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]
630.1000 Introduction

The Natural Resources Conservation Service (NRCS)
method of estimating direct runoff from storm rainfall
is described in this chapter. The rainfall-runoff rela-
tionship is developed, parameters in the relationship
are described, and applications of the method are
illustrated by examples.

The NRCS method of estimating direct runoff from
storm rainfall was the end product of a major field
investigation and the work of numerous early investi-
gators (Mockus 1949, Sherman 1942, Andrews 1954,
and Ogrosky 1956). A major catalyst for getting this
procedure to the field was the passage of the Water-
shed Protection and Flood Prevention Act (Public Law
83-566) in August 1954. As a result, studies associated
with small watershed planning requiring solutions of
hydrologic problems were expected to produce a
quantum jump in hydrologic computations within
NRCS (Rallison 1980, Rallison and Miller 1982). Most
NRCS work is with small, ungaged, agricultural water-
sheds, so the method was developed for rainfall and
watershed data that are available or easily obtainable.

The method is a direct descendent of the hydrologic
heritage developed in the United States in the first half
of the 20th century. In the early 1900's investigators
commonly plotted total runoff versus total rainfall to
describe river hydrology. Mead (1919) showed several
of these plots, which were reasonably useful on an
annual basis. However, for shorter periods, such as
seasons or months, the scatter became excessive.
More than just rainfall depth alone was involved in
determining the amount of runoff. Sherman (1942)
attempted to include additional information by plotting
runoff versus rainfall with separate curves for each
month and a tabular adjustment for antecedent rain-
fall. This was an attempt to deal with event situations;
however, the scatter of the data was still significant.
Kohler and Linsley 71351) expanded upon the ap-
proach of Sherman with the multiple correlation
diagram. This incorporated such items as antecedent
precipitation, week of the year, and storm duration
along with the basic rainfall and runoff values. Coaxial
correlation diagrams must be generated for cach
hasin, so this appri:ach cannot be used in an ungaged

sibuation,

2LD-VINEH. July 2604 0=t

Mockus' goal was to develop a procecdure for use on
small, ungaged agricultural watersheds. No evidence
indicates that he had the coaxial graphical correlation
diagrams in mind when he started the work that led to
curve numbers. [t does seem appropriate, however, to
consider the procedures to be related with curve
number tables taking the place of some graphs used
for coaxial correlation work. Rallison (1980) and
Rallison and Miller (1982), in describing the origin and
evolution of the runoff equation, point to this heritage.

The principal application of the method is in estimat-
ing quantities of runoff in flood hydrographs or in
relation to flood peak rates (National Engineering
Handbook 630 (NEH-630), chapter 16). An understand-
ing of runoff types is necessary to apply the method
properly in different climatic regions. Four types are
distinguished: channel, surface, lateral subsurface
flow, and baseflow.

Channel runoff occurs when rain falls on a flowing
stream. It appears in the hydrograph at the start of the
storm and continues throughout the storm, varying
with the rainfall intensity. This type of runoff is gener-
ally a negligible quantity in flood hydrographs and is
ignored except in special studies.

Surface runoff or overiand flow occurs when the
rainfall rate is greater than the infiltration rate. The
runoff equation was developed for this condition. The
runoff flows on the surface of the watershed and
through channels to the point of reference. This type
of runoff appears in the hydrograph after the initial
demands of interception, infiltration, and surface
storage have been satisfied. [t varies during the storm
and ends during or soon after the storm. The volume
of surface runoff flowing down dry channels of water-
sheds in arid, semiarid, or subhumid climates may be
reduced by transmission losses {NEH, part 630, chap-
ter 193, which could be large enough to eliminate the
runoff.

Subsurface flow Hccurs when infiltrated rainfall
meets a subsurface horizon of lower nydraulic con-
ductivity. travels laterally above the interface. and
reappedrs as a seep or spring. This type runoff is
often called quick return flow because it contributes

Lo the nodrograph Juring or scon after the storm,

]
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Baseflow occurs when there is a fairly steady flow
from natural storage. The flow comes from an aqui-
fer that is replenished by infiltrated rainfall or sur-
face runoff. Changes in this rype of runoff seldom
appear soon enough after a storm to have an influ-
ence on the hydrograph for that storm, but an in-
crease in baseflow from a previous storm increases
the streamflow rate. Baseflow must be considered in
the design of the principal spillway of a floodwater-
retarding structure (NEH, part 630, chapter 21). The
runoff equation does not include haseflow.

All types of runoff do not regularly appear on all wa-
tersheds. Climate is one indicator of the probability of
the types of runoff that will occur in a given water-
shed. In arid regions the flow on smaller watersheds
is nearly always surface runoff. Subsurface flow is
more likely in humid regions. A long succession of
storms, however, may produce subsurface flow or
changes in baseflow even in arid climates, although
the probability of this occurring is less in arid than in
humid climates.

In flood hydrology haseflow is generally dealt with
separately, and all other types are combined into
direct runoff, which consists of channel runoff, sur-
face runoff, and subsurface flow in unknown propor-
tions. The curve number method estimates this
combined direct runoff.

S
S

|
630.1001 Rainfall-runoff
relationship

The NRCS runoff equation was developed to estimate
total storm runoff from total storm rainfall. That is,
the relationship excludes time as a variable. Rainfall
intensity is ignored. An early version of the relation-
ship was described by Mockus (1949). The material
that follows evolved from that 1949 report.

(a) Development

The curve number runoff equation is:

LA

(P-Ly)+S (10-1]
0

where:
Q@ = depth of runoff, in inches
P = depth of rainfall, in inches
. = initial abstraction, in inches
S = maximum potential retention, in inches

H

—
I

The derivation that follows is from Mockus. It should
be viewed as an effort to get a curve of the proper
shape. This derivation is not physically based, but it
does satisfy conservation of mass.

A curve drawn through a plot of total storm cunoff
versus total storm rainfall for many storms on a water-
shed is concave upward and shows that no runoff
oceurs for small storms. The trend as storm size in-
creases is for the curve to become asymptotic to a line
parallel to a line of equality. The goal of Mockus was
to determine an equation for a curve that describes
that pattern. First he considered the condition in
which no initial abstraction oceurs; ie., [, = 0.
Mockus found that an appropriate curve resulted
from using the relationship among rainfall, runoff,
and retention the rain ol converted into runoff)
given by

O

L
S

LO-VENEHL July 2004



Chapter 10

Estimation of Direct Runoff
from Storm Rainfall

Part 630
National Engineering Handbook

where:
' = actual retention after runoff begins, in inches
S = potential maximum retention after runoff
begins (S > F), in inches
Q = actual runoff, in inches
P = actual rainfall (P > Q), in inches

To satisfy the conservation of mass:
F=P-Q [10-3]

Substituting the equation 10-3 definition of F into
equation 10-2 yields

P-Q = Q [10-4]
S P
and solving for @ produces
p2
= 10-5
@ P+S [ |

This is the rainfall-runoff relationship in which the
initial abstraction I, is zero.

When the initial abstraction is not zero, the amount of
rainfall available for runoff is (P - L) instead of P.
Substituting (P - L) for P in equation 10-2 results in

F Q
s P, (10-6]
where:
F<S
Q =< ‘,P - IL)

The total retention for a storm consists of both [, and
F. so the conservation of mass equation can be ex-
pressed

F:(PAIa)—Q (10-7]

Substituting equation 10-7 for Fin equation 10--5
results in
(P-L)-@ _ q

S =(Pﬁla) 10-3]

solving for the total storm runoff, ), results in the
rinoff equation

(P-1,)’
(P-1,}+8

,...(
o
]

210 VINELL fuly 2604 1

This is the rainfall-runoff relationship with the initial
abstraction explicitly taken into account.

The initial abstraction consists mainly of intercep-
tion, infiltration during early parts of the storm, and
surface depression storage. It can be determined
from observed rainfall-runoff events for small water-
sheds, where lag is minimal, as the rainfall that
occurs before runoff begins. Interception and surface
depression storage may be estimated from cover and
surface conditions, but infiltration during the early
part of the storm is highly variable and dependent on
such factors as rainfall intensity, soil crusting, and
soil moisture. Establishing a relationship for estimat-
ing I, is not easy. Thus, [, was assumed to be a func-
tion of the maximum potential retention, S. An em-
pirical relationship between [, and S was expressed
as

I, =028 (10-10]
Figure 10-1 illustrates the variability for this rela-
tionship. The points plotted in the figure are derived
from experimental watershed data.

