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EXAMPLE 6.1
INTRODUCTION

Example6.1 (referred to asExample 1 in Chapter 5devel opsthe hydrology of a25-acrewatershed
drained by two distinct channels. A study point isestablished at the confluence of these channels. The
proposed development disturbs 11.9 acres.

Severa designelementsareillustrated in thisproblem. Example6.1A uses SCSTR-55 methodology
for determining the peak discharge from the watershed. It aso shows the impact of the time of
concentration, t , on the peak discharge.

Example 6.1B uses the Rational Method* for determining the peak discharge from the same
watershed described in 6.1A.

Example 6.1C uses the SCS Tabular Method and divides the watershed into sub-watersheds. The
watershed analyzed in this example is simple, but it serves to illustrate the conditions where a
development may be large enough or diverse enough to warrant the use of sub-watersheds.

Example 6.1D usesthe Rational Method to determine the peak discharge from the sub-watersheds
described in 6.1C.

* Note that the 25-acre drainage area exceeds the Rational Method’ s recommended limit of 20
acres, but the method is still used in this example for comparison purposes.

6.1-1
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EXAMPLE 6.1A

Example 6.1A uses SCS TR-55 for the hydrologic analysis of the 25-acre watershed, which is
considered homogeneous. The critical design decision isthe selection of the post-devel oped time of
concentration, t., flow path. Typicaly, the pre-devel oped condition t, flow path isthe path from the
most hydrol ogically distant point. The post-devel oped condition flow path, however, should represent
the peak discharge. Notethat if the watershed has more than one flow path, the longest one may not
be the most representative of the watershed’s peak. Therefore, engineering judgement may be
required to select the appropriate path. This example highlights the effect that the t. flow path can
have on the peak discharge.

Given:

A 25-acre watershed consisting of woods and agricultural lands. Two channels drain the 25 acresto
the study point. The study point is at the confluence of these two channels. The proposed
development disturbs 11.9 acres. Refer to Figure 6-1 for aschematic drawing of the pre- and post-
developed condition watershed.

Find:

The pre- and post-devel oped peak discharges from the watershed using SCS methods. The pre-
developed t, flow path should be the flow path from the most hydrologically distant point to the
watershed study point. The selected post-developed t. flow path should be the path that is most
representative of the proposed devel opment and the associated increase in peak discharge.

Solution:

Pre- and post-developed peak discharges for the watershed, as shown in Figure 6-1, can be
calculated using the SCS TR-55 Graphical Peak Discharge Method or the Tabular Peak Discharge
Method. For this example, the watershed is considered homogeneous, so the Graphical Peak
Discharge Method will be used. The effect of the selected t, flow path on the peak discharge is
summarized in Table 6-1. TR-55 worksheets are included at the end of this example.
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FIGURE 6.1 - 1a,b
Example 1 - 25-Acre Watershed Pre- and Post-devel oped Condition
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FIGURE 6.1-1c
Example 1 - 25-Acre Watershed Post-developed Condition - Most Representative t, Flow Path
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TABLEG6.1-1
Hydrologic Summary - Full Watershed, Example 6.1A
TR-55 Graphical Peak Discharge Method

Condition Remarks

Pre-developed . Longest t, path (a)

Post-devel oped . Longest t, path (b)
Post-devel oped

By using the flow path that best represents the developed area, a significant increase in the design
peak discharge occurs. To prove that this higher discharge is more accurate, the watershed can be
divided into two sub-watersheds that are analyzed independently using the Tabular Peak Discharge
Method (which allows for analysis of heterogeneous sub-watersheds). The discharge hydrographs
from each sub-watershed are then added at the watershed study point. See Example 1.6C for this
solution.
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Worksheet 2: Runoff curve number and runoff
Project _ ExApPLE ol A By TSB bate 5 -Slo
Locaticon Checked Dace
Circle one: Developed W B .
1. Runoff curve number (CN)
S5o0ll name Cover description Area Product
and CH’JJ of
hydrolegic {cover type, treatment, and CF ] - i CN x area
group hydrologilc condition; ™~ i i ﬂacges
percent impervious; o e S0 mi -
unconnected/connected lmpervious = A a|O%
(appendix A) area ratio) LB B o
Weoods — qood conditian 55 12,75 | 75125
W oods- good condi Fion = 0,0 200
Agricultuve - SR + R
B d Gecd Carslibian 3 1S | Alk3.1S
pY Ugse only one CN source per line. Tatals = 25.G | 15906.0
cocal product VS8 5 -
N h = - 1
CN (weighted) = e pr 5= (3.l . Use CM =
2. BRunoff
Storm #1 Storm #2 Storm §3
Ffequem::.r . e EAeErEs R Ly ¥r Z L0
Rainfall, P (26-hour) eeeesececsees el 3.5 s.S
BUNOEE, § vevssnsnssnscorennss cerssasess im o6 [T I
(Use P and CN with cable 2-1, Eig. 2-1,

or eqs. 2-3 and 2=4,)}

6.1-6
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Worksheet 3: Time of concentration (T,) or travel time (Ty)

Project £ #MAMPLE (.| A By T-EIE- bate = —Sis
Locacion Checked _ Date

Circle one: EPresent® Develaped E.M [EE Ei G !h[éir:cibgd
Circle one: @ Tt chrough subarea - o -

ROTES: Space for as many as two segments per flow type can be used for esach

worksheec.

Include a map, schematie, or desecriprion of flow segments.

Sheec flow (Applicable to ‘l': only) Sagment ID A 'E
weoeads
l. Surface desecriprion f(rable 3-1} cicececscsss Lie it
2. HMannlng s roughness coeff., n (table 3-1}) .. o440
3. Flow lengrth, L (eotal L < 300 fE) ccccacauna fc 306
4. Twe—yr l4—hr rainfall, Py vasssmencnnnancnan in 3.5
5. ‘Land alope, 3 csavssnienssssssnssremtonssrmss LESIE ':"15.
0.8
e s o o 7o e (018 [F[-[o75 ]
P, - e :
Shallow concentrated flow . Segment ID BC
7. Surface description (paved or unpaved) ..::a U!"IPGNE'.I'-JI
B, Flow leageh, L ccorererrrssasammissasanntnds fr [yl
9. UArArSaurSs SlaPe, B ccccssmcsscsisssssssass fr/fe OO S
10. Average velocity, V (figure 3=1) sssssssassas ELESS 3.4
NS ciualﬂrl -!0.05]
1. T, 3600 ¥ Canpute Tt RSP hr
Channel flow Segment ID [ el ] ;.
R e e
12. Cross sectional flow areda, A& +sssssssssssssa t'1:2 3.0 —
13. Wetted perimeter, Py #s=sssscsasssssssncnnas £t S.0 '|.5I
l4. Hydraulle radius, © = p—a Coanpule F cecsnas fe O. (e
15, cCheannel 3lope, 3 cescassccsasssssssssunsnssa TESEE CAS = 23
16, HManning's roughness coeff., A ccocncanncnnn )= -
F 23 _1/2
17. ¥ -1"‘9+ Compute V .e..... Et/s 4.7
18, Flow 1““51;11. L seasssssssssesrsransssassasnese ft 1100
- L— I + I =y .
19. T, = 35557 Compute T, ...... he |[OO71 ; 0. 07
20. Watershed or subacea Tt ar Tl'_ {add T: in steps &, 1l, and 1%} ...se2a hr D%"'
(210-VI-TR-55, Second Ed., June 1988) -3
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Workshest 4: Graphical Peak Discharpe method

Project EXANMFLE (e A By T9B Date S-Ff
Location - Chacked Date
Circle one: Developed EMTIRE 25 acve weterghed
l. Data:
& Gj 2
Drainage area .......... A& = .03 mi“ (acres/640)
Runcff curve number ,... CH = @4 {From worksheet 1)
Time of concentration .. ‘I.': = _ B I hr (From worksheet 3)

Rainfall distribution type = 3 (I, Ia, LI, 11D

Pond and swamp areas spread 3
throughout watershed ...... = — percent of A.m [ acres of mi” covered)

Storm 1 Storm #2 Storm #3

2 FraquUEnDY sedessssssiasnmiiaadssennsansen ¥T Z \O

3, - Bainfall, P [29-Rour) vesvesisaonsvsdinns in | 35 SN

4. Inicial abstraction, I .csceassscsssncss in LiI2S 1.125
(Use CH with table 4-1.)

5., Compute 131’? e S T L R R 0.3%2 0.20

6. Unit peak d1schaTge, §  ...iessssssssssss csmfin 310 2060
(Use T, and IafE‘ with exhibic &4- )

?'l Hunﬂff, q R R R R R R A AR in ﬂ.--ID 1“%.

(From warksheet 2).

8. Pond and swamp adjustment factor, F_ .... = e

(Use percent pond and swamp area
with tahle &=2, Factor iz 1.0 Eor
zaro percent pond and swamp area.)

Vi

p rrrreesesssesancsseses cfs t& Eiag

{Where 95 " quAmQFF}

%. Peak discharge, g

D-4 (210-VI-TR-55, 3econd Ed., June 1936)
6.1-8




EXAMPLE 6.1

CHAPTER 6
Worksheet 2: Runoff eurve number and runoff
Project EXAMPLE b\ A By oD Dace S-Als.
Location Checkead Dace

Circle ane: Pre.se.nt ENTIRE 25 ocve W&-'l‘ﬂ'_\"".:llhf.d

l. Runoff curve number (CN)

Soil name Cover description 1/ Area Product
and o of
hydrologic (cover type, Ereatment, and el CH % area
group hydrologie conditiom; ol I T Dac':_;es
parcent ilmparvious; ol ¥ 9 |0m
unconnected/connected {mpervious 3 a0 et | 4
{appendix A) area racie) ol mlia
B Wood= - (Geod Condition |55 gz 0% 3N0.5
E Woeads - Good Condition |70 .O [420.0
18% 1MP. 4 :
1 pse only ome CH source per line. Tatals = ZSD li%%llng
L toral product _\_35_1_._5__ - k. -
CH {weighted) e T 75, T5.3 i Ulsa CN
2. Runoff
Storm #1 Storm #2 Storm #3
FraquBiey seicccissacaansntsnsssasnsasann ¥r 2" 1'C"
Rainfall, B (26=hour) .eessssesssesssces in F5 5.5
Bunoff, O] cocssnsscucnannnrrarrnns Siniamekh in .20 2-%5-
(Use P and CH wich cable 2=[, fiz. 2-1,
or eqs. 2-3 and 2-4.)
D2 (210-VI.-TR-55, Second Ed., June 1986)
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Worksheet 3: Time of concentration (_Tc} or travel time (T})

Project _E XAMPLE b, A B T8 pate _S-9le

Locacion Checked Date
Cirele one: Present EMT '|,RE '.?_.‘!.:T et e x.-_\,la_"m r‘sh;_cl
Cirele one: @ T, through subarea -\ unﬂ:ﬁf T low Paﬂ-\‘\

WOTES: Space for as many as two segments per flow type can be used for sach
workshest.

Include a map, schematie, or description of flow segments.

