Mercer County Soil Conservation District

N
ydrology
Tr-55 vs. MRM
\ By: Paul Schiariti, P.E., CPESC




Rational Method Equation:

Where:

Q = The Quantity Flow Rate in CFS
C = Dimensionless Runoff Coefficient
| = The Rainfall Intensity in In / Hr
A = The Drainage Area in Acres
APF = Antecedent Precipitation Factor

How do you get Q in CFS, when you are multiplying In / Hr x Ac?
It would seem that the math would equal In-Ac / Hr.

Lets convert In-Ac/Hr to CFS:

The degree of accuracy does not warrant a units conversion factor (constant) of
1.008!




Rational Method Runoff Coefficients

TAELE 7.1 TYPICAL RUNCOFF COEFFICIENTS (C WALUES) FOR 100-YEAR FREQUENCY
STORM

Rational Method Runoff Coefficients

Type of Development

Runoff Coefficients

HYDROLOGIC SOIL GROUP
LAND-USE DESCRIPTION A B C o
Cultwated land
without consereation treatment D40 06T 0.81 0LEB
with consereation treaiment 27 043 0.81 067
Pasture or rangs land:
poor condition 038 063 0.7a 0.E4
good condiion MA& 025 0.51 1Y :14]
Weadow: good condition MA A& 044 et
‘Wood or forest land:
thin stand, poor cover, no mulch MA A& 0.58 ore
good cover MA A 0.45 [ila]
Dpen spaces, lawns, parks, golf courses, cemeteries
good condiion, grass cover on 75% or more of area MA 025 0.51 0ES
fair condition. grass cover on S0-75% of area MA& 045 0.83 074
Commercial and business areas
[85% impendous) 054 0.0 0.23 0.BE
Industrial districts (729 impervicus) DLET o.e1 0.88 ez
Residents
Ayerage mpenious
116 acre B5% .58 076 0.8a 080
14 acre 3B% 0.25 055 0.70 08D
113 acre 0% MA 048 0.87 078
112 acre 25% MA 045 0.85 0.76
1 acre 20% MA 041 0.3 0.74
Paved parking lots, roofs, driveways, eic. p.ag o.ae 0.2g o.ee
Strests and roads:
paved with curbs and storm sewers D.ag 0.ae 0.28 o.ee
gravel 0.57 0,76 0.24 0.BE
dirt 048 0G5 0.80 084
NOTE WA denoizs Infarmatian |5 not avallable; design engineers should raly on another auhorabive soume
SOURCE chnica! Menua! for Land Uise Reguiation Program, Department of Enviranmental Protection, Bursaus of
niand and Coastal Regulatons, Siream Encroachment Pemlis (Trenton, Mew Jersey. revised Seplember
1205), p. 12

Business

Downtown 0.70t0 0.95

Neighborhood 0.50t0 0.70
Residential

Single family 0.30 to 0.50

Multi-units (detached) 0.40 to 0.60

Multi-units (attached) 0.60t0 0.75
Residential (suburban) 0.25t0 0.40
Apartment 0.50t0 0.70
Industrial

Light 0.50t0 0.80

Heavy 0.60t0 0.90
Park, Cemeteries 0.10 to 0.25
Playgrounds 0.20t0 0.35
Railroad Yard 0.20t0 0.35
Unimproved 0.10 t0 0.30
Character of Surface
Pavement

Asphalt and Concrete 0.70 to 0.95

Brick 0.70t0 0.85
Roofs 0.75t0 0.95
Lawns, Sandy Soil

Flat 2% 0.05t0 0.10

Average 2% to 7% 0.10t0 0.15

Steep 7% 0.15t0 0.20
Lawns, Heavy Sail

Flat 2% 0.13t00.17

Average 2% to 7% 0.18 t0 0.22

Steep 7% 0.25t0 0.35

Source: Design and Construction of Sanitary and Storm Sewers, American Society of Civil Engineers
and the Water Pollution Control Federation, 1969,




Rational Method Runoff Coefficients

~esidenta
Average oisize  Average mpendous
16 acre G5% 0.540 076 0.28 0
114 acre 6% 0.25 0.55 070 | (@.80)
113 acre 30% A 048 0.87 T
112 acre il MA 045 0.85 076
1 acre 205 A 041 0.83 0.7

Y, Acre Single Family Dwelling with 38% Impervious Surface Coverage in HSG “D”
would have a Runoff Coefficient of 0.80 from the above table, and a maximum of 0.50
from the table below.