Figure 10-1 Relationship between I, and S
——

A IR N

30 percent of points / . /
are within the dashed lines / ")7" /

Values of 1, in inches

9.1 ! 1 60
Value of 5 in inches
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The rainfall-runoff relationship is obtained by substi- (b) Use of S and CN

tuting equation 10-10 for initial abstraction into

equation 10-9 Figure 10-2 shows the solution of the runoff equation

oenr? (eq. 10-11). The parameter CN {(curve number) is a
— (P — O'ZS) P>I (10-11] transformation of S.
P+0.8S *
1000
N= 0 (10-12}

10+8

Equation 10-11, using I, = 0.2S, was used to determine
the curve numbers in NEH, part 630, chapter 9. Thus, if

a relationship different from I, = 0.2S is used, a new for potential maximum retention (S) in inches. If Sis in

set of curve numbers must be developed. millimeters:
1000
CN=———
10+ S [10-13]

254
. _ _ , (P-0.28)"
Figure 10-2 ES-1001 graphical solution of the equation Q = ————

8

Rainfall (P) (P-I,)2 i
Runoff (Q) Q=i With Pz [; Sz [+F;
ot b PL,-S and F=P-1,-Q

Cwrves on this sheet are for the
case 1,=0.25, so thar

(P-0.2S)*
! 508
Initial
abstraction I, Infiltration »

(23

Direct runoff (Q) in inches
[ —

D
B ' 2 3 L 5 3 7 3 3 10 1 P
Rainfall {P) in inches
Note: vopendixk \ 3ives the tabular solution fo this 2quarion {or 2 andd 2 ap oo W nchas Inomost sases use o0 this appendix

sivas 4 more 2xact solution than reading from the figurs.
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Figure 10-2 and appendix 10A are convenient ways
to estimate runoff from rainfall directly without
having to calculate S. S is generally neecded for other
applications, such as the analysis of runoff data or
the development of supplementary runoff relation-
ships.

(¢) Retention parameters

Several retention parameters were used in the deriva-
tion of the runoff relationship, equation 10-11. The
initial abstraction, I,, can be considered the boundary
between the storm size that produces runoff and the
storm size that produces no runoff. The potential
maximum retention, S, is dependent upon the soil-
cover complex and, in principle, should not vary from
storm to storm. It is in excess of the initial abstraction
so that the maximum possible loss is given by [, + S.
This can be demonstrated noting that the loss is given
by the difference between the rainfall and runoff

(P - Q). Substituting equation 10-9 for Q results in

(P-1,)

Loss=P-Q:P—m

[10-14])
After multiplying both terms on the right hand side by
(P-1,)+s
(P-1,)+s

with some manipulation this becomes:

b

I

RIS

(S+Ia)—

Loss = 10~ 15]

I- 2+

"EJ‘&*-E_<
Tlw|y

As P hecomes large, where large is defined as P
being much greater than the maximum potential
retention {S), the terms with P in the denominator
approach zero, with the result
Loss =S +1, (10-15]
The parameter F is the actual retention for a storm and
is more than the initial abstraction. That is, the total
actual retention is given by the sum of the initial
abstraction and the actual cetention 71, = ¥,

“210-VI-NEL

The preceding material, which shows that the S does
not include T, has little significance in the normal
application of the runoff equation. It is significant if
an attempt is made to demonstrate a physical basis
for the potential maximum retention. It is tempting to
assume that S stands for storage, so that one can
determine pore space and initial soil moisture to
determine Sin the same sense that Holtan and Lopez
(1971) determined S in their infiltration relation. One
of the difficulties in using this approach for an
ungaged watershed is establishing an appropriate
hydrologically active depth, a problem shared with the
application of Holtan's equation. Chen (1976) and
Hjelmfelt (1980a) showed that the Holtan and Lopez
(1971) equation and the curve number runoff equation
are identical for the special case of constant rainfall
intensity and for zero asymptotic infiltration rate.

(d) Curve number variability

Rainfall-runoff data do not fit the curve number runoff
concept precisely. This is exhibited in the data used in
NEH, part 630, chapter 5, examples 5-4 and 5-5, and
is expressed by the bounding curves in figure 5-6.
The curve numbers for the enveloping curves were
empirically related to the curve numbers of NEH,
part 630, chapter 9, table 9-1. The results of the
empirical relation are shown in columns 1, 2, and 3 of
table 10-1, which also gives values of S, given [, = 0.2
S for the curve number in column 1.

The variability in the CN results from rainfall intensity
and duration, total rainfall, soil moisture conditions,
cover density, stage of growth, and temperature.
These causes of variability are collectively called
the Antecedent Runoff Condition (ARC). ARU is
divided into three classses: Il for average conditions,
[ for dry conditions, and III for wetter conditions.
Past attempts to explain the scatter quantitatively
have focused on the antecedent soil moisture, usu-
ally as indicated by 5-day antecedent precipitation.
This was used in early editions of National Engineer-
ing HMandbook Section + fnow Part 630, Hydrology ',

A graph of the maximum potential retention versus the
a-day antecedent preeipitation for Watershed 2 at
Treynor. lowa, is shown in figure 10-3, Data plotted
are from the same avents used in NEH, part 230,

Lauly 2004 =3
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Table 10-1  Cuwrve numbers (CN) and constants for the case [, = 0.28
—

1 2 3 4 5 ! 1 2 3 4 5
CNfor --CN for ARC - - S values* Curve* starts CNfor --CN for ARC - - S values®* Curve® starts
ARCH [ m where P = ARCII I m where P =

(i) (in) (i) iy
100 100 100 0 0 60 40 78 6.67 1.33
99 97 100 101 .02 59 39 7 6.95 1.39
98 94 99 204 .04 58 38 76 7.24 1.45
97 91 99 309 .06 57 37 75 7.54 1.51
96 89 99 A17 .08 56 36 5 7.86 1.57
95 87 98 526 A1 55 35 74 8.18 1.64
94 85 98 638 13 54 34 73 8.52 1.70
93 83 98 753 A5 53 33 72 8.87 1.77
92 81 97 870 A7 52 32 71 9.23 1.85
91 80 97 .989 20 51 31 70 9.61 1.92
90 78 96 1.11 22 50 31 70 10.0 2.00
39 76 96 1.24 25 49 30 69 10.4 2.08
38 75 95 1.36 27 48 29 68 10.8 2.16
37 73 95 1.49 .30 47 28 7 113 2.26
86 72 94 1.63 .33 46 27 66 1.7 2.34
35 70 94 1.76 .35 45 26 65 12.2 2.44
84 68 93 1.90 .38 44 25 64 12.7 2.54
83 67 93 2.05 41 43 25 63 13.2 2.64
82 66 92 2.20 44 42 24 62 13.8 2.76
81 64 92 2.34 47 41 23 61 4.4 2.88
30 63 91 2.50 50 40 22 60 15.0 3.00
7 62 91 2.66 .53 39 21 59 15.6 3.12
78 60 90 2.82 56 38 21 58 16.3 3.26
7T 59 89 2.99 B0 37 20 57 17.0 3.40
76 58 39 3.16 63 36 19 56 17.8 3.56
75 57 88 3.33 67 35 13 bYs) 18.6 3.72
71 55 38 3.51 70 34 13 o4 19.4 3.38
3 54 37 3.70 ! 53 17 53 203 4.06
2 53 36 3.39 78 32 19 52 21.2 1,24
7l 52 36 1.08 32 31 15 a1 22.2 4,44
0 51 35 4.28 36 30 15 50 23.3 1.66
B9 50 34 4.49 90 25 12 43 30.0 5.00
33 48 34 1.70 94 20 9 37 40.0 3.00
AT 47 33 4.92 985 15 B 30 56.7 11.34
36 46 32 5.15 1.03 i 19 4 22 90.0 13.00
a5 45 32 5.38 108 5 2 13 190.0 3800
A4 14 31 5.62 P12 0 D 0 infinity infinity
33 13 S0 337 117
A2 412 79 n.13 1.23
31 11 3 A.39 1.28
or coiumn b
-3 210-VLNEH, O
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chapter 5. Figure 10-3 illustrates that no apparent,
relationship between antecedent precipitation and S
exists for this watershed. These results are typical
for watersheds where surface runoff is prevalent.
Similar studies have been presented by Cronshey
(1983); Hjelmfelt, et al (1982); Hjelmfelt (1987,
1991); and Van Mullem (1992), all of which lead to
the same conclusion: No apparent relationship be-
tween antecedent precipitation and curve number
exists.

An alternate approach is to state that the CN is a
random variable and treat it as such (Hjelmfelt, et al.
1982; Hjelmfelt 1991). The lognormal probability
distribution for S is computed in NEH, part 630, chap-
ter 5, example 5-5. The mean of the logarithms corre-
sponds to the median of the untransformed values
(Yuan 1933), so the mean of the logarithms corre-
sponds to the antecedent runoff condition II curve
number. A normal or lognormal distribution is often
described in terms of a mean and standard deviation.

Figure 10-3 Influence of 5-day antecedent precipitation on S in Watershed 2, Treynor, Towa (adapted from Hjelmfelt 1991)

8

=3

O
T

Maximum potential retention, S (in)

® o 0o
*
.

