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4. Time of concentration 

General 
Time of concentration (Tc ) is the time it takes for runoff to 
travel from the hydraulically most distant point of the 
watershed to the outlet. T, influences the peak discharge. 
For the same size watershed, the shorter the Tc, the larg- 
er the peak discharge. This means that peak discharge 
has an inverse relationship with Tc. 

Estimating time of concentration 
Tc can be estimated for small rural watersheds using the 
following empirical relationship: 

Tc = (Eq. 2-5) 
1140 Y0s5 

Where Tc = time of concentration in hours, 

CN= runoff curve number, and 
Y = average watershed slope in percent. 

l=  flow length in feet, 

Figure 2-27 is a nomograph for solving e uation 2-5. Tc is 
determined using watershed parameters 1, CN, and Y. 
Worksheet 2 can be used to compute Tc. Example 2-2 
demonstrates this procedure. For watersheds where 
hydraulic conditions are such that velocities of water flow 
need to be estimated (urban areas, etc.), then Tc should 
be estimated using TR-55 methods. 

Average watershed slope 
The average watershed slope (Y) is the slope of the land 
and not the watercourse. It can be determined from soil 
survey data or topographic maps. HiUside slopes can be 
measured with a hand level, Locke level, or clinometer in 
the direction of overland flow. Average watershed slope is 
an average of individual land slope measurem0nts. 

’ 

The average watershed slope can be determined using the 
following relationship: 

1 OOCl 

A 
Y =- 

where Y = average watershed slope in percent, 
C = total contour length in feet, 
I = contour inaerval in feet, and 
A = drainage area in square feet. 

Flow length 
Flow length (t) is the longest flow path in the watershed 
from the watershed divide to the outlet. It is the total path 
water travels overland and in small channels on the way to 
the outlet. The flow length can be determined using a map 

wheel or it can be marked along the edge of a paper and 
converted to feet. 

Some typical examples of determining the flow length are 
shown below. 

Naturel Watershed. In this case, water flows from the 
watershed divide to a small channel, down the small chan- 
nel to the main stream, and from there to the watershed 
outlet. 

Watershed with Terraces. In this case, water flows from the 
divide to the terrace, along the terrace to the outlet or 
main stream, and then along the main stream to the 
outlet. 
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5. Peak discharge 

General 
Using runoff, la/P, time of concentration, and drainage 
area, the peak discharge can be estimated using exhibits 
24A, 2-1, 2-11, and 2-111. 

I* mu0 
The watershed CN is used to determine the initial abstrac- 
tion (la) from table 2-4. la/P ratio is a parameter that indi- 
cates how much of the total rainfall is needed to satisfy 
the initial abstraction. The larger'the 1a/P ratio, the lower 
the unit peak discharge (qu) for a given Tc. This indicates 
that if initial abstraction is a high portion of rainfall, the 
peak discharge will be lower. Thus, the IaIP ratio is great- 
er for smaller storms. 

If the computed I,/P ratio is outside the range shown (0.1 
to 0.50) in exhibits 2-1 through 2-111, then the limiting 
values should be used; i.e., use 0.1 if less than 0.1 and 
use 0.5 if greater than 0.5. If the ratio falls between the 
limiting values, use linear interpolation. 

Estimating petak discharge 
The unit peak discharge (qu) is obtained from exhibits 2-1, 
24A, 2-11, or 2-111, depending on the rainfall type. Figure 2-1 
shows the approximate geographic boundaries for the four 
rainfall distributions. Tc and la/P values are needed to ob- 
tain a value for qu from the exhibit. The peak discharge 
(qp) is computed as the product of the unit peak discharge 
(qu), the drainage area (A), and the runoff (0). 

qp = ~ " x A x Q  (Eq. 2-7) 

Worksheet 2 can be used to determine qp as shown in ex- 
ample 2-2. 
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6. Limitations 

The watershed drainage area must be greater than 1.0 
acre and less than 2,000 acres. If the drainage area is out- 
side these limits, another procedure such as TR-55 or 
TR-20, Project Formulation-Hydrology, should be used to 
estimate peak discharge. 

The watershed should have only one main stream. If 
more than one exists, the branches must have nearly 
equal Tc’s. 

