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Module 10

GRAPHICAL PEAK DISCHARGE METHOD (TR-55)

Plan Reviewer for Erosion and Sediment Control



Module 10 Contents

10a. Urban Hydrology for Small Watershed
(TR-55)

10b. TR-55 Peak Discharge Method

10c. Tabular Hydrograph Method



Module 10a.

Urban Hydrology for Small Watersheds
(TR-55)



Urban Hydrology for Small Watersheds
(TR-55)

 NRCS publication Technical Release
Number 55 (TR-55): Urban Hydrology for
Small Watersheds, 2nd edition (June 1986)

 Win TR-55 user guide (2009)
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Module 10b.

TR-55 Peak Discharge Method



Peak Discharge

TR-55 presents two methods for

estimating peak discharge
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Graphical Peak Discharge Limitations

* Watershed must be hydrologically homogeneous
(uniform distribution of land use, soils, and cover) —
represented by one CN

 Only one main stream in watershed (can be applied
to multiple stream branches with nearly equal Tc)

* No hydrograph generated, cannot be used for
routing (basin design)

* Does not consider subsurface or groundwater flow

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 4-5
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Graphical Peak Discharge Procedure

1. Determine 24-
hour rainfall (P) for

7.Uset.and | /P
to find q, from
chart

6. Compute |,/P
ratio

desired design
storm

2. Calculate 5. Determine fime 8. Determine pond

weighted CN for of concentration gnd swamp
site (t) adjustment factor
C

(Fp)

3. Use CN with
table to determine

9. Combine all

4. Calculate above factors and

expected runoff

calculate peak

initial abstraction
depth (Q) discharge (q,)

(I.)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 6



1. Rainfall (P)

1. Determine 24-
hour rainfall (P) for

7.Uset.and | /P
to find q, from
chart

6. Compute |,/P
ratio

desired design
storm

2. Calculate 5. Determine time 8. Determine pond

. . and swamp
Welgh'f;fe CN for of °°“c(:te;“m“°" adjustment factor
C

(Fp)

3. Use CN with
table to determine

9. Combine all

4. Calculate above factors and

expected runoff

calculate peak

initial abstraction
depth (Q) discharge (q,)

(Io)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 6-7



Determine
rainfall

* Precipitation
—  NOAA Atlas 14
— Distribution

10b. | TR-55 PEAK DISCHARGE METHOD | (Ch. 4 of TR-55) Pg. T



NOAA Atlas 14, Volume 2, Version 3
Location name: Petersburg, Virginia, US*
Latitude: 37.1953°, Longitude: -77.3657°

POINT PRECIPITATION FREQUENCY ESTIMATES

Determine

rainfall

PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)?!
: Average recurrence interval (years)

buration 1 2 5 10 25 50 100

10-min 0.616 0.727 0.845 0.951 1.07 1.16 1.24
(0.553-0.689){(0.654-0.810)|(0.760-0.941)| (0.853-1.06) | (0.951-1.18) | (1.03-1.29) | (1.10-1.38)

15-min 0.770 0.913 1.07 1.20 1.35 1.46 1.57
(0.691-0.861)| (0.822-1.02) | (0.961-1.19) | (1.08-1.34) | (1.21-1.50) | (1.30-1.63) | (1.39-1.74)

30-mi 1.06 1.26 1.52 1.74 2.00 2.21 2.40
M 0.048-1.18) | (1.14-1.41) | (1.37-1.69) | (1.56-1.94) | (1.79-2.22) | (1.96-2.45) | (2.12-2.67)

60-min 1.32 1.58 1.95 2.27 2.66 2.99 3.31
(1.18-1.47) | (1.43-1.76) | (1.75-2.17) | (2.04-2.53) | (2.38-2.96) | (2.66-3.32) | (2.93-3.67)

oh 1.57 1.89 2.34 2.76 3.30 3.76 4.22
i (1.40-1.76) | (1.69-2.11) | (2.10-2.62) | (2.47-3.08) | (2.93-3.67) | (3.32-4.18) | (3.70-4.69)

1.69 2.03 2.52 2.99 3.58 4.09 4.63

3-hr

(1.50-1.90) | (1.81-2.28) | (2.26-2.83) | (2.66-3.35) | (3.17-4.01) | (3.60-4.58) | (4.04-5.16)

