1.92 2.35 2.81 3.28 5.41 5.76
. B 1.24 1.68 2.12 2.60 3.10 3.62 4.15 6.41 6.76
8.0 1.25 1.74 2.25 2.7 3.33 3.89 4.46 5.4 7.40 7.76
9.0 1.71 2.29 2.88 3.49 410 4.72 5.33 5.95 8.40 8.76
10.0 2.23 2.89 3.56 4.23 4.90 5.56 6.22 6.88 9.40 0.76
11.0 2.78 3.52 4.26 5.00 5.72 65.43 7.13 7.81 ! ] 1039 10.76
12.0 3.38 4.19 5.00 5.79 6.56 7.32 8.05 8.76 945 1011 1076 1139 1176
13.0 4.00 4.89 5.7T6 6.61 7.42 8.21 8.98 9.71 1042 1110 1176 1239 1276
14.0 4.65 5.62 6.55 T.44 8.30 9.12 9.91 10.67 1139 1208 1275 1339 13.76
15.0 5.33 6.36 7.35 8.29 919  10.04 10.85 11.63 1237 1307 13.74 1439 1476




PG 21

| B 3b2: Time of Concentration, Travel Time

Travel time (T,):

Time it takes water to travel from one location
to another in a watershed

é N

Time of concentration (T.):

Time required for water to travel from most
hydraulically distant point in watershed to
point of analysis

Qum of time increments for each flow segmeny

T. = Z (overland flow + shallow
concentrated flow + channel flow)

>
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PG 22-23

| l 3b2: Time of Concentration, Travel Time
Flow segments

Overland (Sheet)

Flow Upper reaches
Manning's Shallow flow of hydraulic

kinematic flow path
solution

Shallow Overland flow
Concentrated converges to FIovxéZ;:il;r‘l: dW/ 2
Flow form defined channel
Graphical solution flow
Flow converges in
CRAGannnnei:‘F|§W natural or Well defined
< manmade drainageway

Equation conveyances




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

Project By

PG 24

Crat=

Laocation Checked

Date

Chock ona: Ll Present [ Dowvelopad
Check onac DT{: ] Tt through subarea

Include a map, schematic, or description of flow sagments.

MNotes: Space for as many as two segmants per flow type can be used for each workshaot.

Sheet flow (Applicable to Tc only)

Segment 1D

1. Swurface description {table 3-41) _______ ...

2. Manmnning's roughness coafficient, n (table 3-1) ... ...

3. Flow length, L {total L + 300 ft) .o M

4. Two-year 24-hour rainfall, Po ... in

5 Landslope, s ... .t
5. Ty = 0.007 (nL} o8 Compute Tt ......... hr

P, 05 g0.4

Shallow concentrated flow

Segment 1D

7. Surface description (paved orunpawved) ...

B, Flow lamgth, L it ciciisaa venenne e T

8. Walarcourse SIoPE. S . cicicricccccccccicsscsccss covessenens TUHL

10. Average vabocity, V (figure 3-1) e, s

1. Ti= L Compute Tt ... hr

3E00 W

Segment ID

12. Cross sectional flowarea, a ... ft=

13. Weaetted parimmater, pawy .o

a
14. Hydraulic radius, r= — Compuie r ......coocciiiicocao it

| + |

15 Channel slope, 5 ...... B e Tt
16. Manmming's roughness cosfficient, M ..
17. v= 14gr@8g= COMPULE W oo s
18, PO ASNGIN, L oo T
10, Ti= L Compute Ty -.ooeeeeee. hr

3600 W .
20, Watershed or subarea Tg or Tt (add Tt in steps &, 11, and 19) ...

ARTMENT OF
TAL QUALITY




| B 3b3: Peak Discharge

TR-55 presents two methods for

estimating peak discharge:

PG 25

e Graphical Method

e Provides peak discharge and
runoff volume

e Tabular Method

e Provides peak discharge, runoff
volume, and a runoff hydrograph
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9p = GuAmQF,
Information you will need -

 Rainfall distribution (i.e., Type |, 1A, 1l or 1ll)
« Rainfall amount (P), in inches

 Soil Hydrologic group

« Weighted runoff curve number (CN)

« Total runoff (Q), in inches

- Initial abstraction (l,)

- Ratio of I/P

« Time of concentration (t.), in hours (= q,)
- Drainage area, in square miles (A.)