The watershed must be hydrologically similar; i.e., able 
to be represented by a weighted CN. Land use, soils, 
and cover are distributed uniformly throughout the 
watershed. The land use must be primarily rural. If ur- 
ban conditions are present and not uniformly distributed 
throughout the watershed, or if they represent more 
than 10 percent of the watershed, then TR-55 or other 
procedures must be used. 

If the computed Tc is less than 0.1 hour, use 0.1 hour. 
If the computed Tc is greater than 10 hours, peak dis- 
charge should be estimated by using the NEH-4 proce- 
dures, which are automated in the TR-20 computer 
program. 

When the flow length is less than 200 feet or greater 
than 26,000 feet, use another procedure to estimate Tc. 
TR-55 provides an alternative procedure for estimating 
T, and peak discharge. 

Runoff and peak discharge from snowmelt or rain on 
frozen ground cannot be estimated using these proce- 
dures. NEH-4 provides a procedure for estimating peak 
discharge in these situations. 

If potholes constitute more than one-third of the total 
drainage area or if they intercept the drainage, the 
procedures in NEH-4 should be used. 

When the average watershed slope is less than 0.5 per- 
cent, a different unit hydrograph shape can be used. 
Contact the State Conservation Engineer for necessary 
information. 

When the weighted CN is less than 40 or more than 98, 
use another procedure to estimate peak discharge. 

When the average watershed slope is greater than 64 
percent or less than 0.5 percent, use another procedure 
to estimate Tc. An alternative procedure is shown in 
TR-55 for estimating Tc and peak discharge. 

Accuracy of peak discharge estimated by this method will 
be reduced if la/P ratio used is outside the range given in 
exhibits 2-1, 2-11, 24A, and 2-111. The limiting IaIP ratios are 
to be used; i.e., if IaIP in the exhibit 2-11 is less than 0.1, 
use 0.1; and if IaIP is greater than 0.5, use 0.5. 
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7. Example 2-1-Estimeting Weighted CN 

Given a 90-acre watershed in the Type II storm distribution 
area, determine the weighted curve number for the 
drainage area above a proposed waterway. The available 
soils map shows that the major soils are Dover, Berks, 
and Easton in field #2 of A.B. Smith’s farm in Adams 

County, MD. By soil, the cover description breaks down as 
25 acres of pasture in good condition on Dover, 55 acres 
of row crop in straight rows in good condition on Berks, 
and 10 acres of woods in poor condition on Easton. Use 
worksheet 1 to develop the weighted curve number for the 
watershed. 

Example 2.1 -Worksheet 1: Runoff curve number (CN) 

Client /fB 4 f z w  { f iEU&)  BY PEd Date 6/6/87 

Soil name 
and 

hydrologic 
group 

Cover description 

(cover type, treatment, and 
hydrologic condition) 

(table 2-1) 
I 

CN (weighted) = 

CN 

(table 2-3) . 

6/ 

Totals = 

Area 

0 (acres 

or Yo) 

Product 
of 

CN x area 

/5z5 
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8. Example 2-2-Estimating Peak Discharge 

Given a %acre watershed in the Type I1 storm distribution 
area, determine the peak discharges for the 2-, 5, and 
10-year events. The available soils map shows Dover, 
Berks, and Easton soils in the drainage area above the 
proposed waterway in field #2 of A.B. Smith’s farm in 
Adams County, MD. The cover by soil types and weighted 
CN is shown in example 2-1. The average watershed slope 
is 1 percent, and the flow length is 3,400 feet. The 2-year, 
24-hour precipitation is 3.4 inches; the Byear, 24-hour 
precipitation is 4.5 inches; and the l@year, 24-hour 
precipitation is 5.5 inches. Use worksheet 2 to develop the 
desired peak discharge estimates. 
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Example 2.2 -Worksheet 2: Time of concentration and peak discharge 

Storm #1 

z 

Estimating time of concentration 

1. Data: 

r 
Storm #2 Storm #3 

5 /o 

Rainfall distribution type.. ......................................... = 

Drainagearea ................................................. A = 90 ac 

Runoff curve number.. ....................................... CN = 7/ (Worksheet 1) 

Watershedslope ............................................... Y = 1 % 

Flow length ................................................... = 3& ft 

(I, IA, It, Ill) 