1
Sheet flow (Applicable co T, only) Segment ID =]
Weoode,
ll Sur:a:: d:autiptiun E‘tﬁblﬂ 3".} TEERREERER Y !E%h'r
2. Manning’s roughness coeff., n {(table 3-1} .. 3,480

3. Flow length, L (rotal L £ 300 ££) cuvenesans e | B00

4. Two=yr 24=hr rainfall, Fiy seerersanaananaans in 3.5

5. L30d SLOPE, B vevessserarennransneesnnnresns EE/EE | DZS

0.8
6. T, w 0:007 (nL) Coapuca T. ...... hr |©S|* =|lons
0.5 0.4 4
E 3
2
Shallow concentraced flow : Segnent 1D B
7. Surface description (paved or umpaved) ..... '-}'ﬁFCA'JE:J

B. Flow length, L weeivevenccacasssss £c ";DD.‘

9. Watercourse Blope, B .csccsssssnmsmscannsnas FESEE D&rg

10. Average velocity, V (filgure 3=1) .civiciewa. fifs 2.4

1. 7, = m;] v Compute T, sesses e |O.0) =|0.0|
Channel flow Segnent ID C-D D‘E

12. Cross sectional flow area, @ sssssssrsnsnsns el P1FE 2.0

11, Wetced perimecer, Py *emssesassaasaussasnins fr fLow 5.0

4. Hydraulic radius, ¢ = i Compute © .ess.e. £t C.lp

15. Channel 8lopa, 8 cesessass sassnsasssasssnins FESEE LA

16. Manaing's roughness cosff., M ceeeeceseresas / N

7. W ,M Compute ¥ ....... Et/B N"E{l:z 4,7

n

EBe “FLow LABREl, Loiiiis s s ns s bndonssn e tr | 500 | 1200
L -
19, Tt T Compute T ..uues hr D-D?} s D’-D-] 00D

20. Wacershed or subarea ‘I.‘\_' ag TL {add T'_ in steps 6, Il, and 19) ..c.vua Tr O-g(ﬂ

(210-VI.TR-35, Second Ed., June 1986) D3
6.1-10



EXAMPLE 6.1 CHAPTER 6

Workisheet 4: Graphical Peak Discharge method

Project T XAMPLE (.1 A By TEE Dace S-Sls

Location - Checked Dace

Circle one: Presenat MTLVRE 15_ ENE &H

(longest Slow ch-'r"n\j

1. Data:

Drainage ared siesssssss &m = .DS'D) miz {acres/R&0)
Runoff curve number .... CH = ﬂS (From worksheer 2)
Time of concentration .. T, = 0,%(p  hr (From werkshest 3)
Rainfall distribution type = EE (1, Ia, IL, I1I)

Pond and swamp areas spread 2
chroughout watershed ...... = i percent of ﬁm{ acres or ml® covered)

Storm 1 Storm #2 | Scorm 43

2. TFrequency cscsssssssssssssnramnnnnsnnssns . ¥yr Z \ O
3o BELGERLY, P OBVRIGE) Siiiiivesiisidssin: n |35 5.9
4, Inicial abstraccionm, *Ia ..... A in | O 06T O Gl
{Use CN with table 4-1.)
5. Compute I_/P ......... c.19 C.Z
6. Unit peak disecharge, Q seversnsssvanaeas esm/in 260 38%
{Use T, and Ia;’P with exhibit b= 3
7. BEUOEE, Q vevewnrasenes AT ST m | Lo | 28%
(From worksheet 2}.
8. Pond and svamp adjustment factor, Fp = G
{(Use percent pond and swamp area
with table 4=2. Factor is 1.0 for
zere percent pond and swamp area.)
D Peak disr_ha.l‘ge, q.p ........ R E R R R EEEEES EfS Eeﬁ l’_s 42-‘?

{Where qp = quﬂmQij

D4 (210-VI-TR-55, Second Ed., June 1986)
6.1-11
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Worksheet 3: Time of concentration (T,) or travel time (T})

Project _ EXAMPLE fo.| A By T nate _S-Alo

Location Checked Date

Clrele ona: Prasant Eh.li 1BRE "1.5-4(_.\«'; ﬂ'ﬁ‘}t[éhcd

Cirele ane: T.; T: through subarea Mﬁhﬂ?ﬂhﬁkﬁﬂ_ﬁi _th.

HOTES: Space for as many as two segments per flow type can be used for each
worksheat.

Include a map, schematic, or descriptiom of flow segments.

Sheer Flow (Applicable to T_ only) Segment [D AT
WG

l. Surface description f(table 3=1) sicssssnsnss jlguln.

2. Manning"s croughness coeff., n (cable 3=1] .. 0.40

3. Flow length, L (toral L £ 300 ££) wenvernnns e | 10O

4, Two=yr 24=-hr rainfall, PE EEEA R R AR EE AR AR in BIE

5. Land 5lope, $§ sscasssssansssssssnssnnssnssas EL/EC nDE‘c—:‘_
0.8

6. 7 o 0:007 (nL) P S e [OGT | =027
£ . [FY E
P 8
2
Shallow concentrated flow * Segment ID %C.-
7+ Surface description {paved or unpaved) s.sss P':"-U‘E'd
B. Flow 1EﬁEI:TI, L R R R N T LR 44 qqﬂ&

9. Watercourse 2lope, B8 .osessssrssssssssssssss CEJEL GQ%

10. Awverage velocitcy, V {figure 3=1) .ssssssesss Er/s e P

LT, = Compute T, ...... hr |C.O4|* -| C.O4&
Channel flow Segment ID .o

12, Cross sectlonal flow aTE8; 3 sesssssssssssss ftz ?1PL

13, Verted perimefef, P, secsssssssssssanscnssns £t FI.::JW

14, Hydraulie radiuva, r = P_! Compute T sassass £t

15. channel slope, s ......?..................... fe/ffc

16. Hanning's roughness coeffe, O csscsssssnssse Y

17, v = L:89 ‘:” ot/ Conpute ¥ eeuoean Etfs AVa g

18, Flow lengeh, L .ceosessssssss e o fe T640

1% TT. .E&%r"n" Compute TI: SR ne |O0.0A|* =1 0.04

20. Watershed or subarea T  or Tr, {add T‘ in steps 6, L1, and 19) sc..c.. hr DES

(210-VI-TR-55, Second Ed., June 1986) D3
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Worksheet 4: Graphical Peak Discharge method

Project X AMPLE {pli e By Date
Location Checked Date
Circle one: Present Developed EE“ 1BE '?_.‘5 [Ny 3£a‘l'rc.1‘§"n:¢]l. RET )
MOST ﬂ?rasmhhue. €. How Fa._‘lf'lh,l
1. Daca:
: Drainage ared eseesessss A % 03N mi? (acres/640)

Runcoff curve number .... CN = r5 {From worksheer 2}
¥ Time of concentration .. T, = _0.DS hr (From worksheet 1) 9
Rainfall distribution type = I (1, Ia, II, 1III)

Pond and swamp areas spread 7
throughout watershed ....e. = i percent of AL (____ acres or ml® covered)

Storm 1 Storm #2 | Storm #3

2. TFreQUeNCY sesecsscnanss e e i e ¥yr 2. VO

3. Bainfall, P (23-HoUT) seevessasossionises in 2.5 s.%

4 Initial abstraction, I_ cesevvescasoscons in | Ouele] | Ol
{Use CN with table 4-1,)

5. Compute T /P cuciiiisisiosinsnsnens e .19 L b IS

G Unit P'Eal{ diSChargﬁp q_u BEE AR R e E R CS'III..IFiTI 50}0 'EP‘E:E

{Use T, =nd IB.I'P with exhibic &= )

7. Runoff, § ..eeveen. in | 1,30 2.%5

(From worksheer 2).

8. Pond and swamp adjustment factor; F_ ,...

(Use percent pond and swamp area
with table 4=-2. Facror iz 1.0 for

zero percent pond and swamp area.)

9. Peak discharge, g

p TrerTeesisasssieiaens cts | 29.%) To.(s

{Where 9, = qua’nm{zFP:l

D4 (210-VI-TR-55, Second Ed., June 1986)
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EXAMPLE 6.1B

The Rational Method can be applied to any given watershed to find the peak discharge at a desired
study point. Asdiscussed inChapter 4, the Rational Method ismost accuratefor watershedshaving
drainage areas of 20 acres or less and t, flow paths of 20 minutes or less. The watershed in this
example will be analyzed using the Rational Method, although it exceeds these limits, to provide a
comparisonto the SCS Methodsof Part A. Thedecision to use aparticular method is based on the
watershed conditions (size, type of land cover, etc.) and the desired output (the peak rate of runoff,
or arunoff hydrograph). For further discussion of the various methods, see Chapter 4.

Given:

The watershed in Part A of this example, as presented in Figure 6.1-1a,c.

Find:

The pre- and post-devel oped peak discharge using the Rational M ethod and the post-devel oped time
of concentration flow path as described in Part A of this example.

Solution:

The rational method is applied to the 25-acre watershed as follows:

Pre-developed weighted runoff coefficient C:

Area A Runoff Coefficient
(ac.) C

Agriculture 6.25 0.6 3.75
5.63

Land Use

Woods 18.75

0.3
| TOTAL 25.0 7/_7/_7/_'/_'/_'/_/

Weighted runoff coefficient C = % " 0.38

6.1-15
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Post-developed weighted runoff coefficient C:

Area A Runoff Coefficient

Land Use (ac) C

CxA

Indusiridl/ 11.9 0.9 10.71

Commercial
Woods 13.1 0.3 3.93
| TOTAL 25.0 //////// 14.64 |

Weighted runoff coefficient C = % " 0.59

TABLE6.1-2
Hydrologic Summary - Full Watershed, Example 6.1B
Rational Method Peak Discharge, Q=CIA

Runoff
Condition Coefficient
C

Pre-developed

Post-developed

*  t.based on SCSmethods, Part A
**  Intensity from Richmond area IDF curve
*** Rational Method equation: Q=CIA

Comparing these results with those using SCS methods for the same watershed [Table 6.1-1, Post
Developed t, Path (b)], the Rational Method gives a significant increase in the 2-year pre- and post-
developed peak discharges but gives similar discharges for the 10-year storm.

6.1-16
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]

EXAMPLE 6.1C

Example 6.1C divides the given 25-acre watershed into two sub-watersheds. The TR-55 Tabular
Method is used to generate their hydrographs, which are then added at the study point.

Given:

The proposed development disturbs 11.9 acres. Ten acres drain through subwatershed 1 and 1.9
acres drain through subwatershed 2.

Find:

The peak discharge from the watershed by adding the runoff hydrographs from the two sub-
watersheds at the study point.

Solution:

The 25-acrewatershed isdivided into Sub-watersheds 1 and 2 based on pre- and post-devel oped land
uses and drainage divides, as shown in Figure 6.1-2. To obtain the peak discharge from the total
watershed, hydrographs must be generated for each sub-watershed and then added at the study point.
The SCS Tabular Method (or any other hydrologic computer program that generates a runoff
hydrograph) should be used.

The results, using the SCS TR-55 Tabular Hydrograph Method, are summarized in Table 6.1-3.
Completed TR-55 worksheets are included at the end of this example.