Residential
Single family 0.30 t
Multi-units (detached) 0.40 to 0.60

Multi-units (attached) 0.60t0 0.75
Residential (suburban) 0.25t00.40
Apartment 0.50t0 0.70

Depending upon the source of the Coefficients, there can be

a significant amount of variability!



Time of Concentration Nomographs

Figure 7.1

TIME OF CONCENTRATION

Example

Height =100 ft

Length = 2000 ft.

Time of Conceniration = 14 Min.

M) HIFT.] T (MM

;" - Compare the results from
m—f w e S nomographs with the

: e, W BB segmental T. method
= s H= contained within TR-55.
: L = If the difference
s I S adversely effects the

MNotes:

Use Momaograph T, for natural basins with well-defined channels, for overland or bare earth, and for
mowed grass roadside channels.

Far owerland flow, grassed surfaces, multiply T, by 2.
Far owerland flow, concrete or asphalt surfaces, multiply Te by 0.4,

Far concrete channels, multiply Te by 0.2 overland flow.

Based on & Stugy by PZ. KImich, Civl Engineaning, Vol 10, No.6. June 1940, p. 362,



Rainfall Intensities Based upon I-D-F Curves

FIGLURE 7.2 RAINFALL INTENSITY CURVES
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entering the Log- Log
nomograph with the
Time of
Concentration along
the abscissa,
Intersecting the Storm
Return Period Curve,
and proceeding

As the T goes up,
the “I” goes down.



But what is the Modified Rational Method (MRM) ?

10 YEAR RECURRING INTERNAL HYDROGRAFH

FOR RAINPFALL PERIOD OF VARIOUS DURATTION

“ . /F:-uqu.u-ad Critical Storm Duration
Ihlﬂ-“
X l X 3r \ \\ Z -

TIHE M WEHITES

A series of “Trapezoidal” shaped hydrographs are created for different Storm




MRM Maximum Storage Volume Calculations

Third step. Construct a series of ydrographs for each selected duration of the storm as shown in figure A9, 1, Modified
Rational Method Hydrographs. The estimated crithcal siorage fior this sife is 83,8358 cubic feet. Since the inflow volume
must equal the outllow volume of 98,794 cubic feet, the time to the end of the release rate is 30.1. To reach zero
outflow approximately 0.5 hours must be added so the iotal dewasering time will be sbout 30.3 hours. The cutflow
hydrograph reaches maximum flow at the imersection with the falling imb af the hydrograph resahing from a storm
with a derston equal o the time of conceniration.

Duration Indensicy Peak Volume T Required
of I Flow af Flow Sworage
Storm {mfhr) Q RumaiT Valume Volume
[hrj] {cfa) (eufi) ficuft) {ouft)
(1 (Z) (3) (&) 3 6}
.25 45 309 15,525 128 35,07
0,50 14 ZB3 50,804 1 656 49238
075 2.7 2.5 B, 624 2484 58, 4D
1.00 11 19.1 63,856 32 63, 544
1.50 1.7 14.1 76,341 4 BGE 11373
2.10H) 1.4 1.6 £3,825 6,524 1201
300 1.1 ol 98, 704 0036 BE 5% =< Mn:nnun Stor
Vialusme Iil.-l:-l.|:||rﬁE
1.3 0.9 1.5 94,303 11,592 BTl

Calamn (1) Peak Flow =0 =¢ [ a
examphe : 0.7 X 4.8 X 11.88 = 39.9 cfs

Ciohemn (4) Rusiofl Valisme = Q (ool 3) X Duration of Sioem
{col. 1) X 3600
cxample @ 399 ¢ X 0.25 hrs X 3600 = 33,925 cuft

Codumn (3) Belease Volume =092 ¢fs X Duration of Storm
{cod. 13X 3600
cxample ; 0,92 X 0025 X 1600 = B28 cuft

Cohamn (6) Required Storage = RunofT Volume (col 4) - Release
Volume (ool 5)
example : 15 925 - §2§ = 35,007




Compare Rational Method Hydrograph to a TR-55
Hydrograph (Pre-Dev.)