- 
- 

2. T, using f ,  Y, CN and figure 2-27.. ................................. = hrs 

or using equation 2-5 

Estimating peak discharge 

....................................... Yr 

in 

1. Frequency 

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

3. Initial abstraction, I, in ............................... 
(Use CN with table 2-4) L I I 

4. Compute I,/P ratios.. ............................ 

5, Unit peak discharge q, ............................ cfs/ac/in 
(Use T, and IJP with exhibit 2-1 1) 

....................................... 6. Runoff,Q in 
(Use P and CN with figure 2-26 or table 2-2) 

............................... 7. Peak discharge, 4,. cfs 
(Where q,, = q, AQ) 

d 

I 
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Figure 2-25-Pndpiwlon values for Pudo Rko and the US. Wghr lsIands-100-yOar 24-hour rainfall 
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Figure 2-26-Solution for rund equation 
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Figure 2-27.-Time of concentratian (T,) nomograph 
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0 I A L A C A N C F  e t ALLENOALE 8 I A Y A G O N  
e I b Y A L I A  0 I A L A V B I O U C  B I ALLENODRF 
B I A Y A L U  I3 I A L A Y C  C I A L L E L I S  P A R K  

0 I ALAMDGOWOO P I LCLENS P A R K .  S T O N Y  C I A M A U I  
C I A L A Y D S A  C I A L L E N T I N E  0 I AMANGb 
P I A L b Y O S A .  D C A I N E C  C I A L L E N U O D O  B I A N A R I L L D  
P I A L A F U C H E E  
C I A L A N C S  ? I A L L H A N D S  0 I A U A S A .  M O D E R I T C L V  
D 1 A L A F A W A  

0 I b L A Z A N  e I ALLIS D I A U R E P  
e I A L C A h  P I A L L I S O h  
C I A L B A N D  D I A L L K E P  e 1 AYBOLT 

C I A L F A T C N  0 I Z L L O U F Z  B I AMBRAN1 
C I A L E E E  C I A L M A C  

C I A L B E R T O N  6 I A L M A V I L L E  0 I AMCNE 
C I A L C E P T V I L L E  C I ALYENL C I A M F N I A  
C I A L C I h A S  9 I A L M F R l A  0 I A M E N S O N  
C I L L P l C N  P I A L U I C A N T E  B I A M E R I C A N O S  
C I A L C F I G H T S  
P I A L F U F Z  C I b L M D N T  C I I M E R V  

I A I C C V  C I ALfOWD I) I A L T I C R E S T  

C I A I N A X E A  n I ALGAR(~OOO 
9 I A L G F P I T A  B I A L T O  

C I A L G D A  C I A L T O N  

A I A L T U D A  e I ALHAYBPA 

B 1 b L T V A N  

E I A L A D D I Y  L I A L L A N T D N  e/oi  ALVOD 

B I A L A M A O I I A S  C I A L L E N  e I AMADOR 

P I A L L E Y  n I A Y A S A  

8 I U E l .  S b N O V  0 1 A L L I A N C E  
D I A L A P b l  A I A L L I G A I O R  0 I S U P S l R b T U M  

e I A M B I A  

I A L E A N V  C I A L L C R  9 I AYBOV 

I A L I E H A R L C  e I A L U A N C R  e I AMELIA 
t) I AM9RAU 

C I ALMD 0 I A M E R I C U S  

C I AYES c I A L e u a z .  D P A I N E ~  e I ALMOTA 
C I A L P U S  B I A L M V  e I A M E S V A  

E I A L C D b  e I A L W A  

9 I A L C A N  D I A L N I T E  0 1 A M E S U O N l  
I A L C E S T E R  P I A L O  C I AMHFRST 

C I A U 1 5 T A O  
A 1 A L C O h A  B I b L D M A X  D I A M I T V  
R I b L C C 1  b I bLONA 9 1 AUNON 
D 1 A L C D V b  
e I ALPL C I A L O V A R  C I A Y G L E  

