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Objectives

 Estimate peak runoff discharge using the graphical peak discharge method (TR-

55).

 Explain the factors associated with curve number determinations

 Verify assumptions made in the determination of curve numbers

 Calculate a weighted curve number

 Explain limitations of both graphical and tabular peak discharge methods
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11a. Introduction (Chapter 1 of TR-55)

The NRCS published Technical Release Number 55 (TR-55): Urban Hydrology for Small

Watersheds, 2nd edition, in June of 1986. The TR-55

methodology allows the designer to manipulate the time

distribution of the rainfall, the initial rainfall losses to

interception and depression storage, and the moisture

condition of the soils prior to the storm. The procedures

developed by the NRCS in TR-55 are based on a

dimensionless rainfall distribution curve for a 24-hour

storm.

TR-55 presents two general methods for estimating peak

discharges from urban watersheds: the graphical method and the tabular method. The

graphical method is limited to watersheds whose runoff characteristics are fairly uniform and

whose soils, land use, and ground cover can be represented by a single Runoff Curve Number

(CN). The graphical method provides a peak discharge only and is not applicable for situations

where a hydrograph is required.

The tabular method is a more complete approach and can be used to develop a hydrograph at

any point in a watershed. For large areas it may be necessary to divide the area into sub-

watersheds to account for major land use changes, analyze specific study points within sub-

watersheds, or locate stormwater drainage facilities and assess their effects on peak flows. The

tabular method can generate a hydrograph for each sub-watershed for the same storm event.

The hydrographs can then be routed through the watershed and combined to produce a partial

composite hydrograph at the selected study point. The tabular method is particularly useful in

evaluating the effects of an altered land use in a specific area within a given watershed.

Prior to using either the graphical or tabular methods, the designer must determine the volume

of runoff resulting from a given depth of precipitation and the time of concentration, Tc , for the

watershed being analyzed. The methods for determining these values will be discussed briefly

in this section.

When the second edition of TR-55
was published, the Natural

Resources Conservation Service
(NRCS) was known as the Soil

Conservation Service (SCS). When
you see SCS referenced in TR-55
and other document published
prior to the name change, you

may still see SCS referenced
instead of the current NRCS. This
document cites the NRCS instead

of the SCS.
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11b. Graphical Peak Discharge Method (Chapter 4 of TR-55)

The graphical peak discharge method was developed from hydrograph analyses using TR-20,

Computer Program for Project Formulation-Hydrology (SCS, 1983). The graphical method

develops the peak discharge in cubic feet per second (cfs) for a given watershed.

11b1. Graphical Peak Discharge Limitations

There are several limitations that the designer should be aware of before using the graphical

peak discharge method:

1. The watershed being studied must be hydrologically homogeneous, i.e., the land use, soils,

and cover are distributed uniformly throughout the watershed and can be described by

one curve number.

2. The watershed may have only one main stream or flow path. If more than one is present

they must have nearly equal Tc's so that the entire watershed is represented by one Tc.

3. The analysis of the watershed cannot be part of a larger watershed study which would

require adding hydrographs since the graphical method does not generate a hydrograph.

4. For the same reason, the graphical method should not be used if a runoff hydrograph is to

be routed through a control structure.

5. When the initial abstraction/rainfall ratio (Ia/P) falls outside the range of the Unit Peak

Discharge curves (0.1 to 0.5), the limiting value of the curve must be used.

The reader is encouraged to review the TR-55 manual to become familiar with these and other

limitations associated with the graphical method.

The graphical method can be used as a planning tool to determine the impact of development or

land use changes within a watershed, or to anticipate or predict the need for stormwater

management facilities or conveyance improvements. Sometimes, the graphical method can be

used in conjunction with the TR-55 short-cut method for estimating the storage volume

required for postdeveloped peak discharge control. This short-cut method is found in Chapter 6

of TR-55 and is discussed later in this Participants Guide. However, it should be noted that a

more sophisticated computer model such as TR-20, HEC-HMS, or even TR-55 Tabular

Hydrograph Method, should be used for analyzing complex, urbanizing watersheds.
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11b2. Graphical Peak Discharge Procedure

The following represents a brief list of the parameters needed to compute the peak discharge of

a watershed using the TR-55 Graphical Peak Discharge Method. For a detailed explanation of

the terms listed, refer to Chapter 3 of TR-55.

 Drainage area, in square miles (mi2)

 Rainfall distribution (Type I, IA, II, or III)

 Rainfall amount, P, for specified design storm, in inches (in)

 Soil hydrologic group

 Weighted runoff curve number, CN

 Swamp factor, Fp

 Time of Concentration, Tc , in hours (hr)

 Total runoff, Q, in inches (in)

 Initial abstraction, Ia , for each subarea

 Ratio of Ia/P for each subarea

The TR-55 Peak Discharge Equation is:

ݍ ௨ݍ�= ܣ�× × ܨ�×�ܳ

Peak Discharge Equation

Where:

qp = peak discharge (cfs)

qu = unit peak discharge (cfs/mi2/in or csm/in)

Am = drainage area( mi2)

Q = runoff (in)

Fp = pond and swamp adjustment factor

The steps required to determine all the required information is shown in the following

sections of this module.