« Swamp Factor (Fp)




¥ Find q, on chart -

- Use I /P ratio
and t. value to
find g, on chart

dp = 9, ALQF,
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3b4: Storage Volume for =

| ' Detention Basins

» Simplified procedure for estimating
required storage volume (V)

» Suitable for estimating required
storage for preliminary design

* Not suitable for final design
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PG 35

3b4: Storage Volume for
| B Detention Basins

* Information needed to estimate
storage volume (V) :

— Peak outflow discharge (q,)
— Peak inflow discharge (q))

— Runoff volume (V)
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PG 35

3b4: Storage Volume for
| B Detention Basins

* Design procedure to estimate V,
storage volume required
1. Determine q,

2. Estimate q;(chapters 4 or 5 of
TR-55)
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PG 35

3b4: Storage Volume for
| B Detention Basins

» Design procedure to estimate V,
storage volume required (cont.)

3. Compute q_/q; and determine
value for V/V, from Figure 3-9

(Pg 37)
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Storage volume Vg
Hunoff volume

PG 38
Figure 3-9 Approximate Detention Basin Routing

Vi

A .2 O 4 5 B 7 8 !
Peak outflow discharge {q@ )
Peak inflow discharge ' Qj F



G 36
3b4: Storage Volume for -

| ' Detention Basins

» Design procedure to estimate V,
storage volume required (cont.)

4. Q (in inches) was determined
when computing g; in step 2

— Now convert to units in which V/
Is to be expressed
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PG 36

3b4: Storage Volume for

| ' Detention Basins

Design procedure to estimate V, storage
volume required (cont.)

5. Use results of steps 3 and 4 to
compute V.

Vs — Vr X [\ﬁj
Vr

V. = runoff volume (acre-ft)

V. = storage volume required (acre-ft)
(V./V.) from figure 3-9
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Worksheet 6a: Detention basin storage, peak outflow discharge (q,) known

Project By Date

Location Cheacked Diate

Check ome: ] Presant |:| Dewvelopad

Worksheet é6a

from TR-55 is
R useful for

i e 0 e —— documenting

[ Elevation or Cstage

tF:r% ‘3?.” Ei s‘f;“ﬁﬁ.{’" — g ——
P {L.lse_gu._ with figure 6-1) ° .|. d
o | — | inputs an
Stage Stage . Bunoff, Q ... in

{ From workshest 2)

2. Frequency .............. yr | | | 8. Aungffvolume | | res U ITS

3. Peak inflow Vr = QAm 53.33)
discharges qi ............ ﬂﬁ.-’s| | | 9. Storage volume,
(from worksheet 4 or 5b) NMe a.,:__ftl | |
A
4. Peak outflow | | | (VMg =V ( Vs y)
discharge Qs fidis Vr

10. M{afxrérpnugllﬂﬁt}orage Emax | | |

Qo
E. Cnmpute_q__ ............... . | | |

I =
A/ 2nd stage q includes 1st stage q . ﬁ.DEQ
VIRGINIA DEPARTMENT OF

ENVIRONMENTAL QUALITY




PG 39

| B Example: Estimate Storage Volume

Given:
» 3-acre site in Richmond, Virginia (Type Il)

* Developed discharge rate into the basin
=10cfs=q;

- Allowable discharge rate = 2 cfs = q,
* Developed runoff volume = 1.33 inches
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Example: Estimate Storage Volume

PG 39

Vs

Vs

Storage volume

Vs =Vr><(—

r

=14,520

v

Vr =4 acre-inches x(

.I:t3

Vr = (3acres x1.33inches) = 4 acre-inches

1 foot y 43,560 ft?
12 inches 1acre

|

Vs =14520 ft*x0.45=6,5 3 4ft°

Peak outflow discharge

Peak inflow discharge

~ +/
o




PG 43

l ' 3c: Rational Method

Rational Formula: Estimates peak rate of runoff
at any location in a drainage area

Q=CxIxA

Where:
Q = Maximum rate of runoff (cfs)
C = Dimensionless runoff coefficient (dependent on land use)

[ = Design rainfall intensity (inches/hr) for duration equal to
watershed time of concentration

A = Drainage area (acres)
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PG 43

l ' 3c¢: Rational Method

* Runoff Coefficient, C

— Fraction of runoff associated with specific land
cover

— Recommended coefficients (Table 3-7, p.46)
- Rainfall Intensity, |

— Average rate (in/hr) for storm duration equal to
time of concentration

— Given return period and T, for drainage area, use
Intensity-Duration-Frequency (I-D-F) curve
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| ' 3c¢: Rational Method