Referring to the TR-55 Tabular Method Worksheets, note that the peak discharge obtained from

adding the two hydrographs is less than the sum of their individua peaks. Thisis due to the timing

effect of the peak flow through the watershed. Sometimes, the peak discharge will decrease with

development because of the decreased flow time. Also note that the peak discharge hydrograph for

the devel oped areatravel s through the study point before discharge from the other subwatershed(s).
For additional examples and discussion on the Tabular Method, refer to TR-55.

6.1-17
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. ____________________________________________________________________________________________________________________________|]
TABLE6.1-3
Hydrologic Summary - Sub-watersheds, Example 6.1C
SCS TR-55 Tabular Hydrograph Analysis
Sub-watershed 1

. Area t. Q, Qo

Condition (ac) RCN (hrs) (cf9) (cf9)
Pre-developed 9.5 68 74 4.7 14.4
Post-devel oped 12.0 84 .35 21.9 42.0

Sub-watershed 2

L Area t Q Qio

Condition (acres) RCN (hrs) (cfs) (cfs)
Pre-developed 155 61 87 4.8 13.9
Post-devel oped 13.0 67 .86 5.9 18.2

Sub-watershed 1 and 2 Composite Hydrograph

it _ Q, Quo

Condition (cf9) (cfs)
Pre-developed - 9.5 27.8
Post-devel oped - 24.2 53.4

6.1-18
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FIGURE 6.1-2a
Example 6.1C Sub-watersheds 1 & 2 Pre-developed Condition

t. flow segment L.D. (typ)
. e 9

— Predeveloped sub-watershed 2
tc flow p{lth
tg, =087 hr

Predeveloped
sub—watershad 1 —
ty flow path
Jf.:1 =0.74 hr
Subwatershed 2
,f ~Watershed divide
Subwatershed

~ Subwalershed divide

E'I,E Sub—watershed 1 Sub—walershed 2
95 Ac. Wolershed 15.5 Az, Watershed
weighted RCN=68 weighted RCN=61
tcTD.—?‘i hr. tc?ﬂ'.ﬁ? hr.

Pre—Developed Composite Peak Discharge
Sub-watershed 1 & 2 at study paint
29 Ac. Watershed

weighted RCN=64

Q;=9.5 cfs

Q=278 cfs

PRE-DEVELOPED SUB-WATERSHEDS 1 & 2

eME_D1=Ta
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EXAMPLE 6.1 CHAPTER 6
]

FIGURE 6.1-2b
Example 6.1C Sub-watersheds 1 & 2 Post-developed Condition

Subwalershed divide

t, Flow segment 1.D. {typ)

Subwatershed 1
Fost—developed
i flow path
tn=ﬂ.35 |"II'.

Watershed divide

Subwatershed 2 Post-
developed t.=0.86 hr.

Study point ——=> ) FOST-DEYELOPED
Sub—watershed 1 Sub—wolershed 2
12.0 hc. Wotershed 130 Ac. Wotershed
weighted RCN=84 weighled RCN=E7
te=0.35 hr. te=0.86 hr.

Post—developed Composite Peak Discharge
Sub—watershed 1 & 2 ot study point

Q=342 ris
hg=5d 4 ofs

Foe 1
o 01-28
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EXAMPLE 6.1 CHAPTER 6
Worksheet 2: Runoff curve number and runoff
Project E-AAMPILE (.1 C By 158 pate S-o .
Location Checked Date
Circle ome: Developed "‘E)ulp - deJr‘&u"S hed |
1. PRuncff curve number (CH)
S0il name Cover description 1/ Area Product
and Ch = of
hydrologic {cover type, treatment, and el CH x area
group hydrolegic condicion; L i T |Oacces
percent impervious; ol | ©|0ni?
unconnected/connected impecvious a w wilE
(appendixz A) area ratia) 2 Bl 2
B Woeds - goed Condibion |S8 225 (17%S
£ ru'_ul':l.'uf't.- %FS'-*'CR -
B 3 goed ConditTian i LS |ALYS
Y yse only one CH source per line. Totals = qug LAT. %
total preduct LATS gy =
CH (welghoed) e a.s = i Use CH -
2.  Runoff
Storm #1 Storm #2 Storm #3
FrOQUERCT +uuuus cosennsonssmarsnnnsnnnes yr 2 1O
Rafinfall, P (24=hour) ecevesscccosennes in 2.5 5.5
RBunoff, § -..... e A «s An b A
(Use P and CH with table 2-1, fig. 2-1,
or eqs. 2=1 and 2-4.)
(210-VI.TR-55, Second Ed., June 1986)




EXAMPLE 6.1

CHAPTER 6
Worksheet 2: Runoff curve number and runoff
Projeet E M AOPMMEPLE &) C By T5B Date lo=Sif.
Location Checked Date
Circle one: Develupe-d '51_*.[-_‘)- Lk:'ﬂ\_jl'ﬁ'.‘rﬁll'ﬁﬂd_ 2
l, Bunoff curve number (CH}
Zoil name Cover descriptiom 1/ Area Product
and CH af
hydrolaogic (cover type, treatment, and AT CH x area
group hydrologlies condicion; e i | Dangas
percent ilmpervious; a ~ “0ei"
unconnected/connected lapervious =l &l =l0O=
{appendix A) area ratio) Sl &2l B
B W oods — %oocl condition |E5 9.5 SZ22.5
£ woads - qoe ad conditien |10 6.0 |4z20.0
1 pse only one CH source per line. Totals = ?515 C|r42_5_
42.5
CH {weipghted) = 12::111::22:& -C,EFS g. {90.31 OUse CH =
L
2. Runocff
Storm #1 Storm #2 Storm #3
Ffequsncy T N T e RS g as ¥ ZL ﬁ O
BATARELY, PrLRhoWE} vivsieisiosssvass 1R 3.5 S5

Runﬂff, Q FEFFAAFAAT A RN AN I AR N G R R R R in D'E-? il{ﬁg
(Use P and CN wich rable 2-1, fig. 2-i,
or eqs. 2=3 and 2-4,)}

b2 (210-V1.TR-55, Second Ed., June 1888)
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EXAMPLE 6.1 CHAPTER 6

Worksheet 3: Time of concentration (T,) or travel time (Ty)

Froject EX&MPLE C_.p | C; H-].r-'l.._f'_‘iE pate (o~ %

Locatcion Checked Dace

Clrele onat Developed 5Qb~ﬂ&+§=féhﬂd =
Cirela cnat @ 'I.‘t chrough subarea

BOTES: Space For as many as two segments per flow type can be uged for each
worksheet.

Ingclude a map, schematlc, or descriprion of flow segments.

Sheer flow (Applicable co T, only) Segment 1D A
wWoaods

1. Surfaece description ftable 3=1) sevussssssss !,u%'rﬂ"

2. Manning’s roughness coeff., n (rable 3=1}) .. 0.40

3. Flow length, L (cotal L < 300 f£) seccenssas fe | BOO

4, Tuq-ﬁl"l 24=ht ri:nf‘;l, ?2 AR R SR EA B R RS in '3'5

Sl I‘-ﬂd ﬂ'lﬂfej B sessssmssnmsssnsswsnadsanvanms E‘:llrf:: nDBS.

0.8
G T: = D007 (“L}ﬁ l['.umpute Tt EEEE T hr Du{ﬂ{ﬂ * - 0&&
| eyt oy
2
Shallow concencrated flow 5 Segment ID BC—
7. Surface degcription (paved or unpaved) ..... UﬂPh ;

8. Flow lEﬂEth, L sssasssasesissssansnnssnansns fr -z'i‘nD

3. Watercourse slope, B seses PP 4 & 1 -035
10, Average velocicy, V (flgure 3=1) .evevsnnssr ftfs 3.0
L + = |0
L. T, = 55557 Compute T, .vonn. e |0.04
Channel flow Sagment ID (]
12. Cross sectional flow ATRB, 4 ssssssssssnsnsss Etz 3‘[']
13, Wetted P‘I’L“::f-. P‘U T T PR T R A T T T R 114 S-G

14, Hydraulic tadius, r -P—E COMPUER T sasanss it 0.l
W
15. Channel Slﬂpil § sessnansnssnssenansnnsnnnas f:f:: FO&S

l6. Manning’s roughness goeff., M sssssasssnsnas OS5 iz
AT
17, Yo 22— Compute ¥ seeeees fcfs | 5]
IB. TFlow length, L sccicrccsccssacaisssnaisaansa fr 160
L -
19. Tt - W Eﬂmpu:¢ T'. R he 0.04 ¥ - Dqu

20. Wacaershed or subarea Tc or Tt (add TI‘. in stape 6, 11, and 19) ....... hr 0.4

{210-VI-TR-55, Second Ed., June 1924) D3
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EXAMPLE 6.1 CHAPTER 6

Worksheet 3: Time of concentration (T) or travel time (Ty)

Project E HORAFE| B {ﬁp\ C By TR pate L=l

Locacion Checked Date

Clrcle one: Developed Eu'b— EO«.‘I’E{ é\'r"'.{c,lll o

Circle ong: @ Tt chrough subarsa

HOTES: Space for as many as two gegments per flow type can be used for each
worksheet.

Include a map, schemacic, or descriprion of flow segments.

Sheer flow {(Applicable to T, only) Segment ID A
wWoads
l. Surface dﬂﬁﬂriptiﬂﬂ {'tﬂ.b].E 3‘1: WA R ll.iqﬂ.ﬂ*_
r= )
2. Hanning“s roughness coeff., n (table 3-1) .. 0, 40

3. Flow lengch, L (total L £ 300 ££) weesressen  £r | 300

4, Two=yr 14%=hr rainfall, Pz FEEEEFEIIEET IR R AR in -3 'S

5. Land slope, 8 sssscsssusssssanssssnrnssssnans ECSEL Reri=y

0.8
B Tr_ i G.Dg?jfnt}ﬁ Compute Tt - hr D'_TS + - D;-IE
B
2
Shallow concentcated flow . Segment ID EJCJ
Unpaved

7: Surface description (paved or unpaved) ..s:ss

B. Flow Iength, L suscscscasscsossusssasanssone Bt | 000

9, Watercoutrse 51'}?‘- B sssvsssssstssdssssndsss ft.lrft Ims

10. Average veloeity, ¥V (figure 3=1) .osvessssas frfs 3.4

v i + = 0.05
1. T, " Se00 v Compute I'r. ...... hr DE
Channel £low Segment 1D CD
t | 3.0
12, Cross secclomal flow area, 2 cececvcscssnmns fe 1
- 1,..-_"?'_‘__,_4
11. Werted parimecer, Py sressssmsnssnanansenane fr 5.0
14, Hydraulie radius, v -p—l CORpUEE £ scessas fe C.lo ll'g
W
15, Channel SLape, & eesssesscssassscnsnenennnes FEfEE |, OAS
L6, Maaning s roughness coeff., A ....ccuviannss OS5
2f3 _1J2
17, v =222 It Compute V ovees.. fe/e | AT

LR, ¥ dengel . Lo s fr (LoD

-
e e % =
9. T, 500 ¥ Compute T, ...... hr 07 : oL

2. Watershed ar subacea Tc ar TI‘. {add TI‘. in asteps 6, 11, and 19) ....... hr Ch%_i

(210-VI.-TR-35, Second Ed., June 1986) D.3
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CHAPTER 6