*

9 L . . . )

0 1 2 3 E
Five-day antecedent precipitation (in)
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The distribution can also be described in terms of a
mean and values at particular probabilities. For
example, the curve numbers associated with 10 and
90 percent can be used to express extreme values of
the curve number distribution. One definition for ARC
conditions [ and III is based on enveloping curves.
Values determined from fitted probability distributions
are compared to values from table 10-1 in figure 10—
4 (Hjelmfelt 1991). The agreement is reasonably
good, although there is an expected amount of scat-
ter. The lowest 50 percent curve number is for a
forested watershed at Coweeta, North Carolina,
which is also the data set that deviates most from the
relationship between ARC II and ARC [ and ARC IIL

Figure 10-4 Comparison of 10 and 90 percent extremes with ARC I and ARC III values from table 10-1 {adapted from

mmmsssssmsn  Hjclmifelt 1991)

100

90

50

Curve number for 10% and 90% or ARC-I and ARC-III
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TUrVe UImber 0
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630.1002 Applications

(a) Single storms

Example 10-1 is a typical routine application of the
estimation method used when there is no question
regarding the accuracy of rainfall, land use and
treatment, and soil group determinations.

In example 10-2 the information for the watershed of
example 10-1 is used to estimate the direct runoff for
ARC I and ARC I and compare with the estimate for
ARC IL

Example 10-1 Routine application of estimation method for a single storm

Determine: Estimate the direct runoff.

Solution:

inches,

210-VINEI, July 2004

Given: During a storm event an average depth of 4.3 inches of rain fell over a watershed with a land
use of pasture in good condition and soils from hydrologic soil group C.

Step 1. Determine the CN. In table 9-1 at "Pasture, good" and under hydrologic soils group C
read CN = 74. This corresponds to S = 3.51 inches according to table 10-1 nr equation 10-12.

Step 2. Estimate the runoff. Enter appendix A or figure 10-2 with the rainfall of 4.3 inches and
interpolate {with fig. 10-2) to get CN = 74 to find Q = 1.82 inches. Alternatively, the rainfall
amount and the value for S can be substituted into equation 10-11 to determine @ = 1.32
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Example 10-2  Direct runoff
—
q
Given: Information on watershed in example 10-1

Determine: Direct runoff for ARC [ and ARC [T and compare with estimate for ARC I

Solution:
Step 1. Determine the CN for ARC II. This is done in step | of example 10-1. The CN is 74.

! Step 2. Determine CN for other ARC's. Enter table 10-1 at CN = 74 in column 1. In columns 2
’ and 3, read CN = 55 for ARC L and CN = 88 for ARC IIL.

Step 3. Estimate the runoffs. Enter appendix A or figure 10-2 with the rainfall of 4.3 inches
{from example 10-1) and at CN = 55, 74, and 88 read @ = 0.65, 1.82, and 3.01 inches, respec-
tively. The comparison in terms of ARC II runoff is as follows:

ARC CN Inches - - - Direct runoff, Q - - -
As % of As%of Q for
rainfall ARCII

[ 55 .65 15.1 35.7

18 74 1.82 42.3 100

[11 88 3.01 70.0 165

Note that the runoff in inches or percentage is not simply proportional to the CN so that the
procedure does not allow for such shortcuts.

=19 C2IGWTNEH, July 2004
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(b) Alternate methods of estima- Therefore, no reason exists for choosing one method

tion for multiple complexes over the other. Bach method has advantages and

disadvantages. The method of weighted Q always

The direct runoff for watersheds having more than gives the correct result (in terms of the given data),
one hydrologic soil-cover complex can be estimated but it requires more work than the weighted-CN
in either of two ways. Example 10-3 illustrates how method especially when a watershed has many
runoff is estimated for each complex and weighted complexes. The method of weighted CN is easier to
to get the watershed average. Example 104 illus- use with many complexes or with a series of storms.
trates the method where CN is weighted to get a However, where differences in CN for a watershed
watershed CN, and the runoff is estimated using that are large, this method either under- or over-esti-
CN. mates Q, depending on the size of the storm. This is

demonstrated in example 10-5.
If the CNs for the various hydrologic soil-cover

complexes are similar or close in value, both meth- Both WinTR-55 (LSDA NRCS 2003) and WinTR-20
ods of weighting give close results for runoff (Q). (USDA NRCS 2004 draft) use the weighted CN
method.

Example 10-3 Estimation of direct runoff for watershed using runoff estimates for each complex
—

Given: A watershed of 630 acres has 400 acres in row crop, contoured, good rotation and 230 acres in
rotation meadow, contoured, good rotation. All soils are in the Hydrologic Soil Group B.

Determine: Find the direct runoff for a rain of 5.1 inches where the watershed is in ARC 1.

Solution:
Step 1. Determine the CN. Table 9-1 in NEH-630, chapter 9, shows that the CN is 75 for the

row crop and 69 for the meadow.

Step 2. Estimate runoff for each complex. Enter appendix \ or figure 10-2 with the rain of 5.1
inches and at CN's of 75 and 69 read @'s of 2.53 and 2.03 inches, respectively.

| Step 3. Compute the weighted runoff:

Tover Area Q
‘acres)  {inches! [acras Q)

Row erop, ete. 400 2.53 1012

Meadow, etc. 230 2.03 4R7
Totals 530 1479
.. L479 ,
The weighted G is = =2351in
630

210-VINEH, July 2004 -1
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Example 10—4 Estimation of direct runoff for watershed using a weighted CN
—

Given: Watershed and rain data of example 10-3.

Determine: Use the watershed and rain data of example 10-3 and make the runoff estimate using a
weighted CN.

Solution:
Step 1. Determine the CN, Table 9-1 in NEH-630, chapter 9, shows that the CN is 75 for the
row crop and 69 for the meadow.

Step 2. Compute the weighted CN:

Cover Area CN Acres < CN
Jacres)

Row crop, etc. 400 75 30,000
Meadow, etc. 230 69 15,870
Totals 630 45,870

45,870
630

The weighted CN is =72.8. Use 73.

Step 3. Estimate the runoff. Enter appendix A or figure 10-2 with the rain of 5.1 inches and at
CN = 73. Read Q = 2.36 inches. (Note: @ is 2.34 inches if the unrounded CN 72.8 is used.)

Il2 210VINEH, July 2604



Chapter 10

Part 530
National Engineering Handbook

Estimation of Direct Runoff
from Storm Rainfall

Example 10-5

Comparison of runoff estimation methods

|

T
Given: A watershed has 25.7 acres in woods in good condition on A soils and 379.6 acres of or-
chards and 440 acres of contoured row crops, both in good condition and on B soils. An
additional 56 acres is bare on B solils.
Determine: Runoff estimates using both the weighted CN and the weighted @ methods for storm rain-
falls of 1, 2, 4, 6, 8, and 10 inches.
Solution: Step 1. Determine the CNs for the individual land uses and calculate the area’s weighted

CN. Use table 9-1 to determine the CNs for the various land uses and soils and then calcu-
late the weighted curve number.

Cover Area CN Acres < CN
(acres)
Woods 25.7 30 771.0
Orchard 379.6 58 22,016.8
Row crop 440.0 75 33,000.0
Bare soil 56.0 86 4,816.0
Totals 901.3 60,603.8
Weighted CN = 60,6038
901.3

Weighted CN = 67.2 use 67

Step 2. Determine the storm runoffs for the rainfall amounts specified from figure 10-2 or
appendix 10A for the weighted curve number 87

{ inches

Storm rainfall: | inch 2 inches

3 inches 3 :nches 10 inches

() “weighted CN) 0.0 0.17 115 2.53 +12 3.33

Step 3. Determine the runoff values for the individual land uses and caleulate the areas
weighted () for each storm rainfall. Values for CN = 30 were calculated using the runoff
equation 10-11 with S = 23.3 as given in table 10-L

Q< ar=a

Cover Area CN N Q 5
ACTeS Lot Loraun
Woadds 257 30 0.0 0.0
Orchared 379.6 53 0.0 0
Row crop 1400 75 003 132
Bara suil 36.) 36 0.2 112
Totals 901.3 2h 1

“213-VENELH, July 2004
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Example 10-5
E—

Comparison of runoff estimation methods—Continued

—

)
T

Weighted Q = Total @ x area
total area
24.4
Weighted Q = ——
& Q 901.3

Weighted Q = 0.027 inch for l-inch rain

Cover Area CN Q Q< area
acres 2" rain 2" rain
Woods 25.7 30 0.0 0.0
Orchard 379.6 58 0.4 15.18
Row crop 440.0 75 .38 167.2
Bare soil ~ 56.0 86 0.85 47.6
Totals 901.3 229.98
T
Weighted @ = Lotal @ X area
total area
229.98
Weighted Q =
ghted Q=571