(Source: TR-55, Eq. 4-1)
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Determine 24-hour
rainfall (P) for

desired design
storm

Calculate weighted
CN for site

Use CN with table to
determine initial
abstraction (Ia)

Calculate
expected runoff

volume (Q)

Determine time of
concentration (tc)

Compute Ia/P ratio
Use tc and Ia/P to
find qu from chart

Determine pond
and swamp

adjustment factor
(Fp)

Combine all above
factors and

calculate peak
discharge (qp)

TR-55 Graphical Peak Discharge Method
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Determine 24-hour rainfall

(P) for desired design storm

11b3. Precipitation Determination Precipitation

- NOAA Atlas 14

- Distribution
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Determine 24-hour rainfall

(P) for desired design storm

Synthetic Rainfall Distributions and Rainfall Data Sources

(Appendix B of TR-55)

A common practice in rainfall-runoff analysis is to develop synthetic rainfall distributions to use

in lieu of actual storm events, as the actual rainfall distribution will vary by event. The synthetic

rainfall distribution includes maximum rainfall intensities for the selected design frequency

arranged in a sequence that is critical for producing peak runoff. Appendix B of TR-55 presents

a series of synthetic rainfall distributions developed by the NRCS, as discussed briefly below

and in detail in TR-55.

Synthetic Rainfall Distributions

For the size of the drainage areas commonly evaluated for urban drainage and stormwater

management, a storm period of 24 hours was chosen for the synthetic rainfall distributions

prepared by the NRCS. The 24-hour storm, while longer than that needed to determine peak

discharge, is appropriate for determining storm event runoff volumes. A single storm duration

and associated synthetic rainfall distribution can be used to represent the peak discharges and

the runoff volume.

The intensity of rainfall varies considerably during a storm as well as by geographic region. To

represent various regions of the United States, NRCS developed four synthetic 24-hour rainfall

distributions (I, IA, II, and III). Type IA is the least intense and type II the most intense short

duration rainfall. Types I and IA represent the Pacific maritime climate with wet winters and

dry summers. Type III represents Gulf of Mexico and Atlantic coastal areas where tropical

storms bring large 24-hour rainfall amounts. Type II represents the rest of the country.

Figure 11-1 below is reproduced from TR-55 and shows the appropriate type of rainfall

distribution based upon geographic boundaries across the United States. Figures 11-2 and 11-3

includes a view of the boundaries specific to Virginia.
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Determine 24-hour rainfall

(P) for desired design storm

Figure 11-1 Precipitation-Distribution (Source: TR-55)
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Determine 24-hour rainfall

(P) for desired design storm

Figure 11-2 Approximate Geographic Boundaries for U.S. (Source: TR-55)

Figure 11-3 Approximate Geographic Boundaries for Virginia (Source TR-55)

Type II

Type III
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Determine 24-hour rainfall

(P) for desired design storm

Rainfall Data Sources

Rainfall depths for 24-hour distributions and different return periods/frequencies for the

United States are provided in graphical format in TR-55, Appendix B, Figures B-3 to B-8 for the

2-, 5-, 10-, 25-, 50-, and 100-year storm events. A tabular presentation of 24-hour rainfall totals

organized by Virginia City/County is included in Chapter 4 of the 1999 VSMH and includes the

1-year storm as well as the storm events reported in TR-55. These rainfall depths are based

upon values published by the National Weather Service (NWS) in Technical Paper 40 (TP-40).

TP-40 was based upon historic rainfall data collected through the 1970s. A substantial amount

of rainfall data has been collected since TP-40 was published, so the National Ocean and

Atmospheric Administration (NOAA) published a new document that supersedes TP-40, titled

Atlas 14 Precipitation-Frequency Atlas of the Eastern United States. The VSMP regulations

require that designers use updated rainfall data based upon the Atlas 14 publication for

stormwater management computations and modeling.

In January of 2008, the NRCS Virginia office published revised 24-hour rainfall depths for

Virginia Cities and Counties based upon the NOAA Atlas 14 publication. The “Virginia Rainfall

Data Using NOAA Atlas 14” is included in a State Supplement to the Engineering Field

Handbook, Chapter 2 Estimating Runoff and Peak Discharges (210-VI-EFH, Part 650, pages 2-

16c to 2-16e). The supplement includes updated tabulation of 24-hour rainfall totals the 1-, 2-,

5-, 10-, 25-, 50-, and 100-year events.

During the analysis of Virginia rainfall totals based upon Atlas 14, the NRCS determined that

some localities have significantly different rainfall depths based upon geographic location

within the City or County. As a result, some Cities or Counties may have multiple rainfall data

sets reported based upon a geographic location within the locality. The NRCS publication noted

above includes maps showing the breakdown of rainfall within localities with significantly

different rainfall totals reported.
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Calculate weighted

CN for site

Calculation of Weighted Curve Number CN indicates:

- Runoff potential of an area

Watershed Delineation:

• Choose watershed

outlet point

• Delineate watershed

boundary (perpendicular

lines across contour lines

draining to point of

interest

Note - A watershed boundary

always runs perpendicular to

contour lines
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Calculate weighted

CN for site

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

each soil type

 Soils information can be obtained from:

o Site drawings/Erosion and Sediment Control plan

o NRCS Webb Soil Survey

o VESCH Appendix 6C

o 1999 VSMH Appendix 4A

CN determination:

- Soils

- Hydrologic conditions (good, fair, poor)

- Cover type

- Treatment (sometimes)

- 4 Curve Number Tables

o Urban

Cover Type – vegetation bare soil, and impervious surfaces

o Cultivated agricultural lands

o Other agricultural lands

o Arid and semiarid rangelands

- Treatment

o Cover type modifier for agricultural (contouring, terracing)

o For agricultural and arid/semiarid
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Calculate weighted

CN for site

The NRCS Runoff Curve Number (CN) Method is used to estimate runoff. This method is

described in detail in the NRCS National Engineering Handbook, Section 4 (NRCS 1985). The

runoff equation (found in TR-55 and discussed later in this section) provides a relationship

between runoff and rainfall as a function of the CN.

