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Runoff curve numbers 
Estimating storm runoff 

Tables 1 through 4 show numerical runoff ratings for a 
range of soil-use-cover complexes. Because these 
numbers relate to a set of curves developed from the 
NRCS runoff equation, they are referred to as curve 
numbers (CN) in these tables. 

The an~ount of precipitation, whether it occurs as rain 
or snow, is the potential source of water that may run 
off small watersheds. The kind of soil and the type of 
vegetation affect the amount of water that runs off. 
Terraces and diversions, along with steepness and 
shape of a watershed, affect the rate at which water 
runs off. 

A spillway is provided to bypass surface runoff after 
the pond is filled. The tat~les and charts in the follow- 
ing sections should be used to estimate the peak 
discharge rates for the spillway. They provide a quick 
and reliable estimate of runoff rates and associated 
volumes for a range of storm rainfall amounts, soil 
groups, land use, cover conditions, and watershed 
slopes. 

Hydrologic groupings of soils 

Soils are classified in four hydrologic groups accord- 
ing to infiltration and transmission rates: 

A-These soils have a high infiltration rate. They are 
chiefly deep, well-drained sand or gravel. The runoff 
potential is low. 

B-'I'hesc soils have a moderate infiltration rate when 
thoroughly wet. They are chiefly moderately deep, 
well-drained soils of moderately fine to moderately 
coarse texture. 

C-These soils have a slow infiltration rate when wet. 
These moderately fine to fine texture soils have a layer 
that impedes downward nlovement of water. 

D-These soils have a very slow infiltration rate. They 
are chiefly clay soils that have a high swelling poten- 
tial, soils with a permanent high water table, soils wit,h 
a claypan at or near the surface, and shallow soils over 
nearly impervious material. The runoff potential is high. 

The watershed upstream from a farm pond often 
contains areas represented by different curve num- 
bers. A weighted curve number can be obtained based 
on the percentage of area for each curve number. For 
example, assume that the watershed above a pond is 
mainly (three-fourths) in good pasture and a soil in 
hydrologic group B. The remainder is cultivated with 
conservation treatment on a soil in hydrologic group C. 

A weighted curve number for the total watershed 
would be: 

314 x 61 = 46 (approximately) 
1/4 x 76 = 20 (approximately) 

Weighted = 66 

The NRCS district conservationist or your county 
extension agent can help you classify the soils for a 
given pond site in one of the four hydrologic groups. 
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Table 1 Runoff curve numbers for urban areas 11 - 
Cover description Average percent Curve numbers for hydrologic soil group 

impervious area 2' A B C D 

Fully developed urban areas 
(vegetation established) 

Open space (lawns, parks, golf courses, cemeteries, etc.) 31 
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-way) 
Streets and roads: 

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) 

Western desert urban areas: 
Natural desert landscaping (pervious areas only) 4' 

Artificial desert landscaping (impervious weed barrier, 
desert shrub with 1- to 2-inch sand or gravel mulch and 
basin borders) 

Urban districts: 
Commercial and business 
Industrial 
Residential districts by average lot size: 

118 acre or less (town houses) 
114 acre 
1/3 acre 
1/2 acre 
1 acre 
2 acres 

Developing urban areas 

Newly graded areas (pervious areas only, no vegetation) r,/ 77 86 9 1 94 
Idle lands (CN's are determined using cover types similar to those in table 3) 

11 Average runoff condition, and I, = 0.2s. 
21 The average percent impenious area shown was useti to develop the composite CN's. Other assumptions are as follows: impervious areas 

are direct,ly connected to the drainage system, impervious areas have a CN of 98, and pervious areas are considered equivalent to open 
space in good hydrologic condition. CN's for other combinations of condition$ may be computed using figure 2-3 or 2-4 in NRCS Technical 
Release 55, lJrban Hydrology for Small Watersheds. 