EXAMPLE 6.1
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EXAMPLE 6.1
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EXAMPLE 6.1

CHAPTER 6
Worksheet 2: Runoff curve number and runoff
Project EXAMPLE (.\ L By T=E Date _(5-%)p -
Location Checkead Date
Circle one: Present I Eub-wﬂ.th.rE\r‘ch !
l. Bunoff curve number (CH)
Soil name Cover deseription By, Area Froduct
and CH of
hydrologic (cover type, treatment, and e CH x area
group hydrulngi-: condicion; ~a "T "-'f Dac};es
percent impervious; al ™ M 0mi-
unconnected/connected impervicus B -] =02
{appendix A) area ratis) gl el =
B Weods- good tondition |55 2.0 | ne.0
Cotamercial / Industrial o
. o0,
A Use only one QN source per line. Totals = 2.8 |D\10.0
_ Eotal product _10lO \ g -
CH (welghced) TR T it T e 4. X Use CH m
2. Runoff
Storm #1 Scorm 2 Scorm #3
Frequenc¥ cscessnsssns sesasssssmnmsnnnsn  JE 2 |0
Rainfall, P (2i=hout) we.eees i S B AR in 3.5 S5
R‘UEI.DEE. 'Q LR R T e in 1‘-0}& 3'—13
{Use P and CN wich cable 2-1, Ffig. 2-1,
or eqs. 2=3 and 2-4.)
D2 (210-VI-TR-535, Second Ed., June 1986)
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EXAMPLE 6.1 CHAPTER 6

Worksheet 3: Time of concentration (Ty) or travel time (Ty)

Project 'EK&MPLE- l::hll. L/.L !?"t-ﬁﬂ?:l' Dace b*p}g

Location Cheekad Date
Clecle onet Present f{Davelopad Sub wk.\jah-li*t_fghgd |
Cirele oned Tc ‘L’t through subarea

HOTES: Space for as many as two ssgoents per £low type can be used for each
workasheec.

Include a map, schemacic, or description of flow segments.

Sheer flow (Applicable to 1‘: only) Segmenc ID =]
Woads
1. Surfaece desecription (ecable 3=1) souasssssrss Liegn ¥
=
2. Manning's roughness eoeff., n (table 3=1) .. A0

3. Flow length, L (toral L < 300 ££) sesssesass  fE \OD

ﬁ-. T\lﬂ-_'ff 24=hr Eﬂiﬂ.fﬂ.ll. P2 EEA A RR AR R R inm 3'5

5. Land 8lopa, 8 ssveessnssnsnananannnssassssas LESEE .D?:'E'

0.8
EI T = u.uu? nk 'y CﬂﬂF“tE T 'EEELE] h: D"E"‘[ * e D'.E-T
t 0.5 D.4 t
P ]
2
Shallow econcencraced low . Segment LD E‘:-
7. Surface descripticn (paved or unpaved) sssss Un;.nw.d
8. Flow langl:l'l. L ssssssscsssnassannnnunmunnmus ft 4{3’&-
9. Watercourse SlOPE, B sssstsnsssnssssnsssssss LESEE J_G.-?’G
10, Awerage velocity, ¥ (figure 3=1) «scsssse-e. frC/s 5.0
re. Tt 0.04 |+ =| &, b&
1. 1, 3600 7 Compute T: ...... hr
Channal flow Segment ID [ =
12. Cross sectional flow ATER, & secsssssssssass itl 3.0
13, Werced perimefer, P sssssssssmsssssssassses fr £.0
a D’ {#
14, Hydraulic radius, © B Compute © sesswss ft '
o
15, Channel slope, 8 sicscsssssssssnsnnnnnnsnmus fe/fe . D4
i6. HManning’s roughness coeff., T ssssssssssanas 05
213 1f2
17, v = Lef9 ’u a Compute ¥ .eveses EC/8 4.7
18. Flow lemgth, L weevss Fperp etk (N | -
L + -
19. T, = gree— Compute T, ,o.vee  hr |O.0A - .04

10. Watershed or subarea TI: or tr, {add T[ In sceps 6, 11, and 19) ssssssa hr {].'%5

(210-VI.-TR-35, Second Ed., June 1986) D3
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EXAMPLE 6.1 CHAPTER 6

Worksheet 2: Runoff curve number and runoff

Projeer EXAMPLE .\ C By 1o pate (o=,

Locaticon Checked Date

Circle one: Present %LJI'D#WD\‘JH"!_{SH\E& 2

l. Bumoff curve number (CH)

LS
Spil mame Cover deseription 1/ Area Proaduct
and CH ~ of
hydrologic {cover type, treatment, and = CH x area
EToup hydrologlec condition; ra| 7| F|DOacres E
percent impervious; ol ™| ¥|0Owi?
unconnected/connected impervious Bl el 0%
{appendix A) area ratio) SlEl B
B Woods - geed cond i Hen 5SS | Z2Bo.s
8 woods-gead cordkian o 6.0 4200
'E: Commeraol / Industrial e 1.9
8% \mp. : 7.0
L Use only one CN source per line. Totals = HS'D &11.5
o Eotal product 2.5 lo]. D& 77
CH (welghted) el 18 =0 = : Use CH = -

2. FRunoff

Storm #1 Storm #2 Scorm 83

FER BT i SR Rt ey Z 1®
Rainfall, P (24=hout) ...eceessesssssses 1M &, 5 2.5
LT T L A S| E——— in 0% 2l

(Use P and CN with cable 2-1, fig. 2-1,
ot eqs. 2-3 and 2=%4,)

D2 (210-VI-TR-35, Second Ed., June 1986)
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EXAMPLE 6.1 CHAPTER 6

Worksheet 3: Time of concentration (T) or travel time (T;)

Project = MAMPLE () 5 By Toi pace (- Gl

Lacation Checked Date
Clrela ona: Present ! C-‘:lubrmﬂ\_'j"cf‘slhc,d ’?_. 3
Circla one: T, T: theough subarea

HOTES: Space for as many as two segments per flow type can be used for each
worksheer.

Include a map, schematie, or description of flow seg=ents.

Sheet flov (Applicabla to T-: only) Segment ID ﬁ't"Ef:-

1. Surface deseripeion Ctable 3=1) sevvrsanssns Lff:ﬂ?r

2. Manning’s roughness coeff., n (tabla 3=1) .. A0

3. Flow length, L (total L € 300 ££) .eevaaenns fe | 200

4, Two=yr 24=hr rainfall, Py sevennnainannansns in 3.5

3, Land BLOpE, B sisissasnisenrsssnnssannsnsans fefte | DS

6. T, = 2:007 (aL)T Compute T, coiene  he OIS [ -loas
E"z ]

Shallow concencrated flow . Segnent ID B

7. Surface description (paved or unpaved) ..... 'L-?nFnlu'r.‘d

B, Flow Length, L sesesveessssasssassssasnsssss  EL oo’

9, Watercourse Blopa, 8 sssssssssssssssesaassss LESFE amg

10, Average velocity, ¥ (figure 3=1) veveressens £t/ | 3.5

1L T, = 5T Compute T, serews e OO [+ =[e.oel

Channal £low Segnent ID o DE

12:. Cross sccticnal flow area, 8 ssssssssansssns E't:1 e 3.0

13. Wecced perimeter, Py senes B R M fe Flow 5,0

l4. Hydraulic radius, © -i Conpute T sssssns fe ﬂl._lg

15. Chaonel slope, 8 scascscsas sssrmmsasans sssss frffe 10&

16. HManning's roughness coeff., N ceccecccnanass 'IIF ,..[:-;,5;_

17, v - Le48 r:” e Compute ¥ seessn. fcls N’Eq'i 4.1

T TR T 1 s R e e e | SO0 | 1ieo

1% To= jﬁ'ﬁ Compute T, ...... hr D.DSI"']G"DT "l OO

20. Watershed aor gubarea 't‘I= ar TL {add TI: in steps &, 11, and 19) ....ca. hrE Gaﬂ

(210-VI.TR-535, Second Ed., June 1386) D3
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EXAMPLE 6.1
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EXAMPLE 6.1
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EXAMPLE 6.1 CHAPTER 6
]

EXAMPLE 6.1D

Using the Rational Method to analyze the full 25-acre watershed (Example 6.1B) yielded much
higher peak discharges for the 2-year design storm then when using the Tabular Method in Part C.
The analysis of Sub-watershed 1 using the Rational Method will provide a better opportunity to
comparethetwo methods, since Sub-watershed 1 islessthan the recommended maximum of 20 acres
and the t, is close to the recommended 20 minute upper limit.

Given:

Sub-watershed 1 as shown in Figure 6.1-2 and described in Part A.

Find:

The peak discharge from Sub-watershed 1 using the Rational Method. Compare these results with
those from Part C.

Solution:

The Rational Method is applied to Sub-watershed 1 as follows:

Sub-watershed 1:

Pre-developed weighted runoff coefficient C:

Area A Runoff Coefficient
(ac.) C

Agriculture 6.25 0.6 3.75
Woods 3.25 0.25 0.81

| TOTAL 9.5 ;;;;7/_;/

Land Use

. . 456 .
Weighted runoff coefficient C = o5 0.48
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Post-developed weighted runoff coefficient C:

Area A Runoff Coefficient

Land Use (ac) C

CxA

Commercid/

Industrial 10.0 0.9 9.0

Woods 2.0 0.25 0.5
| TOTAL 12.0 /////// 9.5|

Weighted runoff coefficientzlgz—'SO " 0.79

TABLE 6.1-4
Hydrologic Summary - Sub-watershed 1, Example 6.1D
Rational Method Peak Discharge, Q = CIA

Runoff
Condition Coefficient
C

Pre-developed

Post-devel oped

* 1. based on SCSmethods, Part A
** |ntensity from Richmond area I-D-F Curve, Appendix 4D

The results show a significant increase in both the pre- and post-developed 2-year storm peak
discharges, and very similar pre- and post-developed 10-year storm peak discharges. This may be
attributed to any one of several factors, however, there seems to be a consistent trend that the
Rational Method over estimates the 2-year storm discharge when compared to the SCS methods.
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EXAMPLE 6.2

INTRODUCTION:

Example 6.2 will use the same hydrology for the 25-acre watershed that was presented in Example
6.1 and illustrated in Chapter 5. A stormwater facility will be sized and designed to accept the
runoff from the full 25-acre watershed. Note that it is usually most efficient to control stormwater
quality and quantity within the subwatershed where the majority of the development occurs.

GIVEN:
The hydrology of the 25-acre watershed represented in Example 6.1, Part A, using the most
representative flow path of the proposed development to determine the time of concentration. The

summary of the hydrology (developed using the TR-20 computer program) is as follows:

Table 6.2-1
Hydrologic Summary, Example 6.1, SCS Methods

TR-20 COMPUTER RUN

Condition (M

PRE-DEV 52.7 cfs

POST-DEV 108.9 cfs

* 10-year Allowable release rate

The TR-20 hydrologic analysis input file and output summary are provided on the following pages.
FIND:

Design a stormwater management facility which provides 24 hour extended detention of the 1-year
frequency design storm for channel erosion control, attenuation of the post-developed 10-year
frequency design storm released at the pre-developed rate for flood control, and safe passage of the
100-year frequency design storm through a vegetated emergency spillway.