Weighted Q = 0.255 inch for 2-inch rain

Cover Area CN Q Q < area
acres I rain L rain
Woods 25.7 30 0.0 0.9
Orchard 379.6 53 0.67 254.33
Row crop 140.0 hb) 1.67 7343
Bare soil 56.0 86 254 14224
Totals 201.3 113157
Total Q X area
Weighted @ = L0taLQ x area
total area
1,131.37
Weighted Q = —————
& “ 901.3

Weighted Q = 1.255 inch for 4-inch rain

C2L0-VINEH, July 2004
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Example 10-53 Comparison of runoff estimation methods—Continued
—

- [

Cover Area CN Q Q < area
acres 6" rain 5" rain
Woods 25.7 30 0.07 1.80
Orchard 379.6 58 1.76 668.10
Row crop 440.0 75 3.28 14432
Bare soil 56.0 86 4.41 246.96
Totals 901.3 2.360.06
Weighted Q = Total Q x area
total area

2,360.06

Weighted Q@ = ~————
ghted Q==5513

Weighted Q = 2.62 inch for 6-inch rain

Cover Area CN Q Q< area
acres 8" rain $" rain

Woods 25.7 30 0.42 10.79
Orchard 379.6 58 3.11  1.130.56
Row crop 440.0 75 5.04 22178
Bare soil 569 86 6.33 7354w4§
Totals 901.3 3,763.43

Total
Weighted Q = L0l @ x area

total area

3,763.43

Weighted Q = ———
ghted Q==go73

Weighted Q = 4.18 inch for 8-inch rain

over Area CN Q Q< araa

acres 107 rain 107 rain
Woods 25.7 30 1.90 25.70
Orchared 379.4 53 L757.55
Row crop 1400 ) 302720
Bare soil 56.0 35 483,55
Totals 013 13

210-YINEH, July 2004, 10-15
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Example 10-5 Comparison of runoff estimation methods—Continued
EEE—

Total @ x area

Weighted Q =
& b total area
5,274.13
Weighted Q = ——
eighted Q=—g573

Weighted @ = 5.85 inch for 10-inch rain

Step 4. Compare the storm runoffs for the rainfall amounts obtained by both methods.

Storm rainfall: ! inch 2 inches 1 inches § inches 3 inches 10 inches

Q (weighted CN) 0.0 0.17 L15 2.53 112 5.83
Q (weighted Q) 0.03 0.26 1.26 2.62 113 5.85

As pointed out in the text, although the weighted-Q method gives the correct result in terms
of the given data, it takes more work to develop. The differences between the two methods

are greatest in watersheds that have widely differing curve number values and lower rain-

fall amounts.

.13 I0-VINEH July 2664
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(¢) Runoff during a storm

An infiltration approach should be used to determine
the variation of runoff during a storm. The curve
number runoff equation is not an infiltration equation
(Smith 1976, Chen 1982, and Hjelmfelt 1980a). The
runoff equation can, however, be used as a surrogate
(example 10-6). This approach is quite similar to an
approach suggested by Linsley, Kohler, and Paulhus
(1982) for use with coaxial correlation diagrams.

(d) Applications to watersheds

The runoff estimation method is not restricted to use
for small watersheds. It applies equally well to other
large areas if the geographical variations of storm
rainfall and soil-cover complex are taken into ac-
count. This is best accomplished by working with
subareas or hydrologic units {NEH. part 630, chapter
6) of the basin. After runoff is estimated for each
unit, the average runoff at any river location may be
determined by the area-runoff weighting method of
example 10-3. For normal applications the runoff
hydrographs are developed separately for hydrologic
units and then routed and combined. Computer pro-
grams, such as WinTR-55 and WinTR-20 (USDA
2003), are useful for such applications.

Example 10-6 Using the runoff equation to determine variation of runoff during a storm

T —
Given: A watershed has a CN of 80 and condition ARC II before a storm of 20 hours duration.
Determine: Estimate the pattern of hourly runoff for the watershed using rainfall amounts recorded at a
rain gage.
Solution: Step 1. Tabulate the accumulated rainfalls at the corresponding accumulated times

(table 10-2).

column 4.

Step 2. Estimate the accumulated runoff at each corresponding accumulated time. Use the
CN and the rainfalls of column 2 in table 10-2 to estimate the runoffs using equation 10-11,
appendix A, or figure 10-2. The runoffs are given in column 3 of the table.

Step 3. Compute the increments of runoff. The increments are the differences given in
D 3
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Table 10-2  Incremental ninoffs for a storm of long (e) Indexes for multiple
s duration, watershed CN = 30 regr ession analyses
Time Accumulated Accumulaterd AQ The parameter CN is not a desirable index of water-
:liilcnlfilsl\) kf#é‘gsf) (inches) shed characteristics in a multiple regression analy-
sis (NEH, part 630, chapter 18) because the variation
in the CN is generally insufficient to provide a statis-
1:00 a.m. 0 0 tically significant result. The parameter S is the
0 preferred index. [t is used without change if it is an
2:00 15 0 independent variable in a regression equation of the
0 form:
3:00 30 0 ) Y=arbX, +cXyt ... [10-17]
4:00 62 0 where:
08 Y = depencdent variable
50 LO1 08 a, b, ¢, etc. = constants
10 subscripted X's = independent variables
6:00 1.27 18
04 If, however, the form is
700 1.36 22
0 Y =aX[X; (10-18]
8:00 1.36 22
01 it is necessary to use (S + ) instead of S to avoid the
9:00 1.38 23 possibility of division or multiplication by zero.
0
10:00 1.38 23
09
11:00 1.55 .32
16
12:00 noon 1.87 A8
24
1:00 p.m. 2.25 72
25
2:00 )il 97
03
3:00 2560 1.00
02
4:00 2.8 1.02
A0
5:00 3.22 142
B!
65:00 117 2.18
56
700 152 2.74
9
500 PR 2.33
N6
J:00) 300 2.39
203 200V NEH. July 2004
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630.1003 Accuracy

Major sources of error in the runoff-estimation method
include the determinations of rainfall and CN. Chapter
4 provides graphs for estimating the errors in rain-
fall. No comparable means exists for estimating the
errors in CN of ungaged watersheds; only compari-
sons of estimated and actual runoffs indicate how
well estimates of CN are being made. Comparisons
for gaged watersheds, though not directly applicable
to ungaged watersheds, are useful as guides to judg-
ment in estimating CN and as sources of methodol-
ogy for reducing estimation errors.

Comparisons of actual and computed runoff are only
valid if the role of the runoff equation is carefully
defined. When the equation was developed, the most
common use was to determine a design discharge
(25-year, 100-year, probable maximum flood) based on
a synthetic rainstorm. The object was to take a rain-
storm that was in some sense representative of the
frequency selected for the design flood and transform
that into the runoff volume for that same frequency.
Thus, the runoff equation can be tested for its ability to
transform a rainfall frequency distribution into a
runoff frequency distribution. This approach was used
by Schaake, et al. (1967) to test the validity of the
rational formula. Hjelmfelt (1980b, 1991) applied this
approach to test the runoff equation for several water-
sheds.

['se of the runoff equation as a frequency transformer
is shown in figure 10-3. The rainfall and runoff obser-
vations for an 30-acre watershed located near Treynor,
[owa, were used. This experimental watershed, known
as WS-2, is operated by the USDA Agricultural Re-
search Service. It is cropped to corn using conven-
tional tillage. Only the events that produced the annual
maximum discharge were used as in the example 5
in NEH. part 630, chapter 5.

The rainfall values were plotted on figure 10-5 using
the Waibull plotting position formula. A lognormal
distribution was fit to these data and plotted as the
straight line. The runoff data were treated separately
from the rainfall data, and the Waeibull formula was
used to determine plotting positions. To test the cunoff

spuaLion. the fitted losrormal distribution of rainfall
| 2

21-VINEH, Suly 2

events was converted to a runoff distribution using
the runoff equation with a curve number of 88. The

correspondence of the computed runoff curve with

the plotted runoff points, as shown in figure 10-5. is
quite good.

Hjelmfelt (1991) showed that the runoff equation
served reasonably well as a frequency transformer for
the watersheds tested in the Central and Southeastern
United States. However, for the one watershed tested
in the semiarid Southwest, the agreement was poor.
Hjelmfelt, (1987) also applied this approach to an
urban watershed, Boneyard Creek, Champaign-Ur-
bana, lllinois, with good results. The runoff equation
generally did reasonably well where the runoff was a
substantial fraction of the rainfall, but poorly in cases
where the runoff was a small fraction of the rainfall;
i.e., the CNs are low or rainfall values are small.
Curve numbers were originally developed from
annual flood flows frorm experimental watersheds,
and their application to low flows or small flood peak
flows is not recommended. (See Hawkins, et al. 1985,
for a precise measure of small.) Thus, within limits,
the runoff equation performs appropriately as a
transformation vehicle between rainfall and runoff
frequency distributions.

