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OVERVIEW
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PRECIPITATION
Unit IV

Stormwater Management

O

o Works hand in hand with Erosion and
Sediment Control

o Addresses Water Quantity and Water
Quality
o MS-19
o Local Ordinances
o State Programs
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Hydrology

O

* While MS-19 and the VSMP regulations
supplement and/or replaces each other, hydrology
remains an important item for planning and things
like ditch calculations

« This class focuses on methods for calculating flow
velocity and discharge
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Hydrology
Look at:
© Hydrologic/Water Cycle
© Precipitation

© Runoff




Hydrologic Cycle Hydrologic Cycle
O @)

Evaporation

The Hydrologic Cycle

Precipitation

Return Period (T) = 1/Probability (P)

Example: 100 year event = 1/100 or .01 or 1%
chance of occurring in any given year
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2-year 24 hour rainfall (inches) 10-year 24 hour rainfall (inches)

Precipitation .Ral.nf al.l -
O Distribution

4 Storm duration (units of time)
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¢ Storm depth (units of length)
¢ Storm intensity (I) = depth(d) / time(t)

¢ Distribution




Flow
Rate

Increased Volume|

Blue = Post-Devel opment — conventional
stormwater mgt

Conventional SWM still releases an Increased Volume
of runoff. It isdetained and released at a slower rate,
but for aL onger Duration.

B e vy

\ % “Low Impact Development”
‘\@‘» Increased or Runoff Reduction

\% Volume Practi ces

Rainfall Distribution Hydrographs
O O
T T =2 o) Q (p‘jf‘) Peak discharge
= 7 ©
8 1 o
£ B
s <
2 3
‘; 0.5 / D
5 y
£ TIME
BT R R R T T Graphical representation of discharge over
ﬁDEL} Time (hours) p DH:2 time
. Green = Pre-development
Increased Duration o
Red = Post-Development —no BMPs Synthenc Hydr‘)graph

C )

Modeled from watershed parameters
and storm characteristics:

Rational Method

Modified Rational

NRCS - TR 55 Peak Discharge or Tabular
Unit Hydrograph
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’_\Iu TABLE 5-1
é RUNOFF CALCULATION METHODS: SELECTION CRITERIA
=
2
H Caleulation Methods®
et
%
v 1 Rational Method
=3 2 Peak Discharge Method
TRSS Bei-s b s RArSmel 3. Tabular Method (TR-55)
Bhadpi e nimne <R I Pemk JomeatiTic 4. Unit Hydrograph Method
For Peup St DoraTiod (AT TimEs
O Aeres up. Rlar | USsED For Mpes 7 cH=ancls
[Cosrser w ATVl ©») =
"..‘! Srmller \eBdecsreos Appropriate
« Heopm e p ReTreunl Output Requirements Drainage Area Calculation
o Crikveal. STorm DuraTiod Methods
> For Hax. Fano Velume
e TR TN R na Peak Discharge only up to 200 acres 1,2, 3,4
L up to 2000 acres 2,3, 4
up to 20 sq. mi. 3, 4
l Peak Discharge and up to 2000 acres 2,3, 4
Total Runoff Volume up to 20 sq. mi. 3,4
Runoff Hydrograph up to 20 sq. mi. 3, 4
* The Rational, Graphical Peak Discharge and Tabular methods of runoff
JERETE, TRIR ANERTR] determination are described in this chapter. The Unit Hydrograph method is
Wi Drorz | PSR | T { ] described in the SCS MNational Engineering Hi Section 4, Hydrology.
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UNIT IX -
TIME OF CONCENTRATION

Time of Concentration (Tc)

. Time of concentration (Tc¢) is the time it takes
for runoff to flow along a path from the most
hydraulically distant point in the watershed
to the analysis point (slowest path)

- One of the principal inputs for calculating
peak runoff from a watershed

MHGILA, DEPARTMENT OF Q
VERRMENTAL QUALITY

Time of Co©centration

- Flow path consists o
Overland Flow

- Shallow Concentrated Flow
- Channel Flow

. The travel time (Tt) for each type of flow is
measured or calculated

. The time of concentration (7¢) is the sum of
the travel times (Tt) for each type of flow