Note: There is no water quality enhancement required for this example. Also, extended detention
of the runoff from the 1-year frequency storm is a calculation based on the volume of runoff
rather than the rafe of runoff. Therefore the hydrologic summary includes only the 10- and
100-year frequency storm peak rates of runoff.

6.2-1
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SOLUTION:
Use the design procedures found in Chapter 5-7 to design the basin and multi-stage riser structure.
This is to include the design of the 1-year storm extended detention orifice in lieu of a 2-year control
orifice. The design procedures for channel erosion extended detention are found in Chapter 5-6.3.
STEP 1 No water quality requirements for this facility.
STEP 2 Allowable release rates from the TR-20 computer run: O, ,uowase = 255 cfs
STEP 3 The required storage volume for extended detention of the 1-year storm (V,):
l1-year frequency design storm rainfall = 2.7" (Appendix 4B); 1-year frequency
design storm runoff = 0.8" (Appendix 4C).
Runoff volume (25 ac.) (0.8") (1'/12")=V_, = 1.66 ac.ft.
Note: The routing affect on the extended detention of the 1-year storm results in the

actual use of approximately 60% of the design storage allocated in the basin
(Chapter 5-6.3). Therefore, V,, = (1.66 ac. ft.) (0.6) = 1.0 ac. ft. = 43,560 ft’.

Required storage volume for 10-year flood control (V,,):

1. From TR-55: Storage Volume for Detention Basin (Chapter 5-4.2):
Qolo/Qim =255/61.1=042

From Figure5-4: p ,p = 0.31
Si0 T10

2. Runoff volume: = Q,,4,,53.33 = (2.85in.)(0.039 mi?®)(53.33) = 5.93 ac.ft.
10

14
S‘O] v, T (031) 593 acfi. ™ 1.84 acfi.

3. Storage volume required: Vs ( %4
10

Note: Approximately 10% should be added to the required storage to account for the
extended detention of the l-year storm within the 10-year design pool: (1.84 ac.ft.)
(1.10) = 2.0 ac.ft.

STEP 4 The development of the stage-storage worksheet and curve, Figure 6.2-1, was presented
in Chapter 5-5.1.
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STEP 5 The extended detention orifice (1-year storm) is designed using the procedure outlined in
Chapter 5-6.3 as follows:

1.
2.

3.

V,.=1.0 ac.ft.
Elevation for 1-year h, = 89.0 (1.0 ac.ft.). h,,, =89 -81=28.0 ft..
3
0 " 43,560 fi " 0.5 ofs

(24hr.)(3,600sec./hr)

Opax =2 X Qg cfs =2 x0.5¢fs = 1.0 cfs

The required orifice area, a, in ft* is:

-0

Cy2gh,,..

Equation 5-7
Rearranged Orifice equation

a

a” 1.0 " 0.073 ft? "wr? " nd?/4

0.6/(2)(32.2) (8.0)

2
a - |2 - | 2003 ) v 3046 " 37in,
T T

Route the 1-year storm to establish the 1-year design water surface elevation (wse)
by completing steps 6 and 7.

The stage-discharge relationship is as follows:
O " Cay2gh

Equation 5-6
Orifice equation

O " 0.6(.073)y/(2)(32.2)(h) ~ 0.33(h)*

where h=wse 81.0 ft.
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FIGURE 6.2-1
Stage-Storage Worksheet
PROJECT: £ xampLE 6.2 SHEET OF
COUNTY: COMPUTED BY: DATE:

DESCRIPTION: 1_"_‘,"' extended dc.-\tn-x':or\l ‘.O-\jr. Llogel mn‘\"ro\, loq -yr, E.S.

ATTACH COPY OF TOPO: SCALE- 1"=______ft.
1 2 3 4 5 6 7 8
AVG. TOTAL VOLUME
ELEV. Arf"g“ %A AREA | INTERVAL Vmof)*
) () (ac.ft.)
N . : LI A . ||
400 | q00
| &z ) 2.0 :|:18a0 qo00 0.6 ll
o) . o :
Bq- E = 42071 e 8414 Aae 2
&) T SVIS 6 =
T16\4A Z 15228 -20,5_4 =i0% “
1.2 |100S3 v i o
83 12999 b 25982 2
90 | 1.7 | '=130 S5564 | 1.2% "
20700 ya 41400
a2z | 283 | 25470 s | 223 ||
Suye | 21102 I
a3 |qo0.8 | 36734 128066 | 294 P
, 38\0S | 28105
94 | 43.9 | 394706 \ b\ 3.3\
|
AR BRI SRR
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FIGURE 6.2-1 contd.
Stage - Storage Curve

clevahion (§1)

o 1.0 20 3.0

Basin Storage (aeft)
7. Complete a stage-storage-discharge table for the anticipated range of elevations

using the stage-discharge relationship established in item 6 above. The completed
extended detention portion of the stage-storage-discharge worksheet is presented in
Figure 6.2-2.

In order to establish the 1-year extended detention water surface elevation, the designer may use the
approximate value of 89.0 ft. established by the required storage volume calculation and the stage-
storage curve, or an exact value may be determined by routing the 1-year storm through the basin.
The TR-20 input file and tabular hydrograph output for the routing of the 1-year storm are provided,
Figure 6.2-3. The routing results in a maximum extended detention water surface elevation of
88.69', a peak discharge of 0.97 cfs, and a brim drawdown time of 23.5 hrs. (39 hrs. - 15.5 hrs).
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FIGURE 6.2-2
Extended Detention Stage-Storage-Discharge Worksheet

3
86 |033 | 5 |03
&8 jo.68 | 1:|09
gt [ogs | & |10
Gl Leeidiqe fed
b b WS chito. fi.

Q=0.33(h)* whereh=w.s.e. 81.0ft.

STEP 6 / STEP 7 2-year storm control is not required since the channel erosion component of
this design is covered by the extended detention of the 1-year storm.
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FIGURE 6.2-3
TR-20 Input and Tabular Output - 1-yr. Extended Detention

rewewwreswwwwwesewg§0-30 LIST OF INPUT DATA FOR TR-20 HYDRCLCGY

Jog TR-20 FULLPRINT SUMMARY

TITLE 001 STCRMUATER HANDBOOX EXAMPLE PROBLEM 1: EXTROUTA.DAT

TITLE EXTENOED DETENTICH 1 YR STORM

3 STRUCT a1

8 81.0 0.0 0.0

8 82.0 0.3 0.02

8 84.0 0.5 0.4

8 86.0 0.7 0.33

8 38.0 0.9 0.58

8 89.9 1.0 0.95

8 90.0 1.1 1.28

9 ENDTBL

& RUNGFF 1 001 1 .039 5. 0.35 11 1 1

& RESVCR 2 011 2 3.0 L R B |
ENDATA ~.

7 INCREM 6 i

7 CoMPUT 7 001 01 0.0 2.7 1.0 22 01 n
ENDCHP 1 {
ENOJOB 2 1- oy storm rmn‘?al[

*ENO OF 80-80 LIST

EXECUTIVE CONTROL OPERATION INCREM  MAIN TIME INCREMENT = .25 HOURS RECORD 1D

EXECUTIVE CONTROL CPERATION COMPUT FROM XSECTIGN 1 TO STRUCTURE 1 RECORD 1D
STARTING TIME = .00  RAIN DEPTH = 2.70  RAIN DURATION= 1.00  RAIN TABLE WO.= 2 ANT. MOIST. CONO= 2
ALTERNATE NO.= 1 STORM HO.= 1  MAIN TIME INCREMENT = ° .25 HOURS

OPERATION RESVOR STRUCTURE T
INPUT HYDROGRAPH= 1 QUTPUT HYDROGRAPH= Z
SURFACE ELEVATION= 81.00

wow UARNING-NG PEAK FOLND, MAXIMUM DISCHARGE = 97 CFS.
PEAX TIMECHRS) PEAK DISCHARGE(CFS) PEAX ELEVATICM(FEET)
15.50 297 8.8

TIME(HRS) FIRST HYDROGRAPH POINT = .00 HOURS TINE INCREMENT = .25 HOURS DRAINAGE AREA = 0hk SQ.NI.
10.00  OISCHG .00 .00 .00 .00 .00 .00 2 = .61 .75
12.50  oIscHG 85 1 2 9% 95 .95 .96 96 97 57
15.00  oIsCHG 57 P N S S § . S 96
17.50  DISCHG .96 9% .9 .96 .96 95 .55 95 95 9%
20,00  OISCHG 9% 9 93 .93 .53 2 52 52 91 91
22.50  DISCHG 9 .90 .90 .50 59 59 28 53 87 .86
25.00  DISCHG .85 8 .85 g A .50 e .78 R ed .76
27.50  DISCHG .75 7% J6 . T3 . .70 ) .£9 .68
30.00  DISCHG 67 .56 .56 &5 ¢.64 .6b .3 42 82 .61
32.50  DISCHG .60 .58 .55 s2 . .50 47 45 -3 .40 s
35.00  DISCHG a7 35 33 il .28 .21 .15 1 .08 .06
.50 oiscus &% s w2 .2 o .0 o ie.

RUNOFF VOLUME ABQOVE BASEFLOM 3 .77 WATERSHED INCHES, 19.30 CFS-HRS, 1.40 ACRE-FEET; BASEFLOW = .00 CFs
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STEP 8 (Trial 1) The 10-year flood control opening is designed using the procedures outlined in
Chapter 5-7 as follows:

1.
2.
3.

1-year extended detention water surface elevation is 88.691t.

Set 10-year control elevation at 88.8ft.

Approximate storage volume required for 10-year storm control is 2.0 ac.ft. from
STEP 3 above. From the stage storage curve h,,,, = 91.5ft.  88.8ft. = 2.71t.
The maximum allowable discharge, Q,o.onane = 25-5 cfs.

A weir is chosen to control the 10-year release rate:

L= QlOallowable / thl.5 qulatiOIl 5-9
Rearranged weir equation

L =255cfs/(3.3) (2.7ft.)"°
L =1.74ft. For Trial 1, use a 1ft. - 8in. (1.7ft.) weir

Note: Since the maximum head of 2.7 ft. is used, an average value of 3.3 for the
weir coefficient (C,) is used. See Table 5-8: Weir Flow Coefficients.

The stage discharge relationship is as follows:
Q,=C, L))"’ Equation 5-8
Weir flow equation

=33 (1.7ft) ()
Q,=5.6(h)"° whereh=wse 88.8ft.

Complete a stage-storage-discharge table for the anticipated range of elevations
using the stage-discharge relationship established in item 6 above. The completed
extended detention and 10-year control (TRIAL 1) portion of the stage-storage-
discharge worksheet is presented in Figure 6.2-4. Note the addition of the
elevation 88.8ft. representing the crest of the 10-year weir.

The TR-20 input file and output summary table for the routing of the 10-year
storm through the basin (Trial 1) are provided (Figure 6.2-5). The routing results
in a 10-year maximum water surface elevation of 91.77ft., and a peak discharge of
29.00 cfs. > 25.5 cfs.