In the years following the development of the runoff
equation, it has been adopted for use in applications
that were not envisioned by the originator. Some of
these applications are as an infiltration method for
individual storm runoff events and as a loss function
for continuous simulation. Such applications are not,
within the intended usage of curve number proce-
dures.
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Figure 10-5 Comparisons of computed with actual runoff on a frequency basis

R
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Appendix 10A

Rainfall-Runoff Tables for Selected
Runoff Curve Numbers

Introduction

The Natural Resources Conservation Service's National Engineering Hand-
book, Part 630, Hydrology, chapter 10, publishes figure 10-2 for estimat-
ing direct runoff from rainfall for selected runoff curve numbers. Many
users find it more convenient to work with the following rables in this
appendix, which were published in 1960 and revised in 1976 under the
direction of F.P. Erichsen, hydrologist, as Technical Release 15. This
appendix was developed using MS Excel spreadsheets. The tables show
runoff amounts from rainfall quantities up to 40 inches and for runoff

curve numbers 50 to 98, inclusive.

Runoff for inches of rainfall—Curve no. :
Runoff for inches of rainfall—Curve no. :
Runotf for inches of rainfall—Curve no. 5:
Runotf for inches of rainfall—Curve no. 5:
Runoff for inches of rainfall—Curve no. 5
Runoff for inches of rainfall—Curve no. 5z
Runoff for inches of rainfall—Curve no. :
Runoff for inches of rainfall—Curve no. 5
Runoff for inches of rainfall—Curve no.
Runoff for inches of raintfall—Curve no.
Runoff for inches of rainfall—Curve no.
Runoff for inches of rainfall—Curve no. ¢
Runoff for inches of rainfall—Curve no. 52
Runoff for inches of rainfall—Curve no.
Runotf for inches of rainfall—Curve no.
Runoff for inches of rainfall-—-Curve no.
Runoft for inches of rainfall—Curve no. 56
Runott for inches of rainfall-—Curve no.
Runoft for inches of rainfall--Curve no.

Runott for inches of rainfall-—Curve no.

Runoff for inches of rainfall—Curve no

Runoff for inches of rainfall—Curve no.
Runotf for inches of rainfall-—Curve no.
Runoft tor inches of rainfall---Curve no.
Runoft tor inches of rainfall—Curve no.
2unolt for inches of rainfall—urve no.

Runott tor inches ot rainfall---Curve no.

Runolf r inches of rainfall—urve

Runotf for inches of rainfall— Curve ao

Runoft for inches of rainfall—Curve no

Runolt for inches of rainfall —Curve no.

Dunoif "ur inches of rainfall - Curve e

Runott forinches of rainfall—Curve ro.
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Runoff for inches of rainfall—Curve no. 8

Runoff for inches of rainfall—Curve no. 3
B 10A-38

Runotf tor inches of rainfall—Curve no.

Runoft for inches of rainfall—Curve no.

Runoff for inches of rainfall—Curve no. *
Runoff for inches of rainfall—Curve no. ?

Runoff for inches of rainfall—Curve no. -

Runoff tor inches ol rainfall—Curve no.
Runoff for inches of rainfall—Curve no.
Runoff for inches of rainfall—Curve no.
Runoft tor inches of rainfall—Curve no.

Runoff for inches of rainfall—Curve no.

Runoff for inches of rainfall —Curve no. 95

Runotf for inches of rainfall -—-Curve no. ¢

Runotf for inches of rainfall—Curve no.

Runoff for inches of rainfall—Curve no. ¢

CIDVINEH, Suly 20040
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Runoff for inches of rainfall -Curve no. 50

Inches 0.0

Tenths
0.5

<

DO

0.00
0.09
0.33
0.69
1.14
1.67
2.25
10 3.56
i1 4.26
12 5.00
13 5.76
b}
15 7.35

16 8.17
17 9.00
18 9.85
19 10.70
20 11.57
12.45
14.23
15.13
16.03
16.94
17.36
13.7%

-1 O Utk W

O

o
=N
CT)

[\SRN
O I N

-1 o

(NGRS AN ICEN NI (VI \V)
T Ut

0.00
0.11
0.36
0.73
1.19
1.72
2.31
2.95
3.62
4.34
5.08
5.84
6.62
7.43
8.25
9.08
9.93
10.79
11.66
12.54
13.42
14.32
15.22
16.12
17.03
17.95
13.37

0.00
0.13
0.40
0.78
1.24
1.78
2.37
3.01
3.69
4.41
5.15
5.92
6.70
7.51
8.33
9.17
10.02
10.88
11.75
12.62
13.51
14.41
15.31
16.21
17.12
13.04
13.96

0.01
0.15
0.43
0.82
1.29
1.84
2.43
3.08
3.76
4.48
5.23
5.99
6.78
7.59
8.42
9.25
10.10
10.96
11.83
12.71
13.60
14.49
15.40
15.30
17.22
13.13
£9.05

0.02
0.17
0.46
0.86
1.34
1.89
2.50
3.15
3.83
4.55
5.30
6.07
6.86
7.67
8.50
9.34
10.19
11.05
11.92
12.80
13.69
14.58
15.49
16.39
17.31
18.22
19.15

0.02
0.20
0.50
0.91
1.40
1.95
2.56
3.21
3.91
4.63
5.38
6.15
6.94
7.7
8.58
0.42
10.27
11.14
12.01
12.89
13.78
14.67
15.58
16.49
17.40
18.32

0.03
0.22
0.54
0.95
1.45
201
2.62
3.98
4.70
5.45
6.23
T7.02
7.84
8.67
9.51
10.36
11.22
12.10
12.98
13.87
14.76
15.67
16.53
1749
1341
19.33

0.05
0.25
0.57
1.00
1.50
2.07
69
056

e
[Ie

33
31
11
92

[

[SSERAV]

3o

=1~

9.9
q
t

10.45
1131
12.18
13.07
13.96

0.06
0.27
0.61
1.05
1.56
2.13
2.75
3.42
4.12
4.85
5.61
5.39
7.19
3.00
9.68
10.53
11.40

12.27

13.16
14.05
14.94
15.85

13,74
1737

_,__
GRS

— ot U

SERCTR NI

0.07
0.30
V.65
1.09
1.61
2.19
2.82
3.49
4.19
4.93
5.68
6.47
7.27
3.08
3.92
0.76
10.62
11.48
12.36
13.24
14.14
15.03
15.94
16.85

{7 e
Lo

13.69
19.61

3 19.24 .
29 12.70 19.30 19.39 19.98 20.07 2017 20.26 204 20.54
30 20.63 20.72 20.32 20.91 21.00 21.10 21.19 21.33 21.47
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Runoff for inches of rainfall—Curve no. 51
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Runoff for inches of rainfall —-Curve no. 52
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Runeoff for inches of rainfall —Curve no. 53

---------------------------------------- Tenths -------cemmmm
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0.01 0.01 0.02 0.03 0.04 0.05 0.07 0.09 0.11 0.13
0.15 0.17 0.20 .22 0.25 0.28 0.31 0.34 0.38 0.41
0.45 0.48 0.52 0.56 0.60 0.64 0.68 0.73 0.77 0.81
0.86 0.91 0.95 1.00 1.05 1.10 L.15 1.20 1.26 1.31
1.36 1.42 1.47 1.53 1.59 1.64 1.70 1.76 1.82 1.88
1.94 2.00 2.06 2.12 2.18 2.25 2.31 2.37 2.44 2.50
2.57 2.63 2.70 2.77 2.83 2.90 2.97 3.04 3.11 3.17
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13 6.27 6.35 65.43 6.51 6.59 6.68 6.76 6.84 6.92 7.00
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Runoff for inches of rainfall—Curve no. 54
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Runoff for inches of rainfall—Curve no. 55

———————————————————————————————————————— Tenths - - - - - v e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

jo)

0.00 0.00 0.00 0.00 0.00 0.00 0.06 .00 0.00 0.01
0.02 0.02 0.04 0.05 0.07 0.08 0.10 0.12 0.15 0.17
0.19 0.22 0.25 0.28 0.31 0.35 0.38 0.42 0.45 0.49
0.53 0.57 D.61 0.65 0.70 0.74 0.79 0.83 0.88 0.93
0.98 1.03 1.08 1.13 1.19 1.24 1.29 1.35 1.40 1.46
6 1.52 1.58 1.63 1.69 L.75 1.81 1.87 1.94 2.00 2.06
2.12 2.19 2.25 2.32 2.38 245 2.51 2.58 2.65 2.72