T. = 0.50 hours

Land Use = Meadow In Good Condition,
HSG - C

Runoff Curve Number = 71 (TR-55)
Runoff Coefficient = 0.44 (MRM)
10 Year Storm

What is the difference between Runoff




Comparison between TR-55 and Rational Method

Hydrographs — TR-55 (Pre-Dev.):

WinTR-55 Small Watershed Hydrology WlinTR-56 Output Hydrograph Project: Exa,ple 11/29/2008
Praject |dentification Data Subarea: (Pre-Dev.) Storm: 10-Yr
User: |DS State: |Ne,w Tersey j <new files
Project: |Exq,p|e, County: |Mercer j . . . . . . . ! ! ! ! !
Subtitle: | Execution Date: 11/22/2008 E E E E E E E — Pre -l (Cf5)
ST e B Dimensionless Unit Hpdrograph: |« standards j : : : : : : : : : : : :
& Acres : : : : : : : : : : : :
¢ Square Miles Storm Data Seurce: User-provided custom storm data ! ! ! ! ! ' ' ' , , , ,
Rairfall Distribution 1dertifier: Type TTT , , , , , , , , , , , ,
Sub-area Entry and Summary i i i i i g i i i i i i
- TN P o o o S L |} - [ L o o o '
Sub-area Name ‘ Sub-area Description Su;;;eh?g;:;h Area (ac) We;gr\l;de,d‘ Te (hr) ‘ _ :r ? -E -E -E , , E— :r :F ? -E
Pre_Dev, Outlet =| 1000 71 0.500 m ‘ ‘ ‘ ‘ ‘ | ‘ ‘ i i i i
o ' ' ' ' ' ' ' ' ' ' '
E ' ' ' ' ' ' ' ' ' ' '
o ' ' ' ' ' ' ' ' ' ' '
e ' ' ' ' ' ' ' ' ' ' '
QPEAK = 14.03 cfs ! ! ! ! ! ! ! ! ! ! !
PEAK m £ S SRS AU JURS US W  O AN SRS SR S S
WinTR-20 Printed Page File : : : = : F X\ ' : + &
f Exa,ple ! A L N !
no project subtitle provided ' ' ‘ ‘ ‘ ‘ i i i : i i
; ; ; ; ; ; ; ; ; ; ; s
Hame of plinted page file: 2 4. a. g 10. 12. 14. 16. 18. 20. 22 24
TE20 . out T 1 M E {hrs)
STORM 10-¥r
Area or Drainage ERain Gage Bunoff @ ---—-———-———- Peak Flow ——-
Reach Araa IO or ount Elevation Time Rate
Identifier (29 mi) Location im} {Et) {hr) {cfa)

Pra-Dew. 0.016 12.38 14.03



Comparison between TR-55 and Rational Method
Hydrographs — Rational Method (Pre-DeV.):

Flow Rate in CFS




Comparison between TR-55 and Rational Method

Hydrographs (Pre-Dev.)

Tr-55 Rational Difference
Qpeax  14.03 cfs 14.08 cfs Negligible
Tpeaxk 12.38 Hrs.  0.50 Hrs. Significant

Vol. 76,775cf 38,020 cf Significant




Compare Modified Rational Method (MRM)

Hydrograph to a TR-55 Hydrograph (Post-Dev.)