VIHCIMA, IEPARTMENT OF 2
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hree types of flow:

Time of Concentration
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Time of Concentration
Overland Flow

. Shallow sheet flow occurring in the upper
reaches of a watershed

- Maximum length of flow up to 300 feet (some
prefer 200 feet — will vary based on
watershed characteristics)

. Calculating overland flow travel time is the
most crucial for small watersheds-usually
largest time component of calculation.
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Time of Concentration Methods for
Computing O@Serland Flow

- Seelye Method
. Kinematic Wave Method
. NRCS Technical Release 55 (TR-55) Method

MHGILA, DEPARTMENT OF Q
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Overland Flow: Seelye Method

O

» Seelye Chart, Plate 5-1, VESCH page V-11
» Simplest method - commonly used for small
developments
o Step1: Find flow LENGTH on the first axis
Step 2: Find CHARACTER OF GROUND on the second axis
o Step 3: Draw a straight line between the points identified in Steps 1
and 2 and extend line to the PIVOT LINE
o Step 4: Find PERCENT SLOPE on fourth axis
Step 5: Draw straight line connecting point where first line crosses
PIVOT LINE through the PERCENT SLOPE and extend to the fifth
axis
Step 6: Read INLET CONCENTRATION TIME where second line
meets the fifth axis

Example: I {1
200 ft flow path

*Average Grass
Surface (“C” value | W
0.32) T

*4% dlope

7

1 ﬁ i
§2 48 i
{ nﬂsamui

Answer:

Tt = 15 minutes

OVERLAND FLOW TIME

e X st Oy




Overland Flow: Kinematic Wave

Me@wd

» Allows for input of rainfall intensity values,
providing overland flow travel time for a
selected design storm

* Requires a “trial and error” approach, as the
equation includes two unknown variables:
rainfall intensity (i) and travel time (7t)

VIHCIMA, IEPARTMENT OF 2
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Overland Flow: Kinematic Wave
Me@tod

LO.6 x n0.6

Tt = 0.93x
’ 0.4 0.3
17" x S
L = length of overland flow (feet)
n = Manning’s roughness coefficient (Table 5-7)
i = rainfall intensity (inches/hour) (Plates 5-4 to 5-18)
S = slope (feet/feet)

MHGILA, DEPARTMENT OF Q
VERRMENTAL QUALITY

TABLE 5.7
ROUGHNESS
(MANNING'S *n") FOR SHEET FLOW
Surface Description at
Smoath surfaces {concrese, asphale, grave, or bare soil) ... ..., 8011

! The " valued are a compasite of infarmstion compiled by Engman (1986).

? Ineludes species such ax weeping Iovegrass, hluegrass, buffaln grass, blue
gramn grass, and native grass mixiires.

3 When selecting n, consiiles cover 0 o height of bost (1) 1. This'is the
anly part of the plant cover that will ohstruct sheet flow.

I vsonses

Overland Flow: NRCS TR-55 Method

O
(nL)O.S

0.5
2

Tt =0.007 x

0.4
XS

L = length of overland flow (feet)

n = Manning’s roughness coefficient (Table 5-7)

P, = 2 year, 24-hour rainfall in inches (Plate 5-19, page
V-49)

s = slope (feet/feet)

MHGILA, DEPARTMENT OF
VERRMENTAL QUALITY




RAINFALL DEPTHS FOR SELECTED DESIGN STORMS

2-YEAR  24-HOUR RAINFALL (INCHES)

Shallow Concentrated Flow: NRCS TR-
55 Method
O

- Occurs where overland flow converges to
form small rills, gullies, and swales

- Flow length o to 1000 feet maximum

- Refer to Plate 5-2 (page V-12) or Plate 5-23
(page V-53) to determine average velocity

MHGILA, DEPARTMENT OF Q
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Shallow Concentrated Flow: NRCS TR-
55 Method

L

Tt=| ——
V xt

- L = flow length (feet)
. V = average velocity (feet/second)

. t = conversion factor (60 to convert to minutes,
3600 to convert to hours)
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AVERAGE VELOCTTIES FOR ESTIMATING TRAVEL TIME
FR SHALLIW CONCENTRATED FLOW

Example:

*1% slope (0.01 ft/ft)
*Unpaved

L ength = 200 ft

Answer:
*V = 1.6 ft/second

+Tt = 200/(1.6 x 60) = |
2.1 minutes Stepl

Witersssree dope (LA

I
I 111

Avetage velcily (1w )




Channel Flow

. Occurs where concentrated flow occurs in
channels with well-defined cross-section
(streams, ditches, gutters, pipes, etc.)