8 2.78 2.85 2.92 2.99 3.06 3.13 3.20 3.27 3.34 3.42

9 3.49 3.56 3.63 3.71 3.78 3.85 3.93 4.00 4.08 4.15
10 4.23 4.30 4.38 4.46 4.53 4.61 4.69 1.76 4.84 4.92
11 5.00 5.08 5.15 5.23 5.31 5.39 5.47 95 5.63 571
12 5.7¢ 5.87 5.95 6.03 6.12 6.20 6.28 36 6.44 6.53
13 6.61 6.69 6.77 6.86 6.94 7.02 7.11 19 7.27 7.36
14 7.44 7.93 7.61 7.69 778 7.86 7.95 03 8.12 8.20
15 8.29 8.38 8.46 8.55 8.63 8.72 8.31 89 8.98 9.07
16 9.15 9.24 9.33 9.41 9.50 9.59 9.68 76 9.85 9.94
17 10.03 10.11 10.20 10.29 10.38 10.47 10.56 10.64 10.73 10.82
L3 10.91 11.00 11.09 11.18 11.27 11.36 11.45 [1.53 11.62 11.71
19 11.80 11.89 11.98 12.07 12.16 12.25 12.34 12.43 12.52 12.61
20 12.70 12.30 12.89 12.98 13.07 13.16 13.25 3.5 13.43 13.52
13.61 13.70 13.80 13.89 13.98 14.07 14.158 14.34 14.44
14.53 14.62 14.71 14.80 14.90 14.99 15.08 15.26 15.36
15.45 15.54 15.63 15.7¢ 15.82 15.91 15.00 15.19 16.28
16.37 1A.47 16.56 16.65 16.75 16.34 15.93 17.12 17.21
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27 19.1% 19.27 19.37 19.46 19.56 19.55 1974 13.93 20.03
25 20,12 20.22 20.31 20.40 20.50 20.59 20,749 20.38 20097
29 D7 2L 18 21.26 21.35 2145 21.54 21.54 21.83 21.92
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2 21
30 2 22.11 22.21 22.30 22.40 22.49 22.59 22,78 22.87
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32 23.92 24.02 24.11 24.21 24.30 24,40 2449 24.68 24.7%
33 24 %% 2497 2507 20.1H 25.2H 25.35 2545 25.64 25.74
34 25.83 2593 28.03 26.12 26.22 26.31 26 41 26.60 26.70
35 248,79 2R 39 28 99 27.08 2713 27 28 2757 2796 2788
36 2775 27 85 27.95 28.05 28.14 28.24 2%.33 5 28.53 28.62
37 23,74 2352 2591 2001 2011 24920 W50 ERRY 2149 20.59
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40 3152 3172 2l s2 3191 32.01 32,101 P RET) 32,40 32.49
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Runoff for inches of rainfall—Curve no. 56
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0.00
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0.38
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0.00
0.12
0.42
0.84
1.36
1.96
2.62
4.06
5.62
6.44
727
2.99
9.87
10.75
11.65
12.55
13.47
14.38
15.31
16.24
1717
1311
905
193.99
2024
21.3Y9
22 .34

6.52

7.36

8.21

9.08

9.96
10.84
11.74
12.65
13.56
14.48
15.40
16.33
17.28
13.20
19.14
20.09
21.03
21.98
22.94
23.89
24.35
25.31
26,73

0.01
0.17
0.49
0.94
1.48
2.09
2.75
3.46
4.21
4.98
5.7
6.60
7.44
8.30
9.16
10.04
10.93
11.83
12.74
13.65
14.57
15.49
16.42
17.36
15.29
19.244
20.13
21.13
22.08
23.03
23.99
24.95
2591
268.37
2734
23.30
20,77
30,74
3171

0.01
0.19
0.53
0.99
1.54
2.15
2.82
3.54
4.28
5.06
5.86
6.69
7.53
8.38
9.25
10.13
11.02
11.92
12.83
13.74
14.66
15.58
16.51
17.45
13.39
19.33
20,23
21.22
23.13
24.09
25.04
26.01
26.97
27.93
23.90
2037
0.34
131
B
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Runoff for inches of rainfall—Curve no. 57

———————————————————————————————————————— Tenths - «---comrmm
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

j

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
0.03 0.04 0.06 0.08 0.09 0.12 0.14 .16 0.19 0.22
0.25 .28 0.31 0.34 0.38 0.42 0.45 .49 0.53 0.58
0.62 0.66 0.71 0.75 0.80 0.85 0.90 0.95 1.00 1.05
L.11 1.16 1.21 1.27 1.33 1.38 L.44 1.50 1.56 1.62
1.68 1.74 1.80 1.86 1.93 1.99 2.0 2.12 2.18 2.25
2.31 2.38 2.45 2.52 2.58 2.65 2.72 2.79 2.86 2.93
3.00 3.07 3.15 3.22 3.29 3.36 3.44 3.51 3.59 3.66
27

T Ot R W DN -

~1

3
3.73 3.81 3.88 3.96 4.04 4.11 4.19 4.z 4.34 4.42
19 4.50 4.58 4.65 4.73 4.81 4.89 4.97 5.05 5.13 5.21
11 5.29 5.37 5.45 5.53 5.61 5.69 5.78 5.36 5.94 6.02
12 6.10 6.19 6.27 6.35 6.44 6.52 6.60 5.69 6.77 6.85
13 6.94 7.02 7.11 7.19 7.28 7.36 745 7.93 7.62 7.70
14 779 7.88 7.96 8.05 3.13 8.22 8.31 3.39 8.48 8.57
15 8.66 3.74 8.83 8.92 9.00 9.09 9.18 9.27 9.36 9.44
16 9.53 9.62 9.71 9.80 9.89 9.98 10.06 10.15 10.24 10.33
17 10.42 10.51 10.60 10.69 10.78 10.87 10.96 11.05 11.14 11.23
18 11.52 11.41 11.50 11.59 11.68 11.77 11.36 11.95 12.04 12.13
19 12.22 12.31 12.41 12.50 12.59 12.68 12.77 12.86 12.95 13.04
20 13.14 13.23 13.32 13.41 13.50 13.59 13.69 13.7¢ 13.87 13.96
1 14.06 14.15 14.24 14.33 14.42 14.52 14.61 14.70 14.79 14.89
2 14.98 15.07 15.17 15.26 15.35 15.44 15.54 15.63 15.72 15.82
3 15.91 16.00 16.10 16.19 16.28 16.38 16.47 15.56 16.66 16.75
165.35 15.94 17.03 17.13 17.22 17.31 17.41 17.50 17.60 17.69
17.738 17.38 17.97 13.07 18.16 18.25 13.35 18,44 13.54 13.63
13.73 13,32 18.92 19.01 19.10 19.20 19.29 19.39 19.43 19.58

SISK

SN R R TS A N NI
o X o NN

N 19.A7 19.77 19.36 19 .96 20.05 20015 20 2.4 203 20.43 20.53
B 20,482 20.72 20.81 20.91 21.00 21.10 21000 21.29 21.38 2148
9 21.57 21.57 21.77 21.86 21.96 22.05 2215 22,24 22.34 22.43
30 22.53 2263 22.72 22.82 22.91 2 23,10 23.20 23.30 23.39
31 23.49 23.58 23.68 23.77 23.87 2. 2406 2416 24.25 24.35
32 2445 21.54 24.64 24,71 24.83 2 21 2512 25.22 25.31
3 25 4t 25.50 25.60 25.70 25.79 7 27 23.0% 26.18 2628
34 20,57 20 47 26.57 26.586 26.75 2t 2705 2714 27.24
) 27 34 2743 2753 27083 2772 2732 2 2500} 2811 28.21
3h 2%.30 2540 28.50 28 54 28.69 28 749 2859 23,98 2008 2018
37 2027 2937 2947 29.56 29 3R 29.78 285 B IRE 3005 3015
34 RIANAN" S0.34 30,44 300,53 30.83 3073 IV RIS 31.02 3112
3 3121 3131 31.41 3151 31.60 3170 1 st S1 00 31.99 3209
14 3217 AP 32.38 32,45 32.5% 3207 R 52087 3297 33,007

T (P-028)’

L Thndl cwoae T ored BT aquation @ = ————



Runoff for inches of rainfall -Curve no. 58

Inches

QU= W o~ O

p—
— O O X -1 D

12

0.00
0.04
0.27
0.67
1.17
76
2.41
3.11
3.86
4.63
5.43
6.26
7.10
7.96
8.83
9.72
10.61
11.52
12.43
13.34
14.27

0.00
0.05
0.31
0.71
1.22
1.82
2.48
3.19
4.71
6.34
7.19
8.05
8.92
9.81
10.70
11.61
12.52
13.44
14.36

0.00
0.07
0.34
0.76
1.28
1.88
3.26
4.01
4.79
5.60
6.43
7.27
8.13
9.01
9.90
10.79
11.70
12.61
13.53
14.45

0.00
0.09
0.38
0.81
1.34
1.95
2.62
4.09
4.87
5.68
6.51
7.36
8.22
9.10
9.98
10.88
11.79
12.70
13.62
14.55

0.00
0.11
0.41
0.86
1.40
2.01
2.69
3.41
4.16
4.95
5.7
6.59
7.44
8.31
9.19
10.07
10.97
11.88
12.79
13.71
14.64