Drainage Area = 10.0 Acres
T- =0.20 hours
Land Use = Industrial, HSG - C
Runoff Curve Number = 91 (TR-55)
Runoff Coefficient = 0.88 (MRM)
10 Year Storm
Pre-Development Q peax 10 year = 14.03 cfs




Comparison between TR-55 and Rational Method
Hydrographs — TR-55 (Post-Dev.):

WinTR-20 Printed Page File

Area or
Reach

Drainage Rain Gage Peak Flow

Arez IO or Elevation Time Rate
ITdentifier (3q mi) Location {im} {(EFt) {hr) {cEa) {cam)
Post-Dew. 0.01& 3.880 12.11 38 .48 2450.78

Project: Example 1112972008

Subarea: (Post-Dev.) Storm: 10-Yr
<new file=

R ERCEEECEEEEEEREE Ty P BEEEEPTEPEE T
i . . ; ; .

i : : : : : i i i i i
. : : : : : . : : : :
L Rh GEEELEEEEEPE TR EEEEET TEEEEPEPPPEEPEERE R etCEEt EEPTES:
i : : : : : i : : : :

Qpeak = 38.46 cfs
Teeak = 12.11 Hours

-------------------------------------

Flow {cfs)

i i i i i
- i i i i i
o1 B e S E TS e TS S e

—————————————————————————————————————

_____________________________________

------------------------------------

2. q. 8. B, 0. 12
T I M E {hrs)

14, 16 18, 20, 22 24,



Comparison between TR-55 and Rational Method
Hydrographs — Rational Method (Post-Dev.):

MRM Hydrographs to Compute Maximum Storage Volume

45.000

40.000

35.000

30.000

25.000

——Inflow Hydrograph

— Dutflow Hydrogra
20.000 YCograp

Flow Rate in CFS

15.000

10.000

5.000

0.000

0 30 60 90 120 150 180 210 240 270 300 330 360 380 420 450 480

Time in Minutes



Comparison between TR-55 and Rational Method
Hydrographs — Rational Method (Post-Dev.):

IRM Maximum Required Storage Volume Computations

Pre-Development Inflow Hydrograph to Establish Allowable Release Rate:

Post-Development Hydrograph to Compute MEM Values:

Example

Post Sub-Area 1

Storm Event Analyzed:

Maximum Required Storage Volume in CF:
Pre - Development Values:

Pre-Development Peak Flow Rate [Allowable Release Rate) in CFS:

Pre-Development Release Volume in CF:

Post - Development Values:

Post-Development Peak Flow Rate for the Maximum Storage Volurme in CFS:

Post-Development Runoff Volume for this Peak Flow Rate in CF:

Storm Duration for this Volurne in Minutes:

Storm Intensiy for the Maximum Duration in Inches per Hour:

Total Time of MRM Hydrograph in Minutes:

Time of Concentration in Minutes:

10 Year Storm

26534.78

14.08

15207.87

38.65

41742.65

18

4.392

24




Comparison between TR-55 and Rational Method

Hydrographs (Post-Dev.)

Tr-55 MRM Difference
Qpeax  38.46 cfs 38.65 cfs Negligible
Tpeaxk 12.11 Hrs.  0.10 Hrs. Significant

Vol. 144,474 cf 41,743 cf Significant




Comparison between TR-55 and Rational Method
Hydrographs — Rational Method (Post-Dev.):

Hydrograph
Post Sub-Area 1
P

Peak Flow Rate in CFS { 58_960)

Hydrograph Volume in CF = 31838.40

Time to Peak in Min_. = g
Total Time of Hydrograph in Min. = 18

Storm Event = 10 Year

60.000

50.000 ~

40.000

30.000

Flow Rate in CFS

20.000

10.000

0.000

0 30 60 90 120 150 180 210 240 270 300 330 360 390 420 440 480

Time in Minutes




How do the two (2) methods compare

when the drainage area is smaller?

Drainage Area = 2.0 Acres
T- =0.40 hours
Land Use = Pasture in Good Condition,
HSG - B
Runoff Curve Number = 61 (TR-55)
Runoff Coefficient = 0.25 (MRM)
100 Year Storm
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Comparison between TR-55 and Rational Method
Hydrographs — Rational Method (Pre-DeV.):

Flow Rate in CFS
= = - (2% a3 )
2] =] 2] = o =
=1 = =1 =] = =
= = = = = =
-""-|—|—|-._|I
-——u—________




Comparison between TR-55 and Rational Method

Hydrographs (Pre-Dev.)