- Use velocity from Manning’s equation for
open channel flow

VIHCIMA, IEPARTMENT OF 2
NVEORMENTAL QUALITY

Channel Flow
Manning’s Equation

L

V xt

» L =channel flow length (feet)

« V =average velocity from Manning'sequation (feet/second)

» t=conversion factor (use 60 to convert to minutes, 3600 to
convert to hours)

Time of Concentration

- Sum overland flow travel time, shallow
concentrated flow travel time, and channel
flow travel time to the design point:

Tc=) Tt

VIHCIMA, IEPARTMENT OF 2
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Stormwater Management

O

o Works hand in hand with Erosion and
Sediment Control

o Addresses Water Quantity and Water
Quality
o MS-19
o Local Ordinances
o State Programs
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Hydrology

O

* While MS-19 and the VSMP regulations
supplement and/or replaces each other, hydrology
remains an important item for planning and things
like ditch calculations

« This class focuses on methods for calculating flow
velocity and discharge
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Hydrology
Look at:
© Hydrologic/Water Cycle
© Precipitation

© Runoff




Hydrologic Cycle Hydrologic Cycle
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Evaporation

The Hydrologic Cycle

Precipitation

Return Period (T) = 1/Probability (P)

Example: 100 year event = 1/100 or .01 or 1%
chance of occurring in any given year

MIRCIMA, DIEPARTME : 2
ESVERIRMENTAL

T OF
QALY




2-year 24 hour rainfall (inches) 10-year 24 hour rainfall (inches)

Precipitation .Ral.nf al.l -
O Distribution

4 Storm duration (units of time)
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¢ Storm depth (units of length)
¢ Storm intensity (I) = depth(d) / time(t)

¢ Distribution




Flow
Rate

Increased Volume|

Blue = Post-Devel opment — conventional
stormwater mgt

Conventional SWM still releases an Increased Volume
of runoff. It isdetained and released at a slower rate,
but for aL onger Duration.
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Rainfall Distribution Hydrographs
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Modeled from watershed parameters
and storm characteristics:

Rational Method

Modified Rational

NRCS - TR 55 Peak Discharge or Tabular
Unit Hydrograph
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’_\Iu TABLE 5-1
é RUNOFF CALCULATION METHODS: SELECTION CRITERIA
=
2
H Caleulation Methods®
et
%
v 1 Rational Method
=3 2 Peak Discharge Method
TRSS Bei-s b s RArSmel 3. Tabular Method (TR-55)
Bhadpi e nimne <R I Pemk JomeatiTic 4. Unit Hydrograph Method
For Peup St DoraTiod (AT TimEs
O Aeres up. Rlar | USsED For Mpes 7 cH=ancls
[Cosrser w ATVl ©») =
"..‘! Srmller \eBdecsreos Appropriate
« Heopm e p ReTreunl Output Requirements Drainage Area Calculation
o Crikveal. STorm DuraTiod Methods
> For Hax. Fano Velume
e TR TN R na Peak Discharge only up to 200 acres 1,2, 3,4
L up to 2000 acres 2,3, 4
up to 20 sq. mi. 3, 4
l Peak Discharge and up to 2000 acres 2,3, 4
Total Runoff Volume up to 20 sq. mi. 3,4
Runoff Hydrograph up to 20 sq. mi. 3, 4
* The Rational, Graphical Peak Discharge and Tabular methods of runoff
JERETE, TRIR ANERTR] determination are described in this chapter. The Unit Hydrograph method is
Wi Drorz | PSR | T { ] described in the SCS MNational Engineering Hi Section 4, Hydrology.
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UNIT X —
RATIONAL METHOD

Rational Method

O

* Method used to calculate peak discharge
from a drainage area

» Most accurate when used on small,
impervious, and homogenous watersheds
(<200 acres)