PG 48

Table 3-7 Rational Equation Runoff Coefficients

1999 SWM Handbook (page 4-20)

Land use “C ” Value
Business. industrial and commercial ... ... .. ... 0.90
Apartments . . ... . e e 0.75
Schools . . ... 0.60
Residential - lots of 10,000 sq. ff. ................. 0.50

-lots of 12.000sq. f7. .. .. .. ... ..., 0.45

-lots of 17.000sg. f1. .. ... .. ... ... .. 0.45

-lotsof Y2acreormore ... .. ... ..., 0.40
Parks. cemeteries and unimproved areas . ... .. ... ... 0.34
Paved and roof areas . ... ... .. . .. .. . ... ..., 0.90
Cultivated areas . . ... . it i i e, 0.60
Pasture .. .. .. e e e e e e 0.45
Forest ... . e e e e e e 0.30
Steep grass slopes (2:1) . .. .. . o 0.70
Shoulder and ditch areas ... ... . ... ... ... .. ...... 0.50
I T T 0.20

VIRGINIA DEPARTMENT OF 2

ENVIRONMENTAL QUALITY



[-D-F Curve for Richmond

HYDROLOGIC METHODS

City of Richmond

APPENDIX 4D

VSWMH -

)}

Rainfall Intensity (in/hr)

1999 edition,

Duration (min)

Chapter 4,
A dix 4D
S
' ] ™ i
™N .
N .
h
N
‘ N
o =
i 100 Year
N I R | }
50 Year
| S I | .
10 Year
R (0 O |
5 Year
L1
1 ZHXJ(éa‘r
| ! ]f }
; i ? = T T =
0 10 20. 30 40 50 60 ‘ \
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PG 49 |

| . 3c: Modified Rational Method

Analyze different
durations to
determine which
requires greatest
storage volume
(critical storm
duration)

lterative -
Determine the
rainfall duration
that produces
the maximum
storage volume

Variation of the
rational

method for
sizing detention
facilities

3
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| ' 3c: Modified Rational Method

Figure 3-13: Modified Rational Method Runoff Hydrographs
1999 SWM Handbook (page 4-27)

10 year recurrence interval
hydrographs for various rainfall
averaging periods.

Rainfall averaging
m periods in minutes
H
Allowable Relegse Rote

Discharge (cubic feet per second)

e\ 4-10.dwg Time (minutes}



Design of hydraulic control structures

e Stormwater management facilities
* BMPs

Discharge rating cures

e Describe outflow discharge
associated with elevation of
upstream wafter

J

Hydraulic structures difficult to model: 1999 VSMHB Ch.5

EPARTMENT OF 2

NVIRONMENTAL QUALITY

m<
o

3



PG 52

| B 3d: Hydraulic Control Design

Welir: A structure placed across a waterway to
regulate or measure flow or discharge

QW — Cwx Lxh"™?

Where:

Q., = Weir discharge (cfs)

C,, = Dimensionless weir coefficient
L = Length of weir (ft)

h = Hydraulic head (ft)

m< "
'/.=
<9
ZJ’
20 ‘
oo /
A
=2




PG 53

| B 3d: Hydraulic Control Design

Table 3-9: Dimensionless Weir Coefficients
1999 SWM Handbook

WEIR FLOW COEFFICIENTS, C

Breadth of weir crest
Measured head, i, (ft.)
( ft.)
0.50 0.75 1.00
0.2 2.80 2.75 2.69
0.4 2.92 2.80 2.72
0.6 3.08 2.89 2.75
0.8 3.30 3.04 2.85
1.0 3.32 3.14 2.98
1.2 3.32 3.20 3.08
1.4 3.32 3.26 3.20
1.6 3.32 3.29 3.28
1.8 3.32 3.32 3.31
2.0 3.32 3.32 3.30
3.0 3.32 3.32 3.32
4.0 3.32 3.32 3.32
5.0 3.32 3.32 3.32 i——iD]FQ
VIRGINIA DEPARTMENT OF
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| B 3d: Hydraulic Control Design

An orifice is another type of structure
used to control or measure discharge

Q=C xa x \/2 X %X

Where:

Q = orifice discharge (cfs)

C = dimensionless orifice coefficient*
A = orifice area (ft?)

G = gravitational acceleration (32.2 ft/sec?)
h = hydraulic head (ft)
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