The CN is a measure of the land's ability to infiltrate

or otherwise detain rainfall, with the excess

becoming runoff. The CN is a function of the land

cover (woods, pasture, agricultural use, percent

impervious, etc.), hydrologic condition, and soils.

Limitations

1. TR-55 has simplified the relationship between rainfall and runoff by reducing all of the

initial losses before runoff begins, or initial abstraction (Ia), and approximating the soil

and cover conditions using the storage variable, S, potential maximum retention. Both of

these terms, Ia and S, are functions of CN.

A CN describes average conditions that are useful for design purposes. If the purpose of

the hydrologic study is to model a historical storm event, average conditions may not be

appropriate.

2. The designer should understand the assumptions reflected in the initial abstraction

term (Ia). Ia represents interception, initial infiltration, surface depression storage,

evapotranspiration, and other watershed factors and is generalized as a function of the

runoff curve number based on data from agricultural watersheds.

This can be especially important in an urban application because the combination of

impervious area with pervious area can imply a significant initial loss that may not take

place. On the other hand, the combination of impervious and pervious area can

underestimate initial losses if the urban area has significant surface depression storage.

(To use a relationship other than the one established in TR-55, the designer must

redevelop the runoff equation by using the original rainfall-runoff data to establish new

curve number relationships for each cover and hydrologic soil group. This would

represent a large data collection and analysis effort.)

The NRCS TR-55 manual should be
reviewed in detail to gain more insight

into the procedures and limitations.

A digital copy of the TR-55 manual from
the NRCS is available at:

ftp://ftp.wcc.nrcs.usda.gov/wntsc/H&H/
other/TR55documentation.pdf
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Calculate weighted

CN for site

3. Runoff from snowmelt or frozen ground cannot be estimated using these procedures.

4. The CN method is less accurate when the runoff is less than 0.5 inch. As a check, use

another procedure to determine runoff.

5. The NRCS runoff procedures apply only to surface runoff and do not consider

subsurface flow or high groundwater.

6. Manning’s kinematic solution should not be used to calculate the time of concentration

for sheet flow longer than 300 feet. This limitation will affect the time of concentration

calculations. Note that many jurisdictions consider 150 feet to be the maximum length

of sheet flow before shallow concentrated flow develops.

7. The minimum Tc used in TR-55 is 5 minutes or 0.1 hour.
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Calculate weighted

CN for site

Estimating Runoff – CN Determination Factors

Information Needed

A good understanding of the physical characteristics of the watershed is needed to solve the

runoff equation and determine the time of concentration. Some features, such as topography

and channel geometry can be obtained from topographic maps such as the USGS 1" = 2000'

quadrangle maps. Various sources of information may be accurate enough for a watershed

study; however, the accuracy of the study will be directly related to the accuracy and level of

detail of the base information. Ideally, a site investigation and field survey should be conducted

to verify specific features such as channel geometry and material, culvert sizes, drainage

divides, ground cover, etc. Depending on the size and scope of the study, however, a site

investigation may not be economically feasible.

The data needed to solve the runoff equation and determine the watershed time of

concentration, Tc, and travel time, Tt, are listed below. These items are discussed in more detail

in TR-55.

 Soil information (to determine the Hydrologic Soil Group or HSG)

 Ground cover type (woods, meadow, open space, impervious area, etc.)

 Treatment (cultivated or agricultural land)

 Hydrologic condition (for design purposes, the hydrologic condition should be

considered "GOOD" for the pre-developed condition)

 Antecedent runoff condition

 Urban impervious area modifications (connected, unconnected, etc.)

 Topography – detailed enough to accurately identify drainage divides, Tc and Tt flow

paths and channel geometry, and surface condition (roughness coefficient).
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Calculate weighted

CN for site

Hydrologic Soil Groups

In hydrograph applications, runoff is often referred to as rainfall excess or effective rainfall, and

is defined as the amount of rainfall that exceeds the land’s capability to infiltrate or otherwise

retain the rainwater. The soil type or classification, the land use and land treatment, and the

hydrologic condition of the cover are the watershed factors that will have the most significant

impact on estimating the volume of rainfall excess, or runoff.

NRCS has developed a soil classification system that consists of four hydrologic soil groups

(HSG), identified as A, B, C, and D. Soils are classified into one of these categories based upon

their minimum infiltration rate. By using information obtained from local NRCS offices, soil and

water conservation district offices, or from NRCS Soil Surveys (published for many counties

across the country), the soils in a given area can be identified. Preliminary soil identification is

especially useful for watershed analysis and planning in general. When preparing a stormwater

management plan for a specific site, it is recommended that soil borings be taken to verify the

hydrologic soil classification.

Soil characteristics associated with each HSG are generally described as follows:

Group A: Soils with low runoff potential due to high infiltration rates, even when

thoroughly wetted. These soils consist primarily of deep, well to excessively drained sands

and gravels with high water transmission rates (0.30 inches per hour or in/hr). Group A

soils include sand, loamy sand, or sandy loam.

Group B: Soils with moderately low runoff potential due to moderate infiltration rates

when thoroughly wetted. These soils consist primarily of moderately deep to deep, and

Group A:
Low runoff
potential

Group B:
Moderately
low runoff
potential

Group C:

Moderately
high runoff
potential

Group D:
High runoff

potential



Module 11: Urban Hydrology for Small Watersheds (TR-55)
Plan Reviewer for Erosion and Sediment Control Page 18

Calculate weighted

CN for site

moderately well to well-drained soils. Group B soils have moderate water transmission

rates (0.15-0.30 in/hr) and include silt loam or loam.