* Assumes that a rainfall duration equal to
the Time of Concentration (Tc¢) results in
the greatest peak discharge

Rational Method

Q = peak discharge/rate of runoff (cfs)

C = runoff coefficient

i = average rainfall intensity (inches/hour)
A = drainage area (acres)

Rational Method: Runoff
Coefficient (C)
O

¢ Number relating the amount of runoff to the
amount of rainfall (Table 5-2, page V-29)

¢ As the imperviousness of a drainage area
increases, the value of C increases

» A Cvalue of 1.0 would represent a complete
runoff of all rainfall




TABLE 52
VALUES OF RUNOFF OOEFFICIENT (C) FOR RATIONAL FORMULA

Land Use T L Une

Rational Method: Weighted Runoff

Coe%cient
O

 If a drainage area has multiple land uses
with different C values, then a weighted C
value can be calculated

» Example: A 10.0 acre drainage area with 2
different land uses: 2 acres of parking lot
(C = 0.95) and 8 acres of park (C = 0.25)

MHGIRLA, DEPARTMENT Q

aF
[ENVERIRENTAL QRALITY.

Rational Method: Weighted Runoff

Coejgcient
7\
.

» Calculate a CA value for each land use:
C,xA =0.95x2=1.9
C,xA,=0.25x8 =2.0

¢ Add the CA values together and divide the
sum by the total area:
(1.9 + 2.0)/10 = 3.9/10 = 0.39 = weighted C value

VIHCIMA, IEPARTMENT OF Q

[ENVERRMENTAL LLUALITY

Rational Method: Average
Rainfall Intensity (1)

* In the Rational Method, the storm duration is
assumed to be equal to the Time of Concentration
(Te)

 Select the proper Intensity-Duration-Frequency
(IDF) curve from Plates 5-4 to 5-18, VESCH, pages
V-14 to V-28

Step 1: Start with storm duration = Tc (minutes)
Step 2: Read up until you cross the storm frequency
curve (2-year, 10-year, etc.)

Step 3: Read to the left and determine intensity
(in/hr)

VG DEPAATVENT OF
[ENVERIRENTAL QRALITY.




Example:

* Roanoke

County

e Tec =20

minutes

¢ 10-year storm

frequency

Answer:

ei=4.1in/hr

Q

MHGILA, DEPARTMENT OF Q
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Rat‘iona(l>> Method
Q=CiA
0.39x4.1x10
15.99cfs

Rational Method: Assumptions and
Limi@ﬁons

- Frequency of rainfall and runoff events
similar

- Rainfall occurs at uniform intensity for a
duration equal to Tc and over the entire area
of a watershed.

- More accurate as imperviousness increases
- Less accurate as size of watershed increases
- Not suitable for basin design

VIHCIMA, IEPARTMENT OF 2
NVEORMENTAL (UALITY




TR-55

GRAPHICAL PEAK DISCHARGE
METHOD

. Information you will need -

Rainfall distribution (i.e., Type I, IA, Il or IIl)
Rainfall amount (P), in inches

Weighted runoff curve number (CN)

Initial abstraction (1,)

Ratio of |,/P

Total runoff (Q), in inches

Time of concentration (t,), in hours
Drainage area, in square miles (A,)

9/23/2013

. y
///

/,

Rainfall, P (in) '

y &

Vm "4 Runoff rate, g, (cfs)

s -4

Unit Peak Discharge, d, Runoff Curve Number, CN
(cfs/mi?/in)
y A "
1 Runoff, Q (in)

1 Initial Abstraction, I, (in) Potential Maximum Retention, S (in)

Peak Discharge Equation -

0y = 9. ARQF,

= peak discharge (cfs)
= unit peak discharge (cfs/mi2-in; csm/in)
= drainage area (mi?)
= runoff (in)
= pond and swamp adjustment factor
An example calculation is given starting on page V-31
of the DCR VESCH
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Flowchart of computation activities - Typical worksheet -

Determine 24-hour
rainfall (P) for
desired design storm

i Use CN with table to
Calculate weighted Ul (Ll
CN for site determine initial

abstraction (1,) / — : — This, other worksheets and instructions
can be found in the TR55 manual, which
can be obtained on the Internet at