Try smaller weir and repeat from STEP 8, #6.
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FIGURE 6.2-4
Extended Detention and 10-year Flood Control (TRIAL 1) Stage-Storage-Discharge
Worksheet

I-gC ext dev. Al |
STORAGE ~QUALE -r!z llo_vm ‘!'OTAL
(sctt.) ORIFICEQ CONTROL rqrs;

8l o | ©

K2 |.0 2
&4 |.\a

(8e | .33

L |03
3
5
88 | 8 |7 |oa
88.8( 90 |1809g| © | O
8
9

0.6

0.1

82 | 95 1.0 j0.Z|0.§
20 | 1.28 12|14

21 IS Lo () 2.2 1183
92 | 223|111 |10 |3.2(%2.0

(1)  Q=033(h)"" whereh=w.s.e. 81.0ft.
4 Q,=5.6(h)"° whereh=wse 88.8ft.
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FIGURE 6.2-5
TR-20 Input and Output Summary - 1-yr. Extended Detention and 10-yr. Flood Control
(TRIAL 1)

wawwwwnwwwwrewwerwg(-30 LIST OF INPUT DATA FOR TR-20 HYDROLOGY™™ ladnd

JoB TR-20 FULLPRINT SUMMARY
TITLE 001 STORMWATER HANDBOOK EXAMPLE PROBLEM 1: EX1ROUTB.DAT
TITLE EXTENDED DETENTION 1 YR STORM, 10 YR FLOOD CONTROL: TRIAL 1

3 STRUCT 01 —

8 81.0 0.0 0.0

] 82.0 0.3 0.02

8 84.0 0.6 0.14

8 86.0 0.7 0.33

8 88.0 0.9 0.68

8 88.3 0.98 0.90

8 89.0 1.5 0.95

8 90.0 8.5 1.28

8 91.0 19.4 1.75

8 92.0 3.1 2.3

9 ENDTBL

6 RUNOFF 1 001 1 .039 7s. 0.35 LR B

6RESVOR 2 011 2 81.0 11 11
ENDATA

7 INCREM 6 25

7 CONPUT 7 001 01 0.0 2.7 1.0 22 01 01 |~yc sterm
ENDCHP 1

7 COMPUT 7 001 01 0.0 5.5 1.0 22 01 02 \O-yr storm
ENOCNP 1
ENDJOB 2

. - END OF 80-80 LIST

SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED
(A STAR(™) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH
A QUESTION MARK(?) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.)

SECTION/ STANDARD RAIN ANTEC MAIN PRECIPITATION PEAK DISCHARGE
STRUCTURE CONTROL  DRAINAGE TABLE MOIST TIME RUNQFF
1D OPERATION AREA # COND INCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE RATE
(sa MI) (HR)  (HR) (IN) (HR) () (FT) (HR) (CFS) (CsM)

ALTERNATE 1 STORM 1

XSECTION 1 RUNOFF .04 2 2 i .0 2.70 24.00 .76 - 12.17 14.68 376.4

STRUCTURE 1 RESVOR .04 2 2 .25 .0 2.70 24.00 7 88.568 15.507 972 24.8
ALTERNATE 1 __STORM 2

XSECTION 1 RUNOFF .04 2 2 .25 .0 5.50 24.00 2.3 = 12.10 61.12 1567.1

STRUCTURE 1 RESVOR .04 2 2 .25 .0 5.50  24.00 2.87 N7 12.49 29.99 769.0
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STEP 8 6. (Trail 2) Try smaller weir : 1ft. - 4in. (1.33ft.). The stage-discharge relationship
is

as follows:
Q,=C,Lh'"’? Equation 5-8
Weir equation
=(3.3) (1.33ft.) (h) "*
Q, =4.39(h) "> where h = wse - 88.8ft.
7. Complete a stage-storage-discharge table for the anticipated range of elevations

using the stage-discharge relationship established in item 6 above. The completed
extended detention and 10-year control (TRIAL 2) portion of the stage-storage-
discharge worksheet is presented in Figure 6.2-6.

STEP 9 The TR-20 input file and output summary table for the routing of the 10-year
storm through the basin (TRIAL 2) are provided (Figure 6.2-7). The routing
results in a maximum water surface elevation of 92.03ft. and a peak discharge of
26.82 cfs. The peak discharge is slightly greater than the allowable, further
reduction may be achieved through the design of the barrel.
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FIGURE 6.2-6
Extended Detention and 10-year Flood Control (TRIAL 2) Stage-Storage-Discharge
Worksheet

S R S
| -ar. ext. aet] C
Tarm b T m‘nu.

Qv
ORIFICEQ fd‘!

\\\ \\\\ W

STORAGE
(acfr.)

(1)  Q=0.33(h)"" whereh=wse 81.0ft.
4) Q,=4.39(h)"*> where h=wse 88.8ft
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FIGURE 6.2-7
TR-20 Input and Output Summary - 1-yr. Extended Detention and 10-yr. Flood Control
(TRIAL 2)

w il 80-80 LIST OF INPUT DATA FOR TR-20 HYDROLOGY

JoB TR-20 FULLPRINT SUMMARY
TITLE 001 STORMWATER HANDBOOK EXAMPLE PROBLEM 1: EXTROUTB.DAT
TITLE EXTENDED DETENTION 1 YR STCRM, 10 YR FLOOD CONTROL: TRIAL 2

3 STRUCT 01 —

8 81.0 0.0 0.0

8 82.0 0.3 0.02

8 84.0 0.6 0.14

8 86.0 0.7 0.33

8 88.0 0.9 0.68

8 88.8 0.98 0.50

8 89.0 1.4 0.95

8 90.0 6.9 1.28

8 91.0 15.4 1.75

8 92.0 26.2 2.3

8 93.0 48.9 2.94

9 ENDTSL

6 RUNOFF 1 001 1 .039 7s. 0.35 11 1 1

6 RESVOR 2 011 2 8.0 11 1 1
ENDATA

7 INCREM § 5

7 COMPUT 7 001 01 0.0 2.7 1.0 22 01 01 \-yr sterm
ENDCMP 1

7 COMPUT 7 Q01 01 0.0 5.5 1.0 22 01 02 10O-yr shormw
ENDOWP 1
ENDJOB 2

e END OF 80-80 LIST***

SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED
(A STAR(*) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH
A QUESTION MARK(?) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.)

SECTION/ STANDARD RAIN ANTEC MAIN PRECIPITATION PEAK DISCHARGE

STRUCTURE CONTROL DRAINAGE TABLE MOIST TIME -~ RUNOFF -
ID OPERATION AREA # COND INCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE RATE
(sQ MI) (HR)  (HR) (1IN (HR) (I (FT) (HR) (CFS) (CsM)
ALTERNATE 1 STORM 1
ASECTION 1 RUNOFF .04 2 2 .25 .0 2.70 24.00 WJ6 - 12.17 14.58 376.4
STRUCTURE 1 RESVOR .04 2 2 .25 .0 2.70 24.00 a7 88.58 15.507 97T 24.8
ALTERMATE 1 STORM 2
XSECTION 1 RUNOFF .04 2 2 .25 .0 5.50 24.00 2.83 == 12.10 61.12 1567.1
STRUCTURE 1 RESVOR .04 2 2 ] .0 5.50 24.00 2.86 92.03 12.53 26.82 687.6
B — —_—
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STEP 10 The barrel should be sized to control the flow before the riser structure transitions
from riser weir flow control to riser orifice flow control. Therefore determine the
geometry of the riser and the elevation at which the transition occurs. Also, if
possible, a reduction in the 10-year discharge would be desirable. This is only
possible if an emergency spillway is provided, since a barrel which controls the
10-year flow will be too small to efficiently pass the 100-year flow without a
significant increase in storage volume.

a. Riser flow control: try a 4ft. x 4ft. (inside dimension) square box riser
with 6" wall thickness. Set top of riser at elevation 92.2ft.

WEIR FLOW - Total weir length: 3ft. sides (2) = 6ft., 1.67ft. front; weir length =
7.671t., elevation 92.21t. (riser top weir); weir length = 1.33ft., elevation 88.8ft.
(10-year weir)

QM/ = CM/ L h h
Equation 5-8
Weir equation

0. =3.1(7.67f) () "*
0,=23.8(h) "> Where h = wse - 92.2ft.

Note: The flow measured from elevation 92.2ft. represents the flow over the top
of the riser (weir length 7.67ft.). The flow over the 10-year weir (elevation
88.8ft., length 1.33ft.) is added in the Stage-Storage-Discharge table (Figure 6.2-
8) to provide a total riser weir flow (Refer to Figure 6.2-10). This value will then
be compared to the riser orifice flow capacity calculated below. C,, values for low
head conditions are averaged at 3.1. See Table 5-8: Weir Flow Coefficients

ORIFICE FLOW - Riser structure inside dimensions - 4ft. x 4ft., total riser orifice
area = 16 ft* at elevation 88.8ft.

Q ~ Cay2gh

Equation 5-6
Orifice Equation

O " 0.6(16ft)(2)(32.2)(h)

0=177.03 (h)" where # = wse  88.8ft.
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Add the riser weir flow and orifice flow values to the stage-storage-discharge table, Figure 6.2-

8.

This analysis shows that the riser does not transition from weir flow to orifice flow
within the range of water surface elevations. Therefore, the barrel does not have to
control the flow. However, we want to slightly restrict the 10-year discharge in order to
reduce it to within 5% of the 10-year allowable release rate.

b.

Barrel flow control: upstream invert: 80.75ft., downstream invert: 79.951t., length
= 80ft.; s =1.0%

Start with elevation 92ft., determine the HW/D value to be: (92ft.  80.75ft.) /D
=11.25/D. To provide the most economical pipe size, or as in this case, to
restrict the flow at approximately 26 cfs in (during the 10-year storm) in order to
achieve better 10-year control, set HW/D = 26 cfs and by trial and error, using
Federal Highway Administration (FHA) culvert nomograph: Figure 5-16
(Headwater Depths for Concrete Pipe Culverts with Inlet Control), entrance
condition 1, determine that an 18 in. pipe comes closest to the desired flow:
HW/D =11.25/1.5=17.5 Since the upper limit of the nomograph is HW / D = 6,
use 6, and read Q =25 cfs. Try 18 in. RCP Barrel.

1. Inlet Control Using the above referenced FHA culvert chart (Figure 5-16)
establish the stage - discharge relationship for an 18 in. concrete pipe barrel, (HW

=wse 80.75), and add these values to the stage-storage-discharge table, Figure
6.2-8.

Where the upper limit of the nomograph HW/D values are exceeded, use the
orifice equation to approximate the inlet control flow values:

Q ~ Cay2gh

Equation 5-6
Orifice Equation

O "0.6(1.771t9)/(2) (32.2) (h)
0=28.5(h)" where h=wse 80.75ft.

2. Outlet Control Use Equation 5-10 to establish the stage-discharge relationship
for the 18" concrete barrel as follows:
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0 "a 2gh
19K, %K L

Equation 5-10

Pipe flow control equation

Where: a=1.77ft
h=wse - (79.95 + D/2) =wse - 80.7
Km = Ke + Kb (from Figure 5-9; square end pipe: Ke =

0.5
=0.5+05=1.0
Kp =.0182 (from Table 5.10, 18" pipe, ‘n’ =.013
L=280
0 " L7 2(32.2)(h)
1%1%(.0182) (80ft.)
0=17.64 (h)"* where & =wse  80.75

Add the barrel inlet and outlet control flow values to the stage-storage-discharge
table, Figure 6.2-8.