Group C: Soils with moderately high runoff potential due to slow infiltration rates when

thoroughly wetted. These soils typically have a layer near the surface that impedes the

downward movement of water or soils. Group C soils have low water transmission rates

(0.05-0.15 in/hr) and include sandy clay loam.

Group D: Soils with high runoff potential due to very slow infiltration rates. These soils

consist primarily of clays with high swelling potential, soils with permanently high water

tables, soils with a claypan or clay layer at or near the surface, and shallow soils over nearly

impervious parent material. Group D soils have very low water transmission rates (0-0.05

in/hr) and include clay loam, silty clay loam, sandy clay, silty clay, or clay.

Any disturbance of a soil profile can significantly alter the soil’s infiltration characteristics. With

urbanization, the hydrologic soil group for a given area can change due to soil mixing,

introduction of fill material from other areas, removal of material during mass grading

operations, or compaction from construction equipment. A layer of topsoil may typically be

saved and replaced after the earthwork is completed, but the native underlying soils have been

dramatically altered. Therefore, any disturbed soil should be classified by its physical

characteristics as given above for each soil group. Appendix A of TR-55 provides a table for

determining HSG for disturbed or unmapped soils based upon the soil texture as classified from

field and laboratory investigation (see Table 11-1 below).

Table 11-1. HSG Based Upon Soil Texture for Disturbed Soils (Source: TR-55)
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Hydrologic Condition

Hydrologic condition represents the effects of cover type and treatment on infiltration and

runoff. It is generally estimated from the density of plant and residue cover across the drainage

area. Good hydrologic condition indicates that the cover has a low runoff potential, while poor

hydrologic condition indicates that the cover has a high runoff potential.

Hydrologic condition is used in describing non-urbanized lands such as woods, meadow, brush,

agricultural land, and open spaces associated with urbanized areas, such as lawns, parks, golf

courses, and cemeteries. Treatment is a cover type modifier to describe the management of

cultivated agricultural lands.

When a watershed is being analyzed to determine the impact of proposed development,

Virginia’s stormwater management regulations require the designer to consider all

existing or undeveloped land to be in hydrologically good condition. This results in lower

existing condition peak runoff rates which, in turn, results in greater post-development peak

control. In most cases, undeveloped land is in good hydrologic condition unless it has been

altered in some way. Since the goal of most stormwater programs is to reduce the peak flows

from developed or altered areas to their pre-developed or pre-altered rates, this is a reasonable

approach. In addition, this approach eliminates any inconsistencies in judging the condition of

undeveloped land or open space.

Runoff Curve Number (CN) Determination

The hydrologic soil group classification, cover type, and the hydrologic condition are used to

determine the runoff curve number, CN. The CN indicates the runoff potential of an area when

the ground is not frozen. Tables 11-2 and 11-3 below (Tables 2-2a and 2-2c from TR-55)

provide the CNs for various land use types and soil groups. A complete table can be found in TR-

55.

Several factors should be considered when choosing a CN for a given land use. First, the

designer should realize that the curve numbers in TR-55 are for the average antecedent runoff

or moisture condition, ARC. The ARC is the index of runoff potential before a storm event and

can have a major impact on the relationship between rainfall and runoff for a watershed.

Average ARC implies that the soils are neither very wet nor very dry when the design storm

begins. Average ARC runoff curve numbers can be converted to dry or wet values, however the

average antecedent runoff condition is recommended for design purposes.
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It is also important to consider the list of assumptions made in developing the runoff curve

numbers as provided in TR-55. Some of these assumptions are outlined below:

1. The urban CNs, for such land uses as residential, commercial, and industrial, are

computed with the percentage of impervious area as shown. A composite curve

number should be re-computed using the actual percentage of imperviousness if it

differs from the value shown.

2. The impervious areas are directly connected to the drainage system.

3. Impervious areas have a runoff curve number of 98.

4. Pervious areas are considered equivalent to open space in good hydrologic condition.

5. These assumptions, as well as others, are footnoted in TR-55, Tables 2-2a to 2-2d. TR-55

provides a graphical solution for modification of the given CNs if any of these

assumptions do not hold true.

6. The designer should become familiar with the definition of connected versus

unconnected impervious areas along with the graphical solutions and the impact that

their use can have on the resulting CN. After some experience in using this section of TR-

55, the designer will be able to make field evaluations of the various criteria used in the

determination of the CN for a given site.

7. In addition, the designer will need to determine if the watershed contains sufficient

diversity in land use to justify dividing the watershed into several sub-watersheds. If a

watershed or drainage area cannot be adequately described by one weighted curve

number, then the designer must divide the watershed into sub-areas and analyze each

one individually, generate individual hydrographs, and add those hydrographs together

to determine the composite peak discharge for the entire watershed.