31 CN's shown are equivalent to those of paskure. Composite CN's may be computed for other combinations of open space cover type. 
41 C:omposite CN's for natural desert landscaping should be computed using figure 2-3 or 2-4 in Technical Release 55, based on the ~mpervious area 

percentage (CN = 98) and the penious area CN.  The pervious area CN's are assumed equivalent to desert shrub in poor hydrologic condition. 
51 Composite CN's to use for the design of temporary measures during grading and construction should be computed using figure 2 3  or 2-4 in 

Technical Release 55, based on the degree of development (impervious area percentage) and the CN's for the newly graded pervious areas. 
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Table 2 Runoff curvcl numbers for agricultural lands 11 - 
Cover description 

- ~ - 
Covcr typc 'I'rcxat~nent 21 Hytlrologic condition 21 

-. 

Fallow 

Row crops 

Small grain 

Closed-seeded 
or broadcast 
legumes or 
rotation 
meadow 

Hare soil 
Crop residue cover (CR) 

Straight row (SR) 

SR + CR 

Contoured (C) 

C + CR 

Contoured & terraced (C&T) 

C&T + CR 

- 
Poor 
Good 

Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 

Poor 
Gooct 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 

Poor 
Good 
Poor 
Good 
Poor 
Good 

Cnrvc. nnnrbers for I~ycirologic soil group 

A R C D 

I /  Average n~noff conclrtron, ; u~d  I, = 0 2S 
21 ('rop resitlr~e cover apphes only ~f res~ctuca is on at lcrtst 5 pcrccnt of the snrfacc throughout thr  year 
31 Iiydrolog~c. cond~ t~on  IS brtsed orb contblnat~on of factors that afftvt 111filtrntlon ant1 nlnoff, ~nclucl~ng (a) dens~ty mtd cmtopy of vegetative 

are*, (b) amount of year-round cover, (c) amount of grass or closca-seeded legun~t.s In rotations, (ci) percentage of r r s~due  cover on the land 
sr~rface (good > 20%), and (e) degree of surfruc roughness 

Poor Factors lrnpalr ~nfiltrat~on and tend to rncrrasp nlnoff 
(;ood Factors rncouragt. average mtd better than average infiltrat~on artd tend to dt>crcase n~noff  
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Table 3 Runoff curve numbers for other agricultural lands 1' - 
Cover description Curve numbers for hydrologic soil group 

. .--. . . -..- 

Cover type Ilycirologic condition 3 A B C D 

Pasture, grassland, or range--continuous grazing Poor 
Fair 
Good 

Meadow--continuous grass, protected from 
grazing and generally mowed for hay 

Poor 
Fair 
Good 

Brush-brush-weed-grass mixture with brush 
the major element 3' 

Woods-grass combination (orchard 
or tree farm) 51 

Poor 
Fair 
Good 

Woods 61 Poor 
Fair 
Good 

Farmsteads-buildings, lanes, driveways, 
and surrounding lots. 

11 Average runoff condition, and I, = 0.2s. 
21 Poor: <50% ground cover or heavily grazed with no mulch. 

Fair 50 to 75% ground cover and not heavily grazed. 
Good: >75% ground cover and lightly or only occasionally grazed. 

31 Poor: <50% ground cover. 
Fair 50 to 75% ground cover. 
Good: >75% ground cover. 

41 Actual curve number is less than 30; use CN = 30 for runoff computations. 
51 CN's shown were computed for areas with 50% woods and 505 grass (pasture) cover. Other combii ions of conditions may be computed 

from the CN's for woods and pasture. 
61 Poor: Forest litter, small trees, and brush are destroyed by heavy grazing or regular burning. 

Fair Woods are grazed but not burned, and some forest litter covers the soil. 
Good: Woods are protected from grazing, and litter and brush adequately cover the soil. 



Agriculture Handbook 590 Ponds - Planning, Design, Construction 

Table 4 Runoff curve numbers for arid and semiarid rangelands 1' - 
(lover description Curve numbers for hydrologic soil group 

- 

Clover t.n)e Hydrologic condition A31 H C I) 

Herbaceous-mixture of grass, forbs, 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. 