0.00
0.13
0.45
0.91
1.45
2.08
2.76
3.48
4.24
5.03

5.84

6.68

7.53

3.40

9.27
10.16
11.06
11.97
12.88
13.81
14.73

0.00
0.16
0.49
0.96
151
2.14
3.55
4.32
5.11
5.93
6.76
7.62
848
9.36
10.25
11.15
12.06
12.98
13.90
14.83

0.01
0.18
0.53
1.01
1.57
2.21
2.90
3.63
4.40
5.19
6.01
6.85
7.70
R.57
9.45
10.34
11.24
12.15
13.07
13.99
14.92

0.21

7.79
3.66

0.03
0.24
0.62
111
1.70
2.34
3.04
3.78
4.55
6.17
7.02
7.87
8.75
9.63
10.52
1142
12.33
13.25
14.18
15.10

L1tV

22 15.20 15.29 15.38 15.48 15.57 15.66 15.76 15.85 15.95 16.04
23 16.13 16.23 16.32 16.41 16.51 16.50 16.70 16.79 1A.88 16.98
24 17.07 17.17 17.26 17.35 1745 754 17.64 1778 1783 17.92
25 18.01 18.11 18.20 13.30 18.39 13.49 13.58 13.83 13.77 13.37
26 18.96 19.06 1915 19.25 19.34 19,44 19.53 19.63 19.72 19.32
27 19.91 20.01 20.10 20.20 20.29 20.39 2043 20.58 2077
28 20.86 20.96 21056 2115 21.25 21.34 2144 2153 2172
29 21.82 2191 22.01 22.11 22.20 22.30 22.39 22.49 22.08
30 22.78 22.87 22.97 23.06 23.1H 23.26 23.35 23.45 23.04
31 23.74 23.83 23.93 24.03 24.12 24,22 24.31 24, 41 24.60
32 24.70 24.30 24.39 24.99 25.08 25.18 25.28 25.1 25.07
3¢ 25.66 25.76 25.36 25.95 26.05 26.15 26.24 2") 34
34 26.63 26.73 26.82 26.92 27.02 2711 2721 2731
35 27.60 27.89 2779 27589 27 98 23.08 2813 28.28
36 28.57 28.66 28.76 28.36 28.99 20.05 29.15 2925
37 29.54 29.83 29.73 29.33 29.93 30.02 30,12 30,22
3% 30.51 30.51 30.70 30,30 30,90 5190 31.99 5102
349 31,45 31.58 31.55 3177 31.37 S197 32.07 3219
15 32.46 32.5D 32.85 32 75 32.35 3224 3804 33 11
Nore el ined
210-VINEH, July 2004 R
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Runoff for inches of rainfall —Curve no. 59

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

1 .00 0.00 .00 0.00 0.00 0.00 0.01 0.01 0.02 0.03
2 0.05 0.07 0.08 0.11 0.13 0.15 0.13 0.21 0.24 0.27
3 0.30 0.34 0.37 0.41 0.45 0.49 0.53 0.58 0.62 0.67
4 0.71 0.76 0.81 0.86 0.91 0.96 Lol 1.07 1.12 1.18
5 1.23 1.29 1.35 1.41 1.47 1.53 1.59 1.65 1.71 L.77
2.23 2.30 2.37 2.44
3 3.00 3.08 3.15
7 3.75 3.82 3.90
>

6 1.84 1.90 197 2.03 2.10 2.17 2
7 251 2.58 2.65 2.72 2.79 2.86 2
8 3.22 3.30 3.37 3.45 3.52 3.60 3.
9 3.98 4.05 4.13 4.21 4.29 4.37 4.4s 4.53 4.60 4.68
10 4.76 4.84 4.92 5.01 5.09 o.17 5.25 5.33 5.41 5.49
11 5.58 5.66 5.7 5.82 5.91 5.99 6.07 6.16 6.24 6.33
12 6.41 6.50 6.58 6.66 6.75 6.83 6.92 7.01 7.09 7.18
13 7.26 7.35 7.43 7.52 7.61 7.69 778 7.87 7.95 8.04
14 8.13 8.22 8.30 8.39 8.48 8.57 8.66 8.74 8.83 8.92
15 9.01 9.10 9.19 9.28 9.36 9.45 9.54 9.63 9.72 9.81
16 9.90 9.99 10.08 10.17 10.26 10.35 10.44 10.53 10.62 10.71
17 10.80 10.89 10.98 11.07 1L.16 11.25 11.35 11.44 11.53 11.62
18 11.71 11.80 11.89 11.98 12.08 12.17 12.26 12.35 12.44 12.53
19 12.63 12.72 12.81 12.90 13.00 13.09 13.13 13.27 13.36 13.46
13.55 13.64 13.74 15.83 13.92 14.01 14.11 14.20 14.29 14.39
14.48 14.57 14.67 14.76 14.85 14.95 15.04 15.13 15.23 15.32
15.41 15.51 15.60 15.69 15.79 15.88 15.9%8 16.07 16.16 16.26
15.35 16.45 16.54 16.63 16.73 16.82 16.92 17.01 1711 17.20
17.29 17.39 17.48 7.58 17.67 7.7 17.3h 17.96 18.05 18.15
1324 18.34 1343 13.53 18.432 18.72 13.31 13.91 19.00 19.10
1919 19.29 19.38 12,48 19.57 19.67 13.73 19.36 19.95 20.05
20011 20.24 20.33 2043 20.53 20.82 20,72 20.31 20.91 21.00
25 2118 21.20 21.29 21.59 2148 21.53 2157 21,77 21.87 21.96
29 22.06 22.15 22,25 22.35 22.44 22.54 63 22.73 22.83 22.92
30 23.02 23.11 23.21 23.31 23,440 23.50 A0 23.69 23.79 23.88
51 23.98 24.08 2417 24.27 24.37 2446 58 24.66 24075 24.85

(AR NG ()
AN

[SSRNN]
3 U 8

(AR AR\

~1

Lo b

e

L S T N NN )

32 2195 25.04 2514 25.24 25.33 20.43 5.53 25.72 25.82
33 25.91 26.01 26,11 26.20 26.30 26.10 6,44 26.69 26.78
3 26.38 26.98 2707 2717 27.27 27.37 AR 27.56 27.66 27.75
35 27.95 2805 28. 14 28.24 28.34 2813 28.53 28.73
36 28.92 29.02 29.11 29.21 29.31 29.41 29.50 20.70
N 29.59 2099 3009 30,18 50,28 S0 30,18 3057
33 T 30.37 30,96 3108 5115 212a SRR 305 31.85
33 3174 31.34 3194 52.04 3215 32.25 A28 5243 32,82
14 A2 7 32.32 32,92 33.01 33001 33.21 3541 353, ) 33,30

(P-0.28)

Moo Fure it caias dorermined Ty aquaiion Q =

OA-L2 CU-UUNEHL July 2004



Curve

Runeoff for inches of rainfall—-Curve no. 60

---------------------------------------- Tenths ------c-cmmrmiea e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.04
0.06 0.08 0.10 0.12 0.15 0.17 0.20 0.23 0.26 .30
0.33 0.37 0.41 0.45 0.49 0.53 0.57 0.62 0.67 0.71
0.76 0.81 0.86 0.91 0.97 1.02 1.07 1.13 1.19 1.24
1.30 1.36 1.42 1.48 1.54 1.60 1.66 1.73 1.79 1.86
1.92 1.99 2.05 2.12 2.19 2.32 2.39 2.46 2.93
2.60 2.67 2.74 2.82 2.89 3.04 3.11 3.18 3.26
3.33 3.41 3.48 3.56 3.63 3.79 3.87 3.94 4.02
4.10 4.18 4.26 4.34 4.42 4.57 4.65 4.74 1.82
4.90 4.98 5.06 5.14 5.22 5.39 0.47 5.955 5.64
5.72 5.80 5.89 5.97 6.05 6.22 6.31 6.39 6.43
2 6.56 6.65 6.73 6.82 6.90 7.08 7.16 7.25 7.34