8. A decision making process for analyzing a drainage area in included in TR-55. The flow

chart can be used to select the appropriate tables or figures in TR-55 from which to then

choose the runoff curve numbers. Worksheet 2 of TR-55 (see Figure 11-4) is then used

to compute the weighted curve number for the area or sub-area.
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Calculate weighted

CN for site

Table 11-2. Runoff Curve Numbers for Urban Areas (Source: TR-55)
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Calculate weighted

CN for site

Table 11-3. Runoff Curve Numbers for Cultivated Agricultural Lands (Source: TR-55)
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Calculate weighted

CN for site

Table 11-4 Runoff Curve Numbers for Other Agricultural Lands (Source: TR-55)
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Calculate weighted

CN for site

Table 11-5. Runoff Curve Numbers for Urban Areas (Source: TR-55)

Abbreviated runoff curve number tables are presented in the VESCH (Table 5-5, p. V-56 to V-

59). An example worksheet is also included on p. V-46 of the VESCH and in Figure 11-4. A blank

worksheet from TR-55 is at the end of this module.
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Calculate weighted

CN for site

Figure 11-4 Worksheet 2 Runoff Curve Number and Runoff (Source TR-55)

(Source TR-55)
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Use CN with table to

determine initial abstraction Ia

Ia can also be calculated using the following equation:

Where:

CN = Runoff Curve Number

ܫ ൌ ͲǤʹ�ൈ ൬
1000

ܰܥ
൰െ ͳͲ൨

11b5. Determining Initial Abstraction

Table 11-6 Ia Values for Runoff Curve Numbers (Source: TR-55)

Ia values for runoff curve

numbers are also found in

VESCH

(TR-55 Eq. 2-2 and TR-55 Eq. 2-4 combined)
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Initial abstraction Ia Runoff Volume (Q)

Initial abstraction (Ia) is a measure of all the losses that occur before runoff begins, including

infiltration, evaporation, depression storage, and water intercepted by vegetation, and can be

calculated from empirical equations or Table 4-1 in TR-55 or Table 11-6 above.

11b6. Runoff Equation

The NRCS Runoff Equation is used to solve for runoff as a function of the initial abstraction, Ia,

and the potential maximum retention, S, of a watershed, both of which are functions of the CN.

This equation attempts to quantify the losses before runoff begins, including infiltration,

evaporation, depression storage, and water intercepted by vegetation. The runoff computed

with the Runoff Equation is a fraction of the rainfall, generally reported in inches.

The Runoff Equation is:

ܳ =
(ܲ− )ଶܫ

(ܫ�−ܲ) + ܵ

Runoff Equation

Where:

Q = runoff, inches (in)

P = rainfall (in)

S = potential maximum retention after runoff begins (in)

ܵ=
ଵ

େ
− 10

CN = runoff curve number

Ia = initial abstraction (in) = 0.2 x S

By substituting the product (0.2 x S) for the term Ia, the Runoff Equation can be simplified to:

ܳ =
(ܲ− 0.2 × )ܵଶ

(ܲ + 0.8 × )ܵ

Runoff Equation (Simplified)

TR-55 also provides a graphical solution and tabular solution for the runoff equation. The

graphical solution is found in Chapter 2 of TR-55 and is reproduced below in Figure 11-5. The

tabular solution is reproduced below in Table 11-7. Both the equation and graphical solution

solve for the depth of runoff that can be expected from a watershed or sub-watershed, of a

(Source: TR-55, Eq. 2-1)

(Source: TR-55, Eq. 2-2)

(Source: TR-55, Eq. 2-3)

(Source: TR-55, Eq. 2-4)
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Initial abstraction Ia Runoff Volume (Q)

specified CN, for any given frequency storm. Additional information can be found in the NRCS

National Engineering Handbook, Section 4. These procedures, by providing the basic

relationship between rainfall and runoff, are the basis for any hydrological study based on NRCS

methodology.

Figure 11-5 Graphical Solution to the Runoff Equation (Source: TR-55)

Example 11-1:

For a given watershed with a CN of 80, what would be the direct runoff (Q) from a rainfall (P) of

4.0 inches?

Step 1: Find rainfall depth of 4.0 inches on the x-axis and draw a line (Line 1) perpendicular to

the x-axis

Step 2: Find the curve for a CN = 80 and locate where Line 1 intersects the curve for CN = 80

Step 3: Starting at the intersection of Line 1 and curve CN = 80, draw a line parallel to the x-axis

until it crosses the y-axis (Line 2)

Step 4: Where Line 2 crosses the y-axis, read the value for Q. For this example, Q = 2.0 inches.
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Initial abstraction Ia Runoff Volume (Q)

Table 11-7 Tabular Solution to the Runoff Equation (Source: TR-55)

Example 11-2:

For a given watershed with a CN of 80, what would be the direct runoff

(Q) from a rainfall (P) of 4.0 inches?

Step 1: Find rainfall depth of 4.0 in the first column and draw a

horizontal Line 1 to the right

Step 2: Find CN = 80 in the second row and draw a vertical Line 2

down

Step 3: Where Line 1 and Line 2 intersect, read the value for Q. For

this example, Q = 2.04 inches.
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Determine time of

concentration (tc)

11b7. Time of Concentration and Travel Time (Chapter 3 of TR-55)

The time of concentration, Tc, is discussed in Module 10. Similar to the rational method, the time

of concentration, Tc, plays an important role in developing the peak discharge for a watershed.

The following are the steps used to determine the time of concentration for the graphical peak

discharge method.

Overland (Sheet) Flow

TR-55 utilizes Manning's kinematic solution to compute Tc for overland sheet flow up to a

recommended maximum of 150 feet.

Tables for Manning’s Roughness coefficients

for sheet flow can be found in the

VESCH (Table V-7, p. V-61) and the

Chapter 15 (2010) of the National Engineering

Handbook, Part 630 (NEH, 2010).

(Table reprinted here).