T It can also be found on page V-48 of the
Use t. and /P to Determine time of . : = DCR VESCH.
find qcu from chart concentration (t;) e [P eie ' [ —
A Windows computer program that
performs TR55 calculations can be
obtained at

Combine all the
above factors and
calculate peak
discharge (q,)

Determine pond and
Calct:ﬁ&e{g;ected swamp adjustment
factor (Fy)

Step 1: Determine rainfall - Step 2: Calculate weighted CN -

Several ways

NOAA Atas 14 | b ; Need to know the Hydrologic Soil Group (HSG)
o .51 o VBRSO - - ==l for each of the soils at the site as well as the

Tabular listing in A\ dix 4B of the DCR . h .| .
SN = B 5 I area of each soil type.

b N E— Get soils information from:

Site drawings or E&S report
NRCS Web Soil Survey

(

Appendix 6C of the DCR VESCH

Appendix 4A of the DCR Stormwater Manual

Part of VESCH Plate Part of Appendix 4B
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Step 2: Continued ... Step 2: Concluded

TANLE 557

LOOk Up CN numbers FOR GRAPHICAL PEAK DISCHARGE METHOD f CalCUlate Welghted
. cover e = average CN for site

for the areas of the site :

\ Py s Ut Example worksheet given

in Table 5-5 (pages 5- . :  onpage V-46 of the

56 through 5-59 of : - VESCH

VESCH) or in TR55 :

Manual.

P gt | e[
2

Step 3: Determine Initial Abstraction - Step 4: Compute | /P ratio -

TABLE £9

1, VALUES FOR RUNOFF CURVE NUMBERS

Relatively straightforward step

Simply divide the |, value obtained from Table 5-
9in Step 3 by the P value obtained in Step 1.

Curv Cu

Look up I, values in ] :
orier | ne | vunber | ndhes | umber
Table 5-9 on page V- gy o

287 61 1239
64 of the DCR VESCH e =
2651 1175
2545 1128
2444 LT
234 1030
2255 s
2167 0541
2082 (]
2000 0857
192 o817
[ T
L7 n L)
1704 70
1636 0667
1571 7t 0632

B

HE S HEEEEE

(s |5

1509 053
[ st
1350 05




Step 5: Determine
Time of Concentration (tc) -

Example worksheet
on page V-42 of

Woskahent 3 Tine of ssentention (T oe travl time )

Dxftence wEE e zem
[

Step 7: Determine expected runoff -

Two methods:
Use CN value to find
expected runoff from
Table 5-6 on page V-60
of VESCH
Calculate runoff using
NRCS TR55 equation:

TABLE 54
RUNGFF DEFTH FOR SELECTED CN's ANT RAINFALL AMOUNTS!

Bumall degth for curve aumber of

i

2EIITEEEEEECRERE

HEAEREEERCerrupnusnnnd(| &

,‘hlmrmm the valuzs shown 10 ohisin runalf depths for CN's or rainfall amoums no!
o,

Use |/P ratio calculated in
Step 4 and t, value found
in Step 5 to find g, on
chart provided as Plate 5-
25 on page V-55 of DCR
VESCH

Factor not always needed
Needed if ponds and/or
swamps are scattered
throughout the watershed, but
not on the path used to
determine t,

Determine percentage of the
drainage area represented by
swamps and/or ponds

Look up F in Table 5-10 on
page V-65 of VESCH

9/23/2013

Step 6: Find g, on chart -

| RAINFALL BISTRIBUTION

Step 8: Pond & Swamp Adjustment -

TABLE 510
ADJUSTMENT FACTOR (Fy) FOR POND
AND SWAMP AREAS SPREAD
THROUGHOUT THE WATERSHED
Percentage of pond
-and swamp areas E

1.00
097
087
075
072




Step 9: Complete calculation

Now that all the background variable values
have been determined, use the peak discharge
equation to calculate the peak discharge

qp = quAmQFp
q, from Step 6
A, from site information provided with plans
Q from Step 7
F, from Step 8

9/23/2013

Limitations

Peak discharge method — no hydrograph generated,
cannot be used for routing (basin design)

Only one main stream in watershed. Can be applied to
multiple stream branches with nearly equal t,
Watershed must be hydrologically homogeneous
(uniform distribution of land use, soils, and cover) —
represented by one CN