6-hr 2.03 2.44 3.04 3.61 4.36 5.03 5.72
(1.81-2.31) | (2.17-2.76) | (2.70-3.43) | (3.19-4.07) | (3.84-4.91) | (4.39-5.64) | (4.96-6.41)

2.42 2.91 3.64 4.35 5.32 6.19 7.11

12-hr

(2.16-2.76) | (2.60-3.30) | (3.24-4.12) | (3.85-4.91) | (4.67-5.98) | (5.39-6.94) | (6.14-7.96)

24-h 2.80 3.40 4.36 5.17 6.35 7.36 8.46
o (2.56-3.09) # (3.11-3.75) §| (3.98-4.81) | (4.70-5.70) }| (5.74-6.99) | (6.61-8.10) | (7.54-9.30)




Determine — A F

Use WInTR55 software



2. Curve Number

1. Determine 24-
hour rainfall (P) for 6. Compute | /P
desired design ratio
storm

5. Determine time

of conceniration

(t.)

3. Use CN with
table to determine
initial abstraction

(I.)

4. Calculate
expected runoff
depth (Q)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 8

7.Uset.and | /P
to find q, from
chart

8. Determine pond
and swamp
adjustment factor

(Fp)

9. Combine all
above factors and

calculate peak
discharge (q,)




Curve Number

CN indicates
runoff potential of an areo

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 8



Curve Number

* CN determination:
—Soils
—Hydrologic conditions
* (good, fair, poor)
— Cover type

—Treatment (sometimes)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 8



Curve Number

* CN determination:

—4 Curve Number Tables
e Urban

Cover type- vegetation, bare soil, and
impervious surfaces.

e cultivated agricultural lands
e other agricultural lands
 arid and semiarid rangelands

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 8



Curve Number

* Need Hydrologic Soil Group (HSG) for each of
the soils at site and area of each soil type

e Soils information from:

— Site drawings or plan

— NRCS Web Soil Survey
(http://websoilsurvey.nrcs.usda.gov/app/)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 10



Hydrologic Soll Groups

Group B:

Moderately
low runoff

potential

Group A:
Low runoff
potential

High runoft
potential

high runoff
potential

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 10



Hydrologic Solil Groups

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 10



weighted
CN

Figure 10-3 Runoff CNs for Urban Areas (TR-55, 1986)
10b. | TR-55 PEAK DISCHARGE METHOD | Pg. I2



weighted
CN

Figure 10-4 Runoff Curve Numbers for Other Agricultural Lands

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. I3



e Calculate weighted average CN for site

e TR-55 Worksheet 2 for CN



Exercise:

Determine a composite curve number given the
following data for existing pre-development
conditions:

24 acres - open space, soil ¢

16 acres - 1/2 acre lots, 25% impervious, good
condition, soil b

18 acres - woods Soil D

Solution : (24*74) +(16*70)+(18*77) =
1776+1120+1386=4282/58= 73.8 Round to 74



weighted
CN

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. I8



Q&A

1. Precipitation

2. Curve Number (CN)

| GRAPHICAL PEAK DISCHARGE METHOD TR-55 |



3. Initial Abstraction

1. Determine 24-
hour rainfall (P) for

7.Uset_and|,/P
to find q, from
chart

6. Compute |,/P
ratio

desired design
storm

2. Calculate 5. Determine time 8. Determine pond

. . and swamp
Welgh'f;fe CN for of °°“C(:te;“m“°" adjustment factor
C

(Fp)

3. Use CN with
table to determine

9. Combine all

4. Calculate above factors and

expected runoff

calculate peak

initial abstraction
depth (Q) discharge (q,)

(Io)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 19



initial
abstraction

(Io)

* Look up la values
in TR-55 manual

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 20



4. Runoff Depth (Q)

1. Determine 24-
hour rainfall (P) for

7.Uset.and | /P
to find q, from
chart

6. Compute |,/P
ratio

desired design
storm

2. Calculate 5. Determine time 8. Determine pond

: . and swamp
Welgh'f;fe CN for of °°“c(:te;“m“°" adjustment factor
C

(Fp)

3. Use CN with
table to determine

9. Combine all

4. Calculate above factors and

expected runoff

initial abstraction depth (Q)

(Io)

calculate peak
discharge (q,)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 21



Runoff
Depth

(Q)

* Solve for Q (runoff depth):
—SCS Runoff equation (p.21)

—Tabular method (p.23), TR-55 Manual

—Graphical method (p.22), TR-55 Manual

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 21



Runoff

Depth qp — quAmQFp

(Q)