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

Sagebrush with grass understory 

Poor 
Fair 
Good 

Poor 
Fair 
Good 

Poor 
Fair 
Good 

Poor 
Fair 
Good 

Desert shrub-major plants include saltbush, Poor 63 77 85 88 
greasewood, creosotebush, blackbrush, bursage, Fair 55 72 81 86 
palo verde, mesquite, and cactus Good 49 68 79 84 

11 Average runoff condit~on, and I, = 0.2s. For range in hunud regions, use table 3. 
21 Poor: <30Ph ground cover (litter, gra.s, and brush overstory). 

Fair: 30 to 70% ground cover. 
Good: >70Ph ground (*over. 

31 Curve numbers for group A have been developed only for desert shrub. 
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Volume of storm runoff the entire watershed. For example, the volume of 
runoff from a 3-inch rainfall on a 100-acre watershed 

Often knowing how much water runs off from a big with the weighted curve number of 66 would be: 
storm as well as the rate at which it flows is good. The 
volume is needed to compute needed storage as well 0.55 inch (interpolated between 0.51 and 0.72 inches) 

the peak discharge rate. 100 acres x 0.55 inch = 55 acre-inches 
55 acre-inches t 12 = 4.55 acre-feet 

The figures in table 5 are the depth (in inches) at 55 acre-inches x 27,152 gallons per acre-inch = 1.5 
which the storm runoff, if spread evenly, would cover million gallons (approximately) 

Table 5 Runoff depth, in inches - 
liainfall Curve number 
(inches) 60 65 70 76 80 86 90 



Agric~~lt~irt .  I-laudl)ook 590 Poilds - Planning, Design, <:onstroctian 

Rainfall amounb and expected 
frequency 

Maps in 1T.S. Weather Bureau Technical I'aper 40 
(IJSWP-TP-40), Ilainfall Frequency Atlas of the IJnitetl 
States, show the a~nount of rainfall expected in a 24- 
hour pcriotl. These Itlaps have also been reprinted in 
I-Iydrology for Small Urban Watc.rsheti, Tcchnic.al 
Iielease 56. Contact your local NRCS field office for 
rainfall anlounts on maps. 

Designing an ordinary pond spillway 1 o accorumociat e 
the peak rate of runoff from the most intense rain- 
storm ever known or anticipated is not practical. Thc 
spillway for an ordinary farrn pond generally is dc- 
signed to pass the runoff frorn a 25-y(bar frequency 
stor~n. This nlcans a stornl with only a 4 percent 
chance of occ.urring in any year or the size beyond 
which larger storms would not oc-cur more often than 
an average of oncSe in 25 years. Designing for a 50-ycbar 
storln frequency is reconlnlended for spillways for 

larger dams. A 10-year stornl frequency nlay be ad- 
equate for sizing the spillway in snlall ponds. 

R U a U  distribution 

The highest peak ciisc.harges fro~n small watersheds 
are usually catiseti by intense, t)rief rainfalls that may 
occur as part of a longer duration stornl. Ilifferent 
rainfall distributions with respect to t inle have been 
developed for four geographic areas of the 1Jnited 
States. For each of these areas, a set of synthetic, 
rainfall distributions having nested rainfall intensities 
were developed. These distributions nlaximize the 
rainfall intensities by incorporating selected storm 
duration intensities within those ntvtied for longer 
durations at the same probability level. 

In figr~re 15, type I and 1.4 rrpresent the Pacific mari- 
time climate with wet winters arltl dry sunlmers. Typti 
I11 represents Gulf of Mexico and Atlantic coastal 
areas where tropical stor~ns bring large rainfall 
aluounts. Type I1 represents the rest of the country. 

Figure 15 Apl)rox~~uat (> peogra~)hic I)our~ti;~rir.s for NIX'S r;iinfall disl~it)utio~~s 
I 

L 
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Peak discharge rate shorter the T,., the larger the peak discharge. This 
means that the peak discharge has an inverse relation- 

The slope of the land above the pond affects the peak ship with Tc, Tc can be estimated for small rural water- 
discharge rate significantly. The time of concentration sheds using equation 1. Figure 16 is a nomograph for 
along with the runoff curve number, storm rainfall, solving this equation. 
and rainfall distrihutiol~ arc used to estimate the peak 
discharge rate. This rate is used to design the auxiliary 
spillway width and depth of flow. 