1 I AMOW P I A L D C  . S A L I N E  P / G l  A L P E h A  
C I A L O A X  C I C L P H A  C I AYOWUS 
P I ALDFN 0 I b L P I N  A I AMOS 
C I A L O F P  C 1 A L P D N  P I A M D S T O U N  
C 1 A L C E C O A L S  C I A L P O h A  
D I A L C E F I Y A N O  P I A L R E D  B I L Y P H I D N  
C I ALCCFUOI;O C I b L R O S  C I AMSDEN 
0 I A L D l  C I A L S  A I AMSTEPOAU 

B I A Y T D F T  R I A L D I N E  C I A L S C O  

P I A L O N S O  9 1 AMCOAC 

P I A Y P A O  

B / C  I N D I C A T E  T'4E ORA I Y E O / U C O R A  lNE0  51 1 U A T I O N .  
S T R A T U C .  RETER 73 A S D E C l F l C  S D I L  S E L I E S  P H A S E  F O U N D  I N  S O I L  M A P  L E G E N D .  

9 
C 
C 

id 9 

B 
C 
0 
B 
9 
C 
B 
C 
C 
A 
C 
D 
C 
B 
B 
A 
B 
D 
e 
B 
C 
0 
0 
0 
C 
C 
P 
C 
D 
C 
0 
D 
B 
D 
B 
C 
L) 
B 
C 

C 

R I C  
C 
0 
B 
D 

A 

C / D  
B 
C 
D 
D 
D 

C 
A 

B 
3 
C 
C 
C 
C 
B 
B 
3 

e 

e 

e 

e 

2-42 



Tabk POc.--Runoff curve numbers for arid and 8emkrM nngolandd 

Cover description 
Curve numbers for 

hydrologic soil group- 

Hydrologic L Cover type condition2 A3 B C D 

Herbaceous-mixture of grass, weeds, and 
low-growing brush, with brush the 
minor element. 

Oak-aspen-mountain brush mixture of oak brush, 
aspen, mountain mahogany, bitter brush, maple, 
and other brush. 

grass understory. 
Pinyon-juniper-pinyon, juniper, or both; 

Sagebrush with grass understory. 

Desert shrub-major plants include saltbush, 
greasewood, creosotebush, blackbrush, bursage, 
palo verde, mesquite, and cactus. 

Poor 
Fair 

Good 
Poor 
Fair 

Good 
Poor 
Fair 

Good 
Poor 
Fair 

Good 
Poor 
Fair 

Good 

80 87 
71 81 
62 74 
66 74 
48 57 
30 41 
75 85 
58 73 
41 61 
67 80 
51 63 
35 47 

63 77 85 
55 72 81 
49 68 79 

1 Average runoff condition. For rangelands in humid regions, use 
table 2-3b. 

*pooC ~30% ground cover (litter, grass, and brush overstory). 
Fair: 30% to 70% ground cover. 
Good: ~ 7 0 %  ground cover. 

JCurve numbers for group A have been developed only for desert 
shrub. 

93 
89 
85 
79 
63 
48 
89 
80 
71 
85 
70 
55 
88 
86 
84 
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fable 2-$d.--Runoff curve numbers for urban areael 

Cover description 
Curve numbers for 

hydrologic soil group- 

Average percent 

6 C D d  Cover type and hydrologic condition impervious area* A 

Fully developed urban areas (vegetation established) 
Open space (lawns, parks, golf courses, cemeteries, etc.)? 

Poor condition (grass cover < 50%). ...................... 
Fair condition (grass cover 50% to 75%) . . . . . . . . . . . . . . . . . . .  
Good condition (grass cover > 75%) ...................... 

Impervious areas: 
Paved parking lots, roofs, driveways, etc. (excluding right-of- 

Streets and roads: 
way). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Paved; curbs and storm sewers (excluding right-of-way) . . . . . .  
Paved; open ditches (including right-of-way) . . . . . . . . . . . . . . . .  
Gravel (including right-of-way) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dirt (including right-of-way). .............................. 

Natural desert landscaping (pervious areas onty) 4 . . . . . . . . . . . .  
Artificial desert landscaping (impervious weed barrier, desert 

shrub with 1- to 2-inch sand or gravel mulch and basin bord- 
ers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Commercial and business . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Industrial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

118 acre or less (town houses) ............................ 
114 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
113 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
112 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 acre ..................................................... 
2 acres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Western desert urban areas: 

Urban districts: 

Residential districts by average lot size: 

Developing urban areas 
Newly graded areas (pervious areas only, no vegetati~n)~ ........... 
Idle lands (CN’s are determined using cover types similar to those 

in table 2-2a). 