Stormwater Conveyance Channel-3.17

Reviewing Channel Design

O

* Top width of parabolic and v-shaped channels not
to exceed 30’

* Bottom width of trapezoid and grass lined not to
exceed 15’

* Outlet protection

» Grass lined channels stabilized by the permanent
seeding and/or sodding specification

* Bermudagrass sprigging irrigate for 4 weeks
+ Erosion netting
» Riprap use Std & Specs

MHGINLA, DEPARTMENT OF Q
VERMENTAL QUALITY

STONE —LINED WATERWAYS

W-SIAPED WATERWAY WITH STONE CENTER DRAIN
HOTE: & GRANULAR FILTER MAY BE SUBSTITUTED POR FITER CLOTH

FILTER CLOTH

DEQ PARABOLIC WATERWAY WITH STONE CENTER DRAIN
MOTE A GRANULAR FILTER MAY BE SUBSTITUTED FOR FILTER CLOTH

VIHCINA, IEPARTMENT OF

NVEORMENTAL (UALITY

Concrete lined channels

O

* Must have moist
subgrade

» Transverse joints
at 20’ intervals

* Expansion joints
every 100’

MHGINLA, DEPARTMENT OF Q
VERIRMENTAL QUALITY




Open Channel Flow: MS - 19 - Adequate
Channel
O

- One-percent rule
. Man-made
o Capacity - 10-year discharge
Stability - 2-year discharge
. Natural
Capacity - 2-year discharge
o Stability - 2-year discharge
- Storm Sewer Systems - Capacity for 10-year
storm
. Natural Channel Design ... Man-Made=» Natural

VIHCINA, IEPARTMENT OF 2
NVEORMENTAL QUALITY

Channel Analysis: MS - 19

Channel capacity

o Based on channel geometry

and lining (roughness)

o Compare to drainage area and

design storm

MHGINLA, DEPARTMENT OF Q
VERMENTAL QUALITY

Channel Analy@sis: MS - 19

Channel lining

- Permissible velocity of lining compared to velocity
of design storm

- Permissible velocitiesin Table 5-14 (V — 120) or in
manufacturer’sspecifications

Channel Slope Lining Velocity*
(fL.fsec.)
Bermudagrass 3
Reed canarygrass
Tall fescue
Kentucky bluegrass 5
0-5% Grass-legume mixture 4
Red fescue
Redtop

Serices lespedeza
Annual lespedeza

Small grains
Temporary vegetation 25
Bermudagrass 5
Reed canarygrass
Tall fescue
5-1
0% Kentucky bluggrass 4

Grass-legume mixture 3
Bermudagrass 4

Greater than 109 Reed canarygrass
Tall fescue
K Xy bl 3

- * For highly erodible soils, decrease permissible velocities by 25%. _




Manning’s Equation

O

V = velocity (fps)
n = Manning’s roughness coefficient (dimensionless)
R = hydraulic radius (A/P)
A= wetted cross sectional area
P=wetted perimeter(ft)
s = slope (in ft/ft - NOT percent slope)

VIHCINA, IEPARTMENT OF 2
NVEORMENTAL QUALITY

Hydraulic radius

O

2

A=2x3=6

P=3+2+3=8

R=A/P=6/8=0.75 1
A=1x6=6
P=6+1+6=13

R=A/P=6/13=0.46

MHGINLA, DEPARTMENT OF Q
VERMENTAL QUALITY

Open Channel Flow: Roughness
Coefficients -6[anning’s m)

Concrete Pipe .012t0.016
Earthen Ditch .017 to .025
Canal w/ stone bed

& weeds on bank 02510 .04
E_arth bottom & rubble 02810 035
sides

Table 5-8 (p. V-62)