Time of concentration 

Time of concentration (II;:)  is the time it takes for 
runoff to travel from the hydraulically most distant 
point of the watershed to the outlet. Tc influences the 
peak discharge and is a measure of how fast the water 
runs off the land. For the same size watershed, the 

where: 
Tc = time of concentration, hr 
1 = flow length, ft, 
CN = runoff cunre number 
Y = average watershed slope, %) 

Figure 16 Time of  concentration (T,) nomograph - 
Flow length ( I ) ,  feet 

10.000 

0.1 .3 .5 
TPme of  concentration (T,), hrs 
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Average wabrshed 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. Hillside 
slopes can be measured with a hand level, lock level, 
or clinometer in the direction of overland flow. Aver- 
age watershed slope is an average of individual land 
slope measurements. The average watershed slope can 
be determined using equation 2: 

l0OCI y =  - 
A 

where: 
Y = average slope, % 
C = total contour length, ft  
I = contour interval, ft  
A = drainage area, ft2 

Flow length 

Flow length (1) is the longest flow path in the water- 
shed 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 deter- 
mined using a map wheel, or it can be marked along 
the edge of a paper and converted to feet. 

I, /P ratio 

The watershed CN is used to determine the initial 
abstraction ( I d  from table 6. I&' ratio is a parameter 
that indicates how much of the total rainfall is needed 
to satisfy the initial abstraction. The larger the I* ratio, 
the lower the unit peak discharge (9,) for a given Tc. 

Table 6 I ,  values for runoff curve numbers - 
Curve 

number 

Curve 

number 

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 
96 
97 
98 
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Estimating peak discharge rates 

The unit peak discharge (9,) is obtained from figure 17 
depending on the rainfall type. Figure 15 shows the 
approximate geographic boundaries for the four 
rainfall distributions. Tc and I,lP values are needed to 
obtain a value for q, from the exhibit. The peak dis- 
charge (qp in ft:jls) is computed as the product of the 
unit peak discharge (q, in ft3lslac-in), the drainage 
area (A in acres), and the runoff (Q in inches). 

Example 1 Estimating peak discharge rates 

Known: 
Drainage area = 50 acres 
Cole County, Missouri 
Flow Path '1' = 1,600 feet 
Watershed Slope 'Y' = 4 percent 
25-year, 24-hour rainfall = 6 inches 
Type I1 rainfall distribution 
Runoff Curve Number = 66 
(from example in runoff curve number section) 

Solution: 
Find Tc 
Enter figure 16, Tc = 0.60 hours 

Find I, /P 
Enter table 6, use CN = 66, I, = 1.030 
I, /P = 1.03016.0 inches = 0.172 

Find runoff 
Enter table 5, at rainfall = 6.0 inches 

and runoff c ~ ~ c  number = 66, 
Read runoff = 2.44 inches. (Note: It was neces- 

sary to interpolate between RCN 65 and 70.) 

Find the peak discharge for spillway design. 
Enter figure 17(c): 
qu = 0.7 
q p = q u x A x Q  
qp = 0.7 x 50 x 2.44 = 85 ft3ls 
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Figure 17a [:nit pt'ak discharge. (( l lL) for Type I stornm Figure 17c IJnit peak ciischargc. (q,,) for lbpc I1 stornm 
tiistr.ib[~tic~rm tlistribution 

?lute of concentration (T,) ,  hours 

Figure 17b Unit peak discaharge (q , , )  for Typck IA stor.111 
tlistributiol~ 

Time of concentration (Tc), hours 

Time of concentration (T,), hours 

Figure 17d Unit peak tiischarge (qlc) for Type 111 storm 
distribution 

1 .o 
Time of concentration (T , ) ,  hours 
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