4.05.0
2

8.0)(
007.0

sP

nL
Tt




NRCS TR-55 Method (Manning’s Kinematic Equation)

Equation ()

Tt = travel time (hr)

L = length of overland flow (feet)

n = Manning’s roughness coefficient

P2 = 2 year, 24-hour rainfall in inches (NOAA Atlas 14)

s = slope (feet/feet)
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Determine time of

concentration (tc)

Shallow Concentrated Flow

TR-55 provides a graphical solution for shallow concentrated flow. Typically there is not a well-

defined channel cross-section. The input information needed to solve for this flow segment is

the land slope and the surface condition (paved or unpaved).

Additional charts presented in the NEH (2010) and reprinted on the following page allow for

velocity determinations of shallow concentrated flow across different surfaces.

L = flow length (feet)

V = average velocity (feet/second)

t = conversion factor













tV

L
Tt
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Determine time of

concentration (tc)

Source: NEH, 2010. Chapter 15.
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Determine time of

concentration (tc)

Source: NEH, 2010. Chapter 15
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Determine time of

concentration (tc)

Channel Flow

The Manning Equation is used for open channel flow and pipe flow, and usually assumes full

flow or bank-full velocity.

Manning’s Equation

V = velocity (fps)

n = Manning’s roughness coef.

R = hydraulic radius (A/P)

A= wetted cross sectional area

P=wetted perimeter(ft)

s = slope (ft/ft)

sR
n

V  )3/2(49.1











V

L
Tt

L = channel flow length (feet)

V = average velocity(feet/second)

** use Manning’s equation**
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Use tc and Ia/P to find

find qu from chart
Compute Ia/P ratio

11b8. Determining qu (using Tc and Ia/P)

Remember: the ratio of Ia/P must fall between 0.1 and 0.5.

The designer must use the limiting value on the curves

when the computed value is not within this range. The unit

peak discharge is determined from these curves and

entered into the TR-55 peak discharge equation.

So
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Use tc and Ia/P to find

find qu from chart
Compute Ia/P ratio

1. Use I
a

and P to calculate I
a

/P ratio

2. Use ratio and T
c

value to find q
u

from chart

The unit peak discharge (qu) is a function of the initial abstraction (Ia), precipitation (P) and

the time of concentration (Tc) and can be determined from the Unit Peak Discharge Curves in

TR-55 (TR-55 chart reproduced above). The unit peak discharge is expressed in cubic feet per

second per square mile per inch of runoff (cfs/mi2/in or csm/in).

The unit peak discharge, qu, is obtained by using Tc and the Ia/P ratio with Exhibit 4-I, 4-IA, 4-II,

or 4-III (depending on the rainfall distribution type) in TR-55. Exhibit 4-II is used for most 24-

hour rainfall distributions in Virginia, except for a portion of southeastern Hampton Roads

where Exhibit 4-III applies (portions of the Cities of Chesapeake, Norfolk, Portsmouth, Suffolk,

and Virginia Beach). Both Exhibit 4-II and 4-III are reproduced above. See also Appendix B of

TR-55. These charts should be used to confirm which rainfall distribution applies to the project

under design and review.
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Combine all and calculate

peak discharge (qp)

Pond/swamp adjustment

factor (Fp) Ia/P ratio

11b9. Pond/Swamp Adjustment Factor

Table 11-8 Pond and Swamp Adjustment Factor (Source: TR-55)

The pond and swamp adjustment factor (Fp) is an adjustment in the peak discharge

to account for pond and swamp areas if they are spread throughout the watershed and

are not considered in the Tc computation. Refer to TR-55 for more information on pond

and swamp adjustment factors. The pond and swamp adjustment factor (Fp) is

determined using Table 4-2 of TR-55 (reproduced above in Table 11-8).

Worksheet 4 from TR-55 (Figure 11-5 below) provides a succinct and organized format for

documenting inputs and calculating the results for the graphical peak discharge method.

11b10. Calculating Peak Discharge

TR-55 Peak Discharge Equation

ݍ ൌ ܣ�௨�ൈݍ� �ൈ ܳ�ൈܨ�

qp = peak discharge (cfs)

qu = unit peak discharge (cfs/mi2/in or csm/in)

Am = drainage area (mi2)

Q = runoff (in)

Fp = pond and swamp adjustment factor

(Source: TR-55, Eq. 4-1)
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Combine all and calculate

peak discharge (qp)

Figure 11-5 Worksheet 4 Graphical Peak Discharge Method (Source TR-55)
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11c. Tabular Hydrograph Method

The tabular hydrograph method can be used to analyze large heterogeneous watersheds. The

tabular method can develop partial composite flood hydrographs at any point in a watershed by

dividing the watershed into homogeneous subareas. The method is especially applicable for

estimating the effects of land use change in a portion of a watershed.

The tabular hydrograph method provides a tool to efficiently analyze several sub-watersheds to

verify the combined impact at a downstream study point. It is especially useful to verify the

timing of peak discharges. Sometimes, the use of detention in a lower sub-watershed may

actually increase the combined peak discharge at the study point. This procedure allows a quick

check to verify the timing of the peak flows and to decide if a more detailed study is necessary.

Tabular Hydrograph Limitations

The following represents some of the basic limitations that the designer should be aware of

before using the TR-55 tabular method:

1. The travel time, Tt , must be less than 3 hours

2. The time of concentration, Tc , must be less than 2 hours

3. The acreage of the individual sub-watersheds should not differ by a factor of 5 or more.

When these limitations cannot be met, the designer should use the TR-20 computer program or

other available computer models which will provide more accurate and detailed results.

The reader is encouraged to review the TR-55 manual to become familiar with these and other

limitations associated with the tabular method.