VIHCINA, IEPARTMENT OF 2
NVEORMENTAL (UALITY

TABLE 54
“n* VALUES
o e
Surtace Best | Good | Faie | Bag
Uneosted cast-irao pipe ooz (o0 |00 | oois
Costed east-iran pipe oot | oo’ | oons”
Commescial wrought-iron pipe, black a0z a3 0.014 0015
Commereial wrought-iron pips, o3 (oo (o015 | ooy
| Rivetod and spira e pipe anis oo’ oo
SISOL sy St M Boti|oowr’ |osw’ |oot |
Neat cement surfaces aow [oon |om: |oms
Cement mostar surfices oon |omz oo |oos
Comereds pipe oo oo | oo’ | oo
Conerere-lined channels 0012 |ooe” | oole’ | ool
Ceament-rubble surfee ao7 |ooo ooz |oeso
Dry-tubbile surface oms |00 | oo |ooss
Canals arul ditches-
‘Earth, siraight and uniform aoi7 | oo | oot | ooy
Hock culs, smoath mlm 000 |oos | oess
Rock cats, and 048
ﬂm e o025 |ons” | oos | ooso
Drédged earth chanseli s |00 | o0 | o0es
Canals with rough seoay beds, ) s
weeds an s | 00w | oo | oo
Earth boteom, rabbile sdes oozk | oo’ | 03y nm__l
| e —
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Open Channel Flow
@)

Section “Aréa Wetted Hydraulic Top
a Perimeter Radius Width
P R=aP T
bd+ |b+ bd+zd®  [b+
zd? 2d(Z+1)*? 2zd
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MHGINLA, DEPARTMENT OF _
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oQ=
oV =
0A =

cfs =

Continuity Equation

O
Q=V*A

discharge (cfs)
velocity (from Manning’s, fps)
Cross sectional area (ft2)

fps * ft2

VIHCINA, IEPARTMENT OF 2
NVEORMENTAL (UALITY

Open Channel Flow

O
Manning Equation
V = (1.49/n) *(R 2/3)*(S /2)
Continuity Equation
Q=V*A

by substitution,
Discharge Equation:
Q=(1.49/n) *S/2*R2/3"A

MHGINLA, DEPARTMENT OF Q
VERIRMENTAL QUALITY




VIHGINIA DEPARTMENT OF 2

ENVIRONMENTAL QUAL] 1Y

@

Unit X111

Minimum Standard 19 (a
Summary)

Erosion and Sediment Control For Plan
Reviewers

Consisted of:
« Areview of the structures(Day 1)
« Plan review for stormwater (Day 2)

But in essencethey all related to M S-19

MHGILA, DEPARTMENT OF Q
VR IALTY

NTAL

MS-19
O

“Properties and receiving waterways
downstream of any land development project
shall be protected from sediment deposition,
erosion, and damage due to increasesin
volume, velocity, and peak flow rate of
stormwater runoff . .. "

VIHCIMA, IEPARTMENT OF 2
VR ALY

AL

STORMWATER MANAGEMENT




Streams are in equilibrium with their
watershed

- Greater imperviousness = greater runoff

- Issue: How will the change in the drainage
area affect a given channel?

VIHCIMA, IEPARTMENT OF 2
NVEORMENTAL (UALITY




4VAC50-30-40.19.a :
O

Concentrated stormwater runoff leaving
a development site shall be discharged
directly into an adequate natural or
man-made receiving channel, pipe or
storm sewer system.

A T
AT

’ y

MHGILA, DEPARTMENT OF Q
VR IALTY

NTAL

4VAC50-30-40.19.

O

a. For those siteswhererunoff is
discharged into a pipe or pipe system (or
any man-made conveyance), downstream
stability analyses at the outfall of the
pipe or pipe system shall be performed.

MHGILA, DEPARTMENT OF Q
VR IALTY

NTAL




4VAC50-30-40.19.

O

b. Adequacy of all channelsand pipes shall be verified
in thefollowing manner:

(D] 1% Rule; or

2 (a Natural channels: 2-year storm will not
overtop channel banksnor cause erosion
of channel bed or banks; and

MHGILA, DEPARTMENT OF Q

[ENVERIRENTAL QRALITY.

4VAC50-30-40.19. (cont.) :

O

(b) Man-madechannels: 10-year storm will not
overtop banks and 2-year storm will not cause
erosion of channel bed or banks; and

(c) Pipesand storm sewer systems: 10-year will be
contained within the pipe or system.

MHGILA, DEPARTMENT OF Q

[ENVERIRENTAL QRALITY.