Runoff Equation (P B Ia )2
Q - (P — |a)-|- S

Q = Runoff (in)
P = Rainfall (in)

S = Potential maximum retention after runoff begins (in)

g — (1000) _10 CN = Curve number

|, = Initial abstraction (in)
CN =0.2x5S
= (all losses before runoff begins)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 21



Example 10-1

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

(Instructions given for graphical. Tabular
method is 10-2.)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 22



initial Runoff

abstraction Depth Example 10-1, p. 22

(1) (Q)

Step 2:
CN =80

O




Find Q
p. 23

Or

TR-55
Manual

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 23



initial Runoff

abstraction Depth Runoff Equation Example 10-1

(1) (Q)

O




Runoff

w1 Runoff Equation Example

P =rainfall (in)
CN = runoff curve number

S = potential maximum retention after runoff begins (in)

_ (@j_lo _ (@)_10 _ 25
80

CN
(P _1a )2
|, = initial abstraction (in) Q = (p -1 )_|_ S
=0.2xS i
- 0.2x2.5 __(40-05) _ 2.04
=0.5  (4.0-05)+25

Equations on page 21
Runoff Equation Example 10-|



Runoff Exercise:

Given a watershed with a CN of 85, what
would be the direct runoff (Q) from a rainfall
(P) of 2.5 inches?

P = rainfall (in)
CN = runoff curve number



Runoff Exercise

Step 2:
O CN =85

Step 1: P=2.5




TARLE 5.9

/OFF CURVE NUMBERS

T, Curve 1,
° - (inches) Number (inchiesy
1.333 80 0500
010 () () 1.279 81 0.469
1.226 82 0.439
1175 53 0410
Q 1.125 84 0.381
1.077 85 0.353 ° ° e
1.030 86 0.326
0.985 87 0.209
48 2.167 68 0.941 88 0.273 [}
49 2.082 69 0.899 89 0.247
S0 2.000 70 0.857 20 0.222
51 1.922 71 0.817 91 0.198
52 1.846 72 0.778 92 0174
53 1.774 73 0.740 93 0.151
54 1.704 74 0.703 94 0.128
55 1.636 75 0.667 95 0.105
56 1.571 76 0.632 906 0.083
57 1.509 77 0.597 97 0.062
S8 1.448 78 0.564 98 0.041
59 1.390 79 0.532

Runoff

Volume 4. Runoff Depth

(o)

| GRAPHICAL PEAK DISCHARGE METHOD TR-55 |



5. Time of Concentration

1. Determine 24-
hour rainfall (P) for

7.Uset.and | /P
to find q, from
chart

6. Compute |,/P
ratio

desired design
storm

2. Calculate 5. Determine time 8. Determine pond

. . and swamp
Welgh'f;fe CN for of C°“‘ae;"r°“°" adjustment factor
C

(Fp)

3. Use CN with
table to determine

9. Combine all
above factors and

4. Calculate
expected runoff
depth (Q)

initial abstraction

(Io)

calculate peak
discharge (q,)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 24



See Module 9 and
Chapter 3 of TR-55
(1986)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 24



Time of Concentration

Worksheet on p. 53 of
Module 9

TR-55 Manual
Use Win TR55



6. la/P ratio & /. Find g,

1. Determine 24-
hour rainfall (P) for

7.Uset.and | /P
to find q, from
chart

6. Compute | /P
ratio

desired design
storm

2. Calculate 5. Determine time 8. Determine pond

: . and swamp
Welghfgfe CN for of °°“c(:te;“m“°" adjustment factor
C

(Fp)

3. Use CN with
table to determine

9. Combine all

4. Calculate above factors and

expected runoff

calculate peak

initial abstraction
depth (Q) discharge (q,)

(Io)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 24



r s

Find g, on chart -

(TR55, Exhibit 4-11, p. 4-6 )

TYPE Il Rainfall Distribution

Remember:

ratio of I_/P must be between 0.1 - 0.5.