Tabular Hydrograph Information Needed

The following represents a brief list of the parameters needed to compute the peak discharge of

a watershed using the TR-55 Tabular method. For a detailed explanation of the terms listed,

refer to TR-55.

 Subdivision of the watershed into areas that are relatively homogeneous.

 The drainage area of each subarea, in square miles.

 Time of concentration, Tc, for each subarea in hours.

 Travel time, Tt, for each routing reach, in hours.

 Weighted runoff curve number, CN, for each subarea.
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 Rainfall amount, P, in inches, for each specified design storm.

 Total runoff, Q, in inches (see runoff equation, TR-55) for each subarea.

 Initial abstraction, Ia, for each subarea.

 Ratio of Ia/P for each subarea.

 Rainfall distribution (I, IA, II or III)

Tabular Hydrograph Design Procedure

The use of the tabular method requires that the designer determine the travel time through the

entire watershed. As stated previously, the entire watershed is divided into smaller sub-

watersheds that must be related to one another and to the whole watershed with respect to

time. The result is that the time of peak discharge is known for any one sub-watershed relative

to any other sub-watershed or for the entire watershed.

Travel time, Tt, represents the time for flow to travel from the study point at the bottom of a

sub-watershed to the bottom of the entire watershed. This information must be compiled for

each sub-watershed.

To obtain the peak discharge using the graphical method, the unit peak discharge is read off of a

curve. However, the tabular method provides this information in the form of a table of values,

found in TR-55, Exhibit 5. These tables are arranged by rainfall type (I, IA, II, and III), Ia/P, Tc,

and Tt. In most cases, the actual values for these variables, other than the rainfall type, will be

different from the values shown in the table. Therefore, a system of rounding these values has

been established in the TR-55 manual. The Ia/P term is simply rounded to the nearest table

value. The Tc and Tt values are rounded together in a procedure that is outlined on pages 5-2

and 5-3 of the TR-55 manual. The accuracy of the computed peak discharge and time of peak

discharge is highly dependent on the proper use of these procedures.

The following equation is then used to determine the flow at any time:

௧ݍ�=ݍ ܣ�× × ܳ
Tabular Hydrograph Peak Discharge Equation

Where:

q = hydrograph coordinate in cfs, at hydrograph time t

qt = unit discharge at hydrograph time t from TR-55 Exhibit 5, csm/in

Am = drainage area of individual subarea, mi2

Q = runoff, in.

(Source: TR-55, Eq. 5-1)
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The product of Am x Q is multiplied by each table value in the appropriate unit hydrograph in

TR-55 Exhibit 5 (each sub-watershed may use a different unit hydrograph) to generate the

actual hydrograph for the sub-watershed. This hydrograph is tabulated on TR-55 Worksheet 5b

and then added together with the hydrographs from the other sub-watersheds, being careful to

use the same time increment for each sub-watershed. The result is a composite hydrograph at

the bottom of the worksheet for the entire watershed.

NOTE:

The preceding discussion on the Tabular Method is taken from TR-55 and is
NOT complete. The TR-55 document should be consulted to learn the
procedures and limitations associated with the method.

Examples and worksheets, provided in TR-55, guide the reader through the
procedures for each chapter.
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Notes
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Module 11 Work Problems



Graphical Peak Discharge Method (TR-55)      ESCH V-31 

pmnp FQAqq   

 
Where: 

qp = Peak Discharge (cubic feet / second) 
qu = Unit Peak Discharge (csm / in) 
Am = Drainage Area (square miles) 

Q = Runoff (inches) 
Fp = Pond and Swamp Adjustment Factor 

 
1. If the soil is nearly impervious clay with a high water table and has a high 

runoff potential, what is the Hydrologic Soil Group? 
 
From Tables 5-4, ESCH V-32: 
Hydrologic Soil Group = ( ) 
 

2. Given a residential district with ½ acre lots, what is the Runoff Curve 
Number for Hydrologic Soil Group C? 

 
From Table 5-5, ESCH V-56 to 59: 
Runoff Curve Number, CN = ( ) 
 

3. Given a site with soils consisting of deep well-drained sands with 3 acres 
of impervious area, 2 acres of grass in fair condition, and 4 acres of woods 
in fair condition, what is the weighted Curve Number? 

 
From Table 5-4, ESCH V-32: 
Hydrologic Soil Group = ( ) 
 
From Table 5-5, ESCH V-56 to 59: 
 
Land use: Curve Number x Area = CN x A  

Impervious ( ) x ( ) = ( ) 
Grass ( ) x ( ) = ( ) 
Woods ( ) x ( ) = ( ) 
 Total CN x A = ( ) 
 
CN, Weighted Average Runoff Curve Number = Total CN x A / Total A(acres) = ( ) 
 

4. If 3% of the watershed consists of ponds and swamps, what is the Pond 
and Swamp Adjustment Factor, Fp? 

 
Percentage of pond and swamp areas = ( ). 
From Table 5-10, ESCH V-65, Fp = ( ). 
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5. Example Project: Defiance Ridge

40% of the 250 acres is 1/2 acre lots on the Appling soil;

10% is commercial on the Appling soil;

30% is 1/2 acre lots on the Helena soil; and

20% is open space on the Helena soil.

All hydrologic conditions are good cover.

The streets are paved with curb and gutter. They are laid out in such a way as to decrease overland

flow to 100' in a lawn. Then water flows onto the streets and paved gutters and continues until it

reaches the natural channel. (This is the same point at which channel flow began in pre-developed

conditions.) Total length of street and gutter flow is 700' at an average of 3% grade.