Stream Restoration and Relocation Projects
(11/21/2012)

! Those that use natural channel design are not man-made
channels and are exempt from any flow rate capacity and
velocity requirements for natural or man-made channels:

TYPICAL RIFFLE AND POOL DESIGN

2 egrintrs Cymes ar ane Bk

Channel Analystis:

O

« Channel geometry - three cross sections 50’
apart from discharge point.

« Channel lining
. Channel slope

- Energy slope - hydraulic grade line
calculation of the existing or proposed pipe
system

MHGILA, DEPARTMENT OF Q
VERRMENTAL QUALITY




Channel Analysis (cont.):
O

Applicant should investigate the channel to
verify that the cross sections provided are
an accurate depiction of the channel and
that there are no significant restrictions
downstream.

VIHCIMA, IEPARTMENT OF 2
NVEORMENTAL QUALITY

Adequate channel?

O

Velocity (rational Method)
Volume (graphical Peak Discharge)
Duration (Time of Concentration)

Frequency

Note: this needs to be checked for onsite channels as well

MHGILA, DEPARTMENT OF Q
VERRMENTAL QUALITY

Urban Stream Problems

O

- Subjective analysis of natural channels

- Impervious surfaces result in increased
V(fg flllme, velocity, frequency, and peak rates
of flow.

- Detention practices address velocity and
peak rates of flow, but do not address
volume, frequency, and duration.

MHGILA, DEPARTMENT OF Q
VERRMENTAL QUALITY




Inadequate channels

4VAC50-30-40.19.c. :

“If existing natural receiving channelsor previously
constructed man-made channelsor pipes are not
adequate, the applicant shall:

VIHCIMA, IEPARTMENT OF 2
NVEORMENTAL QUALITY

4VAC50-30-40.19.c. (cont.) :
@

(1) Improvethechannel to a condition wherea 10-
year storm will not overtop the banks and a 2-year
storm will not cause erosion to the channel bed or
banks;

MHGILA, DEPARTMENT OF Q
VERRMENTAL QUALITY




2

4VAC50-30-40.19.c. (cont.) :

O

Improve the pipeor pipesystem toa

condition where the 10-year storm is
contained within the appurtenances;

VIHCIMA, IEPARTMENT OF 2
NVEORMENTAL (UALITY

4VAC50-30-40.19.c. (cont.) :
O

(3) Develop a site design that will not cause
the pre-development peak runoff ratefrom a
two-year storm (natural receiving channel)
or aten-year storm (manmade) to increase.

MHGILA, DEPARTMENT OF Q
VERRMENTAL QUALITY




* Utilize existing vegetation & topogr

“ Bettér Site DeSI gnﬁ * Limit and disconnect impervious surfac‘es-}
» Encourage infiltration where appropri atef

“L imited Impact Design”




4VAC50-30-40.19.c. (cont.) :

O

(4) Provide a combination of channel
improvement, stormwater detention or
other measures which is satisfactory to the
plan-approving authority to prevent
downstream erosion.

VIHCIMA, IEPARTMENT OF 2
VR ALY

AL

SWM Regulations 4VAC3-20-81.:
“Downstream properties shall be protected . . .”
Compliancewith M S-19
1-year extended detention
L ocalitiesmay adopt more stringent criteria

VIHCIMA, IEPARTMENT OF 2
VR ALY

AL

2011 Stormwater Regulations

O
Qpost X RV pog < LF. X (Q1e X RV

Where
— Qpre =Pre-development peak flow rate (cfs)
— RV, = Pre-development runoff volume (in.)
— Qpost = Post-development peak flow rate (cfs)
— RV, = Post development runoff volume (in.)
— L.F. = Improvement factor (0.8 for sites>1 acre, 0.9 for
sites < 1 acre

MHGILA, DEPARTMENT OF Q
VR IALTY

NTAL

)
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MS-19 (11/21/2012)

O

(L) For projects approved before July 1, 2014, if you
can meet the energy balance equation in the
stormwater regulations you satisfy MS-19

(m.) Projects approved after July 1, 2014, must
comply with the Virginia Stormwater
Management Act including the Grandfathering
provisions

(n.) Meeting the requirements of the Virginia
Stormwater Management Act satisfies MS-19.

VIHCIMA, IEPARTMENT OF 2
NVEORMENTAL QUALITY
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