1. Usel and P to calculate
/P ratio

2. Use ratio and T_ value to
find g, from chart
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8. Swamp Adjustment Factor

1. Determine 24-
hour rainfall (P) for

7.Uset.and | /P
to find q, from
chart

6. Compute |,/P
ratio

desired design
storm

2. Calculate 5. Determine fime 8. Determine pond

weighted CN for of concentration gnd swamp
site (t) adjustment factor
C

(Fp)

3. Use CN with
table to determine

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

4. Calculate
expected runoff

initial a(ti:;rachon depth (Q)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 29



qp N qUAmQFp
factor (F,)

* Factor needed if ponds
and/or swamps scattered
throughout watershed,
but not on path used to
determine Tc

* Determine percentage of
. Figure 10-19: Pond and Swamp
drainage area Adjustment Factor (TR-55, 1986)
represented by swamps

and/or ponds

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 29



9. Peak Discharge

1. Determine 24-
hour rainfall (P) for 6. Compute | /P

7.Uset_and | /P
to find q, from

desired design ratio chart

storm

8. Determine pond

2. Calculate 5. Determine time
. . and swamp
welghise“de CN for of conc(:te;ﬂrahon adjustment factor
C

(Fp)

3. Use CN with 9. Combine all
table to determine 4. Calculate above factors and
initial abstraction expected runoff calculate peak
depth (Q)

(1) discharge (q,)

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 30



M9l (Calculate Peak Discharge

(ap)

A = qu X Ami XQ X Fp
q, (cfs)
q, (csm/in) from previous step

Q (in) from previous step
A . (mi2) from site plan

F, from previous step

10b. | TR-55 PEAK DISCHARGE METHOD | Pg. 30



Typical worksheet

Worksheet 4: Graphical Peak Discharge method

Project
Heavenly Acres

¥ RHM

" 10/15/85

Location
Dyer County, Tennesses

Checked N

Diata

10/17/85

Check cne: [ Prasent X1 Devaloped

1.Data

DIrainage arSa ... o An = 0.39 mi2 (acres/B40)
Runctf cune number ... CH= 75 {From worksheet 2), Figure 2-6
1.53 -
Time of CONCEMFAtion .........ccoeeveereecenns Te= hr (From workshest 3), Figure 3-2
Rainfall distribution ... = I i, 1A, 1Ny
Pond and swamp areas sprea
throughout watershed ... ] - percent of Ap, (__—— acres or mi2 covered)
Storm #1 | Storm #2 | Storm 82
2L FTBOUEINICY  ciiiiiiiiiiiieeeiieiere e ee e e e s e bbb b a s s s s as s s aas st s e anesan ¥r 25
3 RN, P {24-R0UI ettt ese st in 6.0
4. IVE] ABSIRCHON, L oooooeeoeoeooee oo ossseee e essss e in | 0667 | ‘
{Usa CN with tabia 4-1)
lon | | |
LT F R R——
"y o ||
6. Unit poak dischange, qu ... csmiin
{Use T and |,/P with exhibt 4—_11__)
T RUNGIE, T ittt bt et et in 3.28 | | |

(Fromworksheat 2). Figure 2-6

8. Pond and swamp adjustment factor, Fp
{Use percant pond and swamp area
with table 4-2. Factoris 1.0 for
zero percent pond ans swamp area.)

9. Paak discharge, S ——

{ Whera dp= quﬁ«mDFp b

w| 345 |

d, = d,AnQF,

Worksheets/instructions:TR55 manual:
http://www.wsi.nrcs.usda.gov/products/w
2q/H&H/Tools Models/other/TR55.html.

TR55 Windows program:
http://www.wsi.nrcs.usda.gov/products/

W2Q/H&H/Tools Models/WinTR55.html.

Ob. | TR-55 PEAK DISCHARGE METHOD | Pg. 3l



Q&A

Graphical Peak Discharge Method
TR-55

| GRAPHICAL PEAK DISCHARGE METHOD TR-55 |



Module 10c.
Tabular Hydrograph Method



Tabular Hydrograph Method

For large non-uniform watersheds

Time of concentration must be less than 2
hours

Acreage of individual sub-watersheds should
not differ by a factor of 5 or more

Use TR-20 or other models when limitations
can’t be met

10c. | TABULAR HYDROGRAPH METHOD | Pg. 32-34



Tabular Hydrograph Method

NOTE:

TR-55 documentation should be referenced for
complete procedures and limitations of the Tabular
Method.

Examples and worksheets can be found in TR-55 (1986).
Revisions to TR-55 along with instructions and examples
for the windows software application are available in the
WinTR-55 User Guide. The technical reference for WinTR-
55 is the NRCS National Engineering Handbook.

10c. | TABULAR HYDROGRAPH METHOD | Pg. 34



Work Problems
Graphical Peak Discharge

10. | MODULE 10 PROBLEMS| Pg. 36
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