Tr-55 MRM Difference
Qpeax 5.37 cfs 3.26 cfs Significant
Teeak 12.30 Hrs.  0.40 Hrs. Significant

Vol. 26,608 cf 7,042 cf Significant




How do the two (2) methods compare

when the drainage area is smaller?

Post-Development:
Drainage Area = 2.0 Acres
T- =0.10 hours
Land Use = Commercial & Business,
HSG - B

Runoff Curve Number = 92 (TR-55)
Runoff Coefficient = 0.90 (MRM)
100 Year Storm




between TR-55 and Rational Method

Hydrographs — TR-55 (Post-Dev.)

ISON

Compar

Example

no project subtitle provided

Hame of printed page [ile:

TRZ20 . out

STORM 100-Yr

Peak Flow ————-——————-

Time
{hr)

Rain Gage Buncf £ ————————————

Drainage

Rate
{cam)

Rate
{cEa)

IO or Amount Elevation

Area

{EE)

Location {in)

{3qg mi)

Identifier

13.55 4328. 69

1z2.10

7.323

0.003

11/29/2008

Project: Example
Subarea: (Post-Dev.) Storm: 10-Yr

1-55 Output Hydrograph

Past-Dev. (cfs)

<new fie=

Coooohaaon ol oo oo

D e | e | PSP P PP P S

- ---r-——---1------

L
v
'
'
'
'
'
'
'
[-~~ "~ 1T-~"~~~-3~~~~~"~~==-=71-----°3=----

Teeak = 12.10 Hrs.

Volume

a8

£
4

(s)a) o)

53,165 cf

g3+

T I M E {hrs)




Comparison between TR-55 and Rational Method
Hydrographs — Rational Method (Post-Dev.):

MRM Hydrographs to Compute Maximum Storage Volume

10.000

9.000

g.000

7000

6.000

5.000 —— Inflow Hydrograph
—— Outflow Hydrograp

Flow Rate in CFS

4.000

3.000

2.000 1«

1.000

0 30 G0 80 120 150 180 210 240 270 300 330 360 390 420 450 4380

Time in Minutes




Comparison between TR-55 and Rational Method
Hydrographs — Rational Method (Post-Dev.):

MEM Maximum Reguired Storage Volume Computations

Pre-Development Inflow Hydrograph to Establish Allowable Release Rate:

Storm Bvent Analyzed:

Maximum Required Storage Volume in CF:
Pre - Development Values:

Pre-Development Peak Flow Rate (&llowable Release Rate) in CFS:

Pre-Development Release Volume in CF:

Post - Development Values:

Post-Development Peak Flow Rate for the Maximum Storage Volume in CFS:

Post-Development Runoff Volume for this Peak Flow Rate in CF:

Storm Duration for this Volume in Minutes:

Storm Intensity for the Maximum Duration in Inches per Hour:

Total Time of MRM Hydrograph in Minutes:

Time of Concentration in Minutes:

Post-Development Hydrograph to Compute MREM Values:

Example

Post Sub-Area 1

100 Year Storm

13399.62

3.26

7041.60

9.46

20441.22

36

4.206

42




Comparison between TR-55 and Rational Method

Hydrographs (Post-Dev.)

Tr-55 MRM Difference
Qpeax 13.55cfs 9.46 cfs  Noticeable / Significant
Tpeak  12.10 Hrs.  0.10 Hrs. Significant

Vol. 53,164 cf 20,441 cf Significant




Summary:

areas.

Runoff Volumes are significantly different for
the two methods, (Rational / MRM volumes
can be 3 to 4 times less then TR-55 volumes).

The Time to Peak is significantly different for
both methods.

Rational / MRM Peak Flow Rates can be
significantly different from TR-55 for smaller
drainage areas.

A detention basin will be significantly smaller