Find: The post-development runoff curve number for the drainage area, the runoff for the 2-

year and 10-year storms, the time of concentration, and the peak discharges for the 2-year and

10-year storms.



D–2 (210-VI-TR-55, Second Ed., June 1986)

Worksheet 2: Runoff curve number and runoff
Project By Date

Location Checked Date

Check one:           Present           Developed

1. Runoff curve number

Soil name
and

hydrologic
group

(appendix A)

Cover description

(cover type, treatment, and hydrologic condition; percent 
impervious; unconnected/connected impervious area ratio)

CN Area Product
of

CN x area

Ta
bl

e 
2-

2

Fi
gu

re
 2

-3

Fi
gu

re
 2

-4

           Use only one CN source per line

CN (weighted) =  ____________ =   _______________ = ________     ;total product

total area

Totals

Use CN

2. Runoff

Storm #1 Storm #3Storm #2

Frequency  ................................................. yr

Rainfall, P (24-hour)  .................................. in

Runoff, Q  .................................................. in
(Use P and CN with table 2-1, figure 2-1, or 
equations 2-3 and 2-4)

acres
mi2

%

1

1
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Worksheet 3: Time of Concentration (Tc) or travel time (Tt)
Project By Date

Location Checked Date

Check one:           Present           Developed

Sheet flow  (Applicable to Tc only)

1. Surface description (table 3-1)  ...................................

2. Manning’s roughness coefficient, n (table 3-1) ..........

3. Flow length, L (total L † 300 ft) ................................. ft

4. Two-year 24-hour rainfall, P2 ..................................  in

5. Land slope, s  ........................................................ ft/ft

6.

Check one:           Tc          Tt through subarea

                                                                  Segment ID

7. Surface description (paved or unpaved)  .....................        

8. Flow length, L  ...........................................................ft

9. Watercourse slope, s  ............................................ ft/ft

10. Average velocity, V (figure 3-1)  ............................. ft/s

11.         Compute Tt ........... hr   

                                                                Segment ID

12. Cross sectional flow area, a  ................................. ft2

13. Wetted perimeter, pw  .............................................. ft

14. Hydraulic radius, r=        Compute r  ......................... ft

15 Channel slope, s  ..................................................... ft/ft

16. Manning’s  roughness coefficient, n  ............................

17.                                               Compute V ................ft/s

18. Flow length, L  .......................................................... ft   

19.                                                Compute Tt  .............. hr

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19)  ....................................................... Hr  

Shallow concentrated flow

Channel flow

0.007  (nL) 0.8
Tt = _____________

P2
 0.5 s0.4

LTt = _______
3600 V

          Compute Tt .........  hr + =

1.49 r 2/3 s 1/2

n
V = __________
____

L
3600 V

Tt = _________

Segment ID

+ =

Notes:   Space for as many as two segments per flow type can be used for each worksheet.
             Include a map, schematic, or description of flow segments.

+ =

a

pw
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Worksheet 4: Graphical Peak Discharge method
Project By Date

Location Checked Date

Check one:           Present           Developed

Drainage area   .......................................... Am = ______________ mi2 (acres/640) 

Runoff curve number  .................................CN = ______________ (From worksheet 2)

Time of concentration ................................. Tc = ______________ hr  (From worksheet 3)

Rainfall distribution ....................................... = _______________ (I, IA, II III)    

Pond and swamp areas sprea
throughout watershed ................................... = ____________   percent of Am ( ________ acres or mi2 covered)

     

2. Frequency  .................................................................................... yr        

3. Rainfall, P (24-hour)   .................................................................... in

    

1. Data

Storm #1 Storm #2 Storm #3

4. Initial abstraction, Ia  ..................................................................... in
       (Use CN with table 4-1)

5. Compute Ia / P  ..................................................................................

      

6. Unit peak discharge, qu  ........................................................ csm/in   
    (Use Tc and Ia / P with exhibit 4– _____ )

7. Runoff, Q ......................................................................................  in
       (From worksheet 2)  Figure 2-6

8. Pond and swamp adjustment factor, Fp  ...........................................
       (Use percent pond and swamp area
       with table 4-2. Factor is 1.0 for
       zero percent pond ans swamp area.)

9. Peak discharge, qp .....................................................................  ft3/s

       ( Where qp = qu Am 
QFp )
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Worksheet 5a: Basic watershed data

Project By DateLocation

Checked Date
Check one:           Present           Developed

Subarea
name

Frequency  (yr) 

Drainage
area

Am

(mi2)

Time of
concen-
tration

Tc

(hr)

Travel
time

summation
to outlet

ΣTt

(hr)

Travel
time

through
subarea

Tt

(hr)

Downstream
subarea
names

24-hr
rain-
fall

P

(in)

Runoff

Q

(in)

AmQ

( mi2—in )

Initial
abstraction

Ia

(in)

Ia/P

From worksheet 3 From worksheet 2 From table 5-1

Runoff
curve

number

CN
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 Worksheet 5b: Basic watershed data 

Project By DateLocation

Checked Date
Check one:           Present           Developed

Subarea
name

Frequency  (yr) 

Subarea
Tc

(hr)

ΣTt
to outlet

(hr)

AmQ

( mi2—in )

Ia / P

Basic watershed data used 1

1 Worksheet 5a. Rounded as needed for use with exhibit 5.
2 Enter rainfall distribution type used.
3 Hydrograph discharge for selected times is AmQ multiplied by tabular discharge from appropriate exhibit 5.

Composite hydrograph at outlet

Discharges at selected hydrograph times 3
( cfs )

Select and enter hydrograph times in hours from exhibit  5-II 2