These flow values indicate the barrel is in outlet control for the entire range of expected
water surface elevations. (The inlet control values are struck out to indicate that the outlet
flow condition controls the discharge). The stage -storage-discharge table indicates that
the barrel controls the discharge at elevation 93ft. and above.

The performance of the 10-year control and barrel hydraulics (Trial 2) can now be checked by
routing the 10-year storm, or the designer may choose to size the emergency spillway first.

STEP 11 The emergency spillway is designed using the procedure outlined in Chapter 5-8 as

follows:
1. 10-year design water surface elevation is 92.03ft. Set the invert of the emergency
spillway at 92.2ft.
2. Q00 =109 cfs [ 10-year weir release (27 cfs) | = 82 cfs
3. Since this is a relatively small facility with a low potential downstream hazard in

the case of an embankment failure, the alternate design using Figure 5-23: Design
Data for Earth Spillways, is used for the design. We want the maximum stage to
be 93ft. which allows for approximately 0.8ft. (use 1.0ft.) of flow through
spillway. From Figure 5-23: h, = 1.0ft. for a design flow of 81 cfs, read b = 36ft.,
Vo = 4.0ft/s, and s, = 3.0%.

max

Add these stage-discharge values to the stage-storage-discharge table, Figure 6.2-8.
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STEP 12 The TR-20 input file and full output file for the routing of the 1-, 10-, and 100-year

storms

through the basin are provided.

STEP 13 Outlet protection is designed using the design procedure presented in Chapter 5-7

(and

STD & SPEC 3.18 in the VESCH) as follows:

Outlet discharges into a channel with a minimum tailwater condition (T,, < 0.5
barrel diameter).

Using Figure 5-20, Q,, = 25.8 cfs and d = 18in., read D5, = 0.8ft. and L, = 22ft.
Use Class Al riprap.

Riprap apron width is to conform to the existing channel geometry to the top of
bank.

The depth of the riprap blanket is 2.25 x 0.9 (Class Al) = 2 ft.

STEP 14 Riser buoyancy calculation (Chapter 5-7) is as follows:

1.

Determine buoyant force:

height: 92.2ft.  80.75ft. = 11.45ft. x (4ft.x 4ft.) = 183 ft’;
base: 6ft. x 6ft. x 1ft. = 36 ft*;

total: 219 ft * x 62.4 1b/ft’ = 13, 678 1b

Downward/resisting force:

volume of riser walls = (11.45ft. x 4ft. x 0.5ft. x 2) + (11.45ft. x 3ft. x 0.5ft. x 2)

=80.5 ft’;

volume of extended back wall = (1ft. x 4ft. x 0.5ft.) = 2 ft’;

volume of base = (6ft. x 6ft. x 1t.) = 36 ft’;

volume of 10-year weir cutout = (3.4ft. x 1.33ft. x 0.5ft.)= 2.3 ft’;

volume of 18in. barrel and 10in. ext detention pipe cutouts = (2.41ft* + 0.78 ft*) x
0.5ft.= 1.6 ft’;

total downward force = volume of concrete x unit weight (1501b/ft%) : (80.5 ft* +

216 43616 23f0 1.6 0) x (1501b/) = 17190 Ib

Safety factor: 13,678 1b x 1.25=17,098 < 17190 Ib Riser OK
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Stage-Storage-Discharge Table
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CHAPTER 6

FIGURE 6.2-9

TR-20 Input and Output Summary - 1-yr. Extended Detention, 10-yr. Flood Control, 100-yr.

Emergency Spillway

sewwwewweweanawswreg(-g0 LIST OF INPUT DATA FOR TR-20 HYDROLOGY***weewawwwwuwawe

JOB TR-20 FULLPRINT SUMMARY
TITLE 001 STORMWATER HANDBOOK EXAMPLE PROBLEM 1: EXTROUTC.DAT

TITLE EXTENDED DETENTION 1 YR STORM, 10 YR FLOOD CONTROL, 100 YR SAFETY

3 STRUCT 01

8 81.0 0.0 0.0

8 82.0 0.3 0.02

8 84.0 0.6 0.14

8 86.0 0.7 0.33

8 8s.0 0.9 0.68

8 88.8 0.98 0.90

8 89.0 1.4 0.95

8 90.0 6.9 1.28

8 91.0 15.4 1.75

8 92.0 5.7 2.3

8 92.2 2.9 2.45

8 93.0 80.8 2.9

8 94.0 241.8 3.81

9 ENDTBL

6 RUNOFF 1 001 1 .039 75. 0.35 11 1 1

GRESVOR 2 011 2 81.0 R
ENDATA

7 INCREM 6 .25

7 COMPUT 7 001 01 0.0 2.7 1.0 22 01 01 | -yr shorm
ENDCMP 1

7 COMPUT 7 001 01 0.0 5.5 1.0 22 01 02 \0-yr Storemn
ENDCMP 1

7 COMPUT 7 001 01 0.0 8.0 1.0 22 01 03 \00-yr Storm
ENDCMNP 1
ENDJOS 2

SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED
(A STAR(*) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH
A QUESTION MARK(?) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.)

SECTION/ STANDARD RAIN ANTEC MAIN PRECIPITATION PEAK DISCHARGE
STRUCTURE CONTROL  DRAINAGE TABLE MOIST TIME  ===-=s=ssccccccccaccccncs RUNOFF  =s=scs=sesissssssssrsssosssssssencvnns
10 OPERATION AREA # COND [NCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION  TIME RATE RATE
(sa MDD (HR)  (HR) (1N (HR) (IN) (FT) (HR) (CFs) (CsM)
ALTERNATE 1 STCRM 1
XSECTION 1 RUNOFF .04 2 2 .25 .0 2.70 24.00 .76 w== 12.17 14.58 376.4
STRUCTURE 1 RESVOR .04 2 2 .25 .0 2.70 24.00 J7 88.68 15.50? 972 24.8
ALTERNATE 1 STORM 2
XSECTION 1 RUNOFF .04 2 2 .25 .0 5.50 24.00 2.83 s=s 12.10 61.12 1567.1
1 .04 2 2 .25 .0 5.50 4.00 - . .56 .
STRUCTURE RESVOR 5 2 2.87 ﬂ 12.5 25,83 662.3
ALTERNATE 1 STORM 3
XSECTION 1 RUNOFF .06 2 2 .25 .0 8.00 24.00 4.99 e 12.09 108.87 27m91.7
STRUCTURE 1 RESVOR .04 2 2 .25 .0 8.00 24.00 5.10 93.06 12.30 90.54 2321.6
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STEP 15 Anti-seep collars, rather than a drainage blanket, will be used on this facility since
it is a dry facility. Anti-seep collars are designed using the procedure outlined in
Chapter 5-7 as follows:

1. Length of barrel within saturated zone:
S
L=Y(Z+4) 1+ "025-8

Equation 5-11
Barrel Length in Saturated Zone

where: Y=92.13ft. 81.0ft. = 11.2ft.
Z=3H:1V;=3
S=1.0%
.01
L,=11.2(3+4)"1+70.25-.01
L, = 81ft.
OR

Extend a line at 4H:IV from the 10-year water surface elevation at the upstream face of
the embankment downward until it intersects the barrel. The resulting point on the barrel
measures approximately 81ft. From the low flow headwall.

(Ly) (0.15) = (811t.) (0.15) = 12.1ft.

For an 18in. (1.5ft.) diameter barrel: 4ft. + 1.5ft. = 5.5ft.

Projection = 4ft.

Number of collars = 12.1 / 4 = 3 collars. Only two collars are desired: use
a 6ft. projection 6ft. + 1.5ft. = 7.5ft. collars. 12.1/6=2. Use 2 - 7.54t.
collars

i
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FIGURE 6.2-10
Riser Weir and Trash Rack - Perspective

Provide hinged acces on
/first 3 bars

/

Place manhole
steps on side
w/ hinged access

Proposed embonkment—/
grade

No Scale

c:\6_02-1a
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FIGURE 6.2-11
Riser Detail - Section

Provide hinged trash rack
on one side of riser

for access
Trash rack

93.06

~7100—-yr WSE

—|

— ||l

= Riser crest el.
T =92.2

92.13

7 10-yr WSE

1—yr Extended det
AV WSE = 88.68

~—4' x 4' Ingide dimension

Inv.=
Standard VDOT
endwall Typical reinforcing
connection — riser
\ waterstop
Typical key &
Note: waterstop
Riser and footing reinforcing
not shown
c:\6_02-1¢c
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FIGURE 6.2-12
Principal Spillway - Profile

Constructed topof embankment=95.3

Settled top of embankment = 94.0

Riser crest gl;\é A _____ __ Emergency spillway elevation = 92.2
Weir elev. —— Assumed phreatic line 4H:1V
88.8

20 LF 10" RCP
at 1.0% Outlet protection

22 1. class Al riprap

@ 0.0% over filter fabric

Cut off dsp—0.9'

trench blanket thickness = 2.0'

c\6_02-1b
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EXAMPLE 6.3

INTRODUCTION:

A 90.2 acre site is to be developed into an office park. Perimeter portions of the site are composed
of steep slopes adjacent to two small tributaries which bound the site. Local zoning and Resource
Protection Ordinances restrict the development to the upper, relatively flat center of the property.
(This restriction is does not necessarily limit the development since the engineering costs of
developing on the steep slopes, as well as minimizing the environmental impacts, would be
prohibitive.) The site consists of soils with a moderately high runoff potential (Hydrologic Soil
Group C) with no existing impervious cover.

The proposed buildings, parking lots, and other infrastructure are located on the site such that the
developed condition is drained by three outfalls. These outfalls drain into the adjacent stream
channels at the naturally occurring drainage paths from the site. The local stormwater management
(SWM) program requires that all three components of stormwater management, water quality,
stream channel erosion, and flooding, be investigated. This example will illustrate the application
of these components, including a discussion of the Performance-based and Technology-based water
quality criteria.

GIVEN:

The pre- and post-developed hydrology for the site is presented in Table 6-3.1. The drainage areas
are measured to the proposed study points which have been located at the downstream limit of the
potential BMP locations.

FIND:
Evaluate the BMP options and select the combination which best serve the proposed development.
SOLUTION:

The implementation of stormwater BMPs should be considered during the initial stages of the site
design. An evaluation of the stormwater requirements prior to site design will allow the engineer to
identify potential BMP locations and provide the most efficient alignment of the drainage
infrastructure so as to enhance the use of natural drainage ways to convey stormwater runoff. (The
internal drainage systems must satisfy the Erosion and Sediment Control, MS-19 criteria for channel
adequacy.) Once the preliminary site design is completed, the engineer can calculate the water
quality volume, pollutant loadings, peak rates of discharge, and channel capacities in order to
finalize the BMP strategy for the site.
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The most efficient method of evaluating the BMP requirements for a development site is one based
on a hierarchy of potential impacts to the site design. This method would start with an evaluation
of the flood component requirements since it is potentially the most land intensive component with
regard to storage volume. In some cases the stream channel erosion component may require the
largest storage volume. In either case, the analysis of the downstream conditions will determine the
level of detention required to comply with either of these components. Water quality requirements,
on the other hand, may be addressed with smaller BMPs or incorporated into the design of the
detention structures required by the flooding or stream channel erosion components.