85 
72 

65 
38 
30 
25 
20 
12 

68 
49 
39 

98 

98 
83 
76 
72 

63 

96 

89 
81 

77 
61 
57 
54 
51 
46 

77 

79 
69 
61 

98 

98 
89 
85 
82 

77 

96 

92 
88 

85 
75 
72 
70 
68 
65 

86 

86 
79 
74 

98 

98 
92 
89 
87 

85 

96 

94 
91 

90 
83 
81 
80 
79 
77 

91 

89 
84 
80 

98 

98 
93 
91 
89 

88 

96 

95 
93 

92 
87 
86 
85 
84 
82 

94 

1 Average runoff condition. 
2The average percent impervious area shown was used to de- 
velop the composite CN’s. Other assumptions are as follows: im- 
pervious areas are directly connected to the drainage system, 
impervious areas have a CN of 98, and pervious areas are consi- 
dered equivalent to open space in good hydrologic condition. 

3CN’s shown are equivalent to those of pasture. Composite CN’s 
may be computed for other combinations of open space cover 
type. 

Composite CN’s for natural desert landscaping should be corn- 
puted based on the impervious area (CN = 98) and the pervious 
area CN. The pervious area CN’s are assumed equivalent to 
desert shrub in poor hydrologic condition. 

SComposite CN’s to use for the design of temporary measures 
during grading and construction should be computed using the 
degree of development (impervious area percentage) and the 
CN’s for the newly graded pervious areas. 

d 
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Table 2 4 . 4 ,  values tor runoff curve numbers 

Curve la Curve la 
number (in) number (in) 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 

3.000 
2.878 
2.762 
2.651 
2.545 
2.444 
2.348 
2.255 
2.1 67 
2.082 
2.000 
1.922 
1.846 
1.774 
1.704 
1.636 
1.571 
1.509 
1.448 
1.390 
1.333 
1.279 
1.226 
1.175 
1.125 
1.077 
1.030 
0.985 

68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 

0.941 
0.899 
0.857 
0.817 
0.778 
0.740 
0.703 
0.667 
0.632 
0.597 
0.564 
0.532 
0.500 
0.469 
0.439 
0.410 
0.381 
0.353 
0.326 
0.299 
0.273 
0.247 
0.222 
0.198 
0.1 74 
0.151 
0.128 
0.105 
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Worksheet 1: Runoff curve number (CN) 

Client BY Date 

Checked Date County State 

Practice 

Soil name 
and 

hydrologic 
QrouP 

Cover description 

(cover type, treatment and 
hydrologic condition) 

(table 2-1) 

CN (weighted) = 

(acres 
(table 2-3) or YO) 

Totals = 

UseCN=, 

Product 
of 

CN x area 
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Worksheet 2: Time of concentration and peak discharge 

Client BY Date 

County State Checked Date L 
Practice 

Estimating time of concentration 

1. Data: 

- (I, IA, II, 111) Rainfall distribution type.. ......................................... - 

Drainagearea ................................................. A = ac 

Runoff curve number .. ..( ..................................... CN = (Worksheet 1) 

Watershed slope.. ............................................. Y = % 

Flow length .................................................... $ =  ft 

2. T, using j ,  Y, CN and figure 2-27.. 

or using equation 2-5 

h rs ................................. = 

Tc = 
1140 Y0e5 1140 ( )0.5 

h rs 

Estimating peak discharge 

....................................... 1. Frequency Yr 

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

3. Initial abstraction, I, ............................... in *] 
(Use CN with table 2-4) 

4. Compute I,/P ratios.. ............................. 

5. Unit peak discharge qu ............................ cfs/ac/in 
(Use T, and I,/P with exhibit 2-1 1) 

......................................... 6. Runoff,Q in 
(Use P and CN -with figure 2-26 or table 2-2) 

I I I I 
7. Peak discharge, q,. cfs 1 I I I ............................... 

(Where q, = qu AQ) 

*U.S. Government  P r i n t l n g  O f f i c e  : 199U - 261-454/20812 
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	1: SCS Engineering Field Handbook, Chapter 2, Amendment