Table 6.3-1
Hydrologic Summary
TR-55 Graphical Peak Discharge Method

Condition Area
(acres)

Pre-dev 90.2

Post-dev 90.2

Pre-dev 9.79

Post-dev 16.16

Pre-dev 26.61

Post-dev 26.39

Pre-dev 2.65

Post-dev 2.65

Flooding

An analysis of the downstream receiving system must be performed in order to evaluate the flood
way conveyance capacity of the of the two tributaries adjacent to the site as well as the downstream
channel. The Virginia SWM Regulations (4VAC3-20-85) require that downstream properties be
protected form damages from localized flooding due to increases in volume, velocity, and peak flow
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rate of stormwater runoff by detaining the 10-year post-developed peak rate of runoff and releasing
it at the pre-developed rate. There is also a provision which allows an alternate criteria based upon
geographic, land use, topographic, geologic factors or other downstream conveyance factors as
appropriate. In this case, the local government has a Flodplain Management Ordinance in place
which has restricted development within the flood way of the tributaries and the downstream
channel. The analysis of the flood way reveals that there is sufficient capacity to convey the ultimate
development condition runoff within the flood way, and that there is no existing development (or
structures) within the flood way for the entire downstream reach to the confluence with the river.

Flood control (10-year storm) is not required in this case.

Stream Channel Erosion

The Virginia SWM Regulations (4VAC3-20-81) require that properties and receiving waterways
downstream of any land development project be protected from erosion and damage due to increases
in volume, velocity, and peak flow rate of stormwater runoff. A rigorous analysis of the downstream
channel is required in order to verify the adequacy for conveying the post-developed runoff. The
following items were completed for each channel in order to adequately verify the analysis:

1. Channel geometry - A minimum of three surveyed cross-sections were taken ata minimum
spacing of 50" along the channel length downstream of the discharge point.

2. Channel lining - A sample of the channel lining was collected and analyzed to determine
the composition relative to the permissible velocities found in Table 5-22 of the Virginia
Erosion and Sediment Control Handbook.

3. Channel slope - Relative elevations were taken along the channel length at the channel cross
sections in order to determine the average longitudinal slope of the channel.

4. Channel Inspection - The channel was physically inspected by walking the length to verify

that there are no significant changes or obstructions such as undersized culverts or other
“improved” restrictions which may restrict the flow and cause it to jump the banks or
increase in velocity to an erosive level.

The channel analysis indicated that the post-developed condition runoff would cause an erosive
condition in specific sections of the channel where the flow area narrows considerably. In addition,
the physical inspection verified that several of these narrow areas as well as several bends are
already experiencing some erosion under existing runoff conditions. Some of the options considered
include:

1. Channel improvements - Channel improvements are is ruled out due to poor access
conditions to the channel. Significant clearing would be required to not only gain access but
also to maneuver construction equipment adjacent to the channels. Some possibilities do
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exist for hand placed bioengineering stabilization of the eroded portions of the channel.
Alternative site design - Several alternate site configurations were evaluated in an effort to
reduce the impervious cover, disconnect the impervious cover from the drainage system
(disconnecting impervious cover include discharging roof down spouts into dry wells or into
sheet flow conditions over pervious areas, placing grass or landscaped buffer strips between
impervious surfaces and the improved drainage structures and conveyances), and create
small pockets in which to detain runoff in an effort to increase the hydrologic flow time and
decrease the peak rate of runoff from the site. While these efforts did result in some
significant reductions in post-developed runoff, the resulting peak rate was still determined
to be too high for the stream channels to convey in a non-erosive manner.

N

[98)

Combination of channel improvements, site design, and detention - The hydrologic
analysis of the post-developed condition with the various alternative site designs and 24 hour
extended detention of the runoff from the 1-year frequency storm yielded a peak rate of
runoff significantly less than the runoff from the pre-developed condition 2-year storm.
Further analysis indicated that the statistical occurrence frequency of the post-developed
condition peak runoff equivalent to the pre-developed 2-year peak runoff occurs less than
once in 5 years. This means that, according to the statistical analysis, it would take a five
year frequency storm event to generate the pre-developed 2-year peak rate of runoff leaving
the site.

Alternative 3 was selected in order to attempt to stabilize the natural channels adjacent to the site.
Extended detention basins designed to detain the runoff from the 1-year 24 hour storm will be placed
in drainage areas 1 (DA-1) and 2 (DA-2).

Water Quality

The designer must select either the Performance-based or Technology-based water quality criteria.
The technology-based criteria considers the drainage area size and impervious cover draining to a
BMP to establish the best available technology (BMP) for the drainage area or site being evaluated.
The performance-based criteria uses the percent impervious cover of the site to calculate a total site
pre- and post-developed pollutant load. The engineer then implements a BMP strategy which
satisfies the total site pollutant reduction requirement.

Since the Performance-based water quality criteria allows for overall site compliance, it is not
always necessary to place a water quality BMP in each drainage area on the site. DCR recommends,
however, that the engineer evaluate the potential pollutant loading based on the amount of
impervious cover and the concentration of that cover. In other words, if the impervious cover is
concentrated, or located such that an improved drainage system is collecting the runoff, then the
implementation of a water quality BMP(s) should be implemented for that area. This is the preferred
solution, rather than placing a BMP in one drainage area, satisfying the performance-based total site
pollutant removal requirement for the site, and then ignoring the other drainage areas and their
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associated impacts on downstream water quality. The key to the successful implementation of this
recommendation is a menu of available, cost effective, and low maintenance BMPs. The menu of
BMPs found in Table 1 of the SWM Regulations, as well as the several new and innovative BMPs
currently available, provide several low cost options. This is one of the strategies of Low Impact
Development: relatively small and maintenance free BMPs to control small portions of the
development area in landscaped settings in addition to development strategies which effectively
reduce the impact of the impervious area on the runoff from the site. (Refer to the references found
at the end of Chapter 2 for more information on Low Impact Development.)

This example illustrates a development scenario in which the percent impervious cover
determination for the performance-based criteria plays a significant role in the BMP strategy. The
percent impervious cover for the property is low (15.73 acres of impervious cover on a 90.2 acre
site: 17% impervious cover). The percent impervious cover for the individual drainage areas to the
potential BMP locations, however, is much higher (a total of 45.2 acres at 35% impervious cover).
As discussed in Chapter 2, one of the effects of using impervious cover as a regulatory water
quality yardstick is to encourage the minimization of impervious cover and the preservation of green
space and environmentally sensitive areas. In this example, the total impervious cover is limited to
17% of the site.

When using the performance-based criteria the derived benefit of such a low percent impervious
cover is aminimal pollutant removal requirement. This minimal removal requirement illustrates the
discussion above: a BMP placed in one of the drainage areas will most likely satisfy the removal
requirement for the site, and the remaining drainage areas could be left uncontrolled for water
quality. It stands to reason, however, that the highly concentrated impervious cover found within
the other drainage areas will have a significant impact on the water quality of the adjacent streams.
The use of the entire site to determine the percent impervious cover does not accurately reflect the
changes to the land use. Therefore, when using the performance-based criteria for large
development parcels, DCR recommends that the percent impervious cover be calculated by
using the drainage areas or an established planning area. In this example, a planning area
may be established which consists of the portion of the site which is able to be developed.

A planning area is defined as a designated portion of the parcel on which the land
development project is located. Planning areas shall be established by delineation on a
master plan. Once established, planning areas shall be applied consistently for all future
projects.
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The water quality requirements in terms of pollutant load removal are calculated using the
Performance-Based Water Quality Calculations: Worksheet 2 provided in Appendix 5D, and
summarized below:

TRIAL 1: Entire site.

STEP 4: Equation 5-16
L =10.05+ (0.009 x _16% )] x _90.2 ac. x2.28 = _39.9 pounds per year

pre(watershed)

STEP S5: Equation 5-21
Lot = [0.05+(0.009 x 17.4% )] x _90.2 ac. x2.28 = _42.5 pounds per year

n

TEP 6:
RR = 42.5 39.9 = _2.6 pounds per year

N

TEP 7:
EFF = (_2.6 +_425 )x100 = _6.1%

If a BMP could serve the entire site, then a removal efficiency of 6.1% would be required. Since
this can not be done, a minimum of 2.6 pounds of phosphorus must be removed from any one or
combination of the drainage areas of the developed portion of the site.

TRIAL 2: Planning area consisting of the developable area of the site: 45.2 acres

STEP 4: Equation 5-16
L =10.05+ (0.009 x _16% )] x _45.2 ac. x2.28 = _20.0 pounds per year

pre(watershed)

STEP S5: Equation 5-21
Lot = [0.05+(0.009 x35.0% )] x _45.2ac. x2.28 = _37.6 pounds per year

RR = 37.6 20.0 = _17.6 pounds per year

(1)EFF = (_17.6_ + 37.6 )x 100 = _468%

When considering the whole site (90.2 acres at 17% impervious cover), the pollutant removal
requirement is 6% of the post-developed load (or 2.6 lbs of phosphorus) as calculated in Trial 1.
When just the drainage areas to the BMP locations are considered (45.2 acres at 35% impervious
cover), the pollutant removal requirement is 46.8% of the post-developed load (or 17.6 lbs of
phosphorus).
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Continuing with TRIAL 2, STEP 7:
(2.) Select BMP(s) from Table 5-15:
BMP 1: DA 1 - 16.16 ac.: Extended Detention (2xWQV) - 35% eff.

BMP 2: DA 2 - 26.39 ac.: Retention Basin III (4xWQV) - 65% eff.
BMP 3: DA 3 - 2.65 ac.: Bioretention Basin - 50% eff.

(3.) Determine pollutant load entering BMPs:

Lgypr = [0.05+(0.009 x _36% )] x_16.16 ac. x2.28 = _13.8 pounds per year
Lgyp, = [0.05+(0.009 x _35% )] x26.39ac. x2.28 = _22.0 pounds per year
Lgyps = [0.05+(0.009 x _19% )] x _2.65ac. x2.28 = 1.3 pounds per year

(4.) Calculate the pollutant load removed by BMPs:

Liemovesmmpr = =39 % _13.8 = _4.83 pounds per year
Liemoveammpz = 05 x _22.0 = _14.3 pounds per year
Ly emoveammps = =20 x _ 1.3 = _0.65 pounds per year

(5.) Calculate the total pollutant load removed by the BMPs:

L 483 +_ 143 +_0.65 = _19.78 pounds per year

removed/total =

Several other combination of BMPs will satisfy the removal requirements of TRIAL 2 of this
example. Since both drainage areas 1 and 2 require stream channel erosion protection, and an
aesthetic retention pond was desirable as a focal point of the office setting, the combination
presented above was selected. The dry storage above the permanent pool, as well as the storage
above the water quality extended detention volume, are both to be designed to provide extended
detention of the runoff from the 1-year 24 hour storm for stream channel erosion control.
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