7.42 7.51 7.60 7.68 7.7 7.95 8.03 8.12 8.21

8.30 8.38 8.47 8.56 8.65 8.74 8.83 8.92 9.01 9.09

9.18 9.27 9.36 9.45 9.54 9.63 9.72 9.81 9.90 9.99
10.08 10.17 10.26 10.35 10.44 10.53 10.62 10.71 10.81 10.90
10.99 11.08 11.17 11.26 11.35 11.44 11.54 11.63 11.72 11.31
11.90 11.99 12.09 12.18 12.27 12.36 12.45 12.55 12.64 12.73
12.82 12.92 13.01 13.10 13.19 13.29 13.38 13.47 13.57 13.66
13.75 13.85 13.94 14.03 14.12 14.22 14.31 14.46 14.50 14.59
14.69 14.78 14.87 14.97 15.06 15.15 15.25 15.34 15.44 15.53
15.62 15.72 15.81 15.91 16.00 16.09 16.19 16.28 16.38 16.AT
16.57 16.66 16.76 16.85 16.94 17.04 17.13 17.23 17.32 1742
17.51 7.61 7.70 17.80 17.89 17.99 18.08 13.13 13.27 13.37
18.46 18.56 18.65 18.75 13.84 13.94 19.03 19.13 19.22 19.32
19.42 19.51 19.61 19.70 19.30 19.39 19.99 20.08 20018 20.23
20.37 20.47 20.56 20.66 20.76 20.35 20.95 21.04 2114 21.23
21.33 21.43 21.52 21.52 21.71 21.31 21.91 22.00 22.10 22.20
22.29 22.39 2248 22.58 22.88 22.77 22.87 22.97 23.06 A8
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o
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= bl pd ped et et
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NONEV ¥
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O

0 23.268 23.35 23.45 23.54 23.84 23.74 23.83 23.93 24.12
31 24.22 24.32 24.41 24.51 24.61 24.70 24 30 24.90 25.109
32 25.19 25.28 25.38 25.48 26.57 25.67 25.77 25.37 25.08
33 26.16 26.25 26.35 2645 26.54 26.84 26,74 28,34 2703
34 2713 27.22 27.32 2742 27.52 27.61 27.71 2731 25.00
35 2810 28.20) 25829 28.5 2849 28.59 28.68 2%.73 23
36 29.07 2917 29.27 29.36 29.46 29.56 29.66 29.75
37 30.05 30.14 30.24 30.34 3044 30.53 3003 30.73
33 31.02 31,12 31.22 31,52 3141 3151 31.51 3171
39 32.00 32.19 3214 32.29 32.39 32,49 32.549 32,95
40 32.95 33.08 33.17 3327 23.57 33.47 3358 33,36

Nore Rupoff value decerined Dy opanse G




Runoff for inches of rainfall —Curve no. 61

Inches

Tenths
0.5

fo)
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0.00
0.07
0.37
0.81
1.37
2.01

11.18
12.10
13.03
13.96
14.90
15.84
16.78
17.73
13.69
19.64
20.60
21.57
22.53
23.49
24.46
25.43
26.40)

0.00
0.09
0.40
0.86
1.43
2.07

N\
X

© WS OO W
= Ot Oy 0 O == W2 Ut =]
Gt S 3 O U = D

10.36
11.27
12.19
13.12
14.05
14.99
15.93
16.88
17.83
13.78
19.74
20.70
21.66
22.63
23.39
24.56
25.53
263.50

0.00
0.12
0.44
0.92
1.49
2.14
2.85
3.60
4.38
5.20
6.04
6.89
7.76
8.65
9.54
10.45
11.36
12.28
13.21
14.15
15.08
16.03
16.97
17.93
18.88
19.34
210,30
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[N NN AV A
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sy
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0.00
0.14
0.49
0.97
1.55
2.21
2.92
4.47
5.28
6.12
65.98
7.85
8.74
9.63
10.54
11.45
12.38
13.30
14.24
15.18
16.12
17.07
18.02
18.97
19.93
20.349
35

[N SN
WD
1
N N

B
-1 -1
[SRWI)

x|
~ 4
=

0.00
0.17
0.53
1.02
1.62
2.28

11.55
12.47
13.40
14.33
15.27
16.22
17.15
1312
19.07
2003
20.99
21.95
22.92

3.88

0.01
0.20
0.57
1.08
1.68
2.35
3.07
3.83
4.63
5.45
6.29
715
8.03
8.91
9.81
10.72
11.64
12.56
13.49
14.43
15.37
16.31
17.26
18.21
19.17
20012
21.08
22105
23.01
23.98
24.95
2592

26.39

0.02
0.23
0.62
1.14
1.74
2.42
3.14
3.91
4.71
6.38
7.24
8.11
9.00
9.90
10.81
11.73
12.65
13.58
14.52
15.46
16.41
17.35
13.31
19.26
20.22
2113
22,14
23.11
24.08
25.04
2h.01

26.99

0.
26

0

0.
L.
L.
2.
3.
3.
4.
D.

03

67
19
31
49
22
99
79
61

6.46

7.

9.

9.
10.
1.
12.
3.
14.
15.
15.
17.
13.
19.
20,

32
20
09
99
90
)
63
61
55
30
45
10
36

32

0.04
0.29
0.71
1.25
1.87
2.56
3.29
4.07
4 .87
5.70
6.55
7.41
8.29
9.18
10.08
11.00
11.91
12.84
13.77
14.71
15.65
16.59
7.54
13.50
19.45
20.41
21.37
22.34
23.30
2427
2524
26.21

27 1%

0.06
0.33
0.76
1.31
1.94
2.63

-
—
(W]}

oo
-1 O
jo)

LW = o
— N O UL O
oo Ly C

o

,_._.
— G

<>

D -3 S

16.69
17.64
13.59
19.55
20.51
2147
22.43
23.40
2437
25.34
26.31
27.28

: 2

3 2:

3 2

3 ) 2

3 2738 2747 2757 2747 2777 27 36 2798 25306 2315 2% 25

3 2335 2545 2854 2834 28.74 28 34 2893 29.03 20,13 20.23

35 2933 2942 2952 2952 29.72 29.31 2991 3001 30.11 30.20

37 3030 3040 3030 30.59 3059 30.79 30 %9 30,99 3108 31.1%

35 3128 3133 3147 3La7 3137 51.77 51,94 3206 3215

39 3226 3235 3245 3255 3255 3275 32,94 33,04 33.14

0 3324 3334 3343 3352 33433 3373 34,92 5407 3412
R , (P-0.28)°
Soie Zaroff sab oy sgquanon Q= m——r

P +0.8S
A-U JUYTNEH July 2004



Runoff for inches of rainfall—Curve no. 62

Inches

Tenths
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Runoff for inches of rainfall —Curve no. 63

---------------------------------------- Tenths - ------mvmmmm i
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.04 0.06 0.08
0.10 0.13 0.15 0.18 0.21 0.24 0.28 0.31 0.35 0.39
0.43 0.48 0.52 0.57 0.61 0.66 0.71 0.76 0.81 0.36
0.92 0.97 1.03 1.09 1.14 1.20 1.26 1.32 1.38 145
1.51 1.64 1.70 .77 1.84 1.90 1.97 2.04 2.11
2.18 2.32 2.39 2.46 2.53 2.61 2.68 2.75 2.83
2.90 3.05 3.13 3.20 3.28 3.36 3.44 3.51 3.59
3.67 3.83 3.91 3.99 4.07 4.15 4.23 4.31 4.39
4.47 1.64 4.72 4.80 4.88 4.97 5.05 5.13 5.22
10 5.30 5.47 5.55 5.64 5.72 5.81 5.89 5.98 6.07
11 6.15 6.32 6.41 6.50 6.58 6.67 6.76 65.84 6.93
12 7.02 7.20 7.28 7.37 7.46 7.55 7.64 7.7 7.81
13 7.90 8.08 8.17 8.26 8.35 8.44 8.53 8.62 3.71
14 8.80 8.98 9.07 9.16 9.25 9.34 9.43 9.52 9.61
15 9.71 9.80 9.89 9.98 10.07 10.16 10.25 10.35 10.44 10.53
16 10.62 10.71 10.80 10.90 10.99 11.08 1117 11.27 11.36 11.45
17 11.54 11.64 11.73 11.82 11.92 12.01 12.10 12.19 12.29 12.38
18 12.47 12.57 12.66 12.75 12.85 12.94 13.04 13.13 13.22 13.32
19 13.41 13.50 13.60 13.69 13.79 13.88 13.97 14.07 14.16 14.26
20 14.35 14.45 14.54 14.63 14.73 14.82 14.92 15.01 15.11 15.20
15.30 15.39 15.49 15.58 15.68 15.77 15.87 15.96 16.06 16.15
16.25 16.34 16.44 16.53 16.63 16.72 16.82 16.91 17.01 17.10
17.20 17.30 17.39 17.49 17.58 17.63 17.77 17.87 17.97 13.06
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Runoff for inches of rainfall—Curve no. 64

1 0.00 0.00 0.00 0.01 0.01 0.02 0.04 0.05 0.07 0.09
2 0.12 0.14 0.17 0.20 0.24 0.27 0.31 0.3 0.39 0.43
3 0.47 0.51 0.56 0.61 0.66 0.71 0.76 0.81 0.36 .92
4 0.97 1.03 1.09 L.15 1.21 1.27 1.33 1.39 1.45 1.52
5 1.58 1.65 1.71 1.78 1.85 1.92 1.98 2.05 2.12 2.19

6 2.27 2.34 241 2.48 2.55 2.63 2.70 2.78 2.85 2.93

7 3.00 3.08 3.18 3.23 3.31 3.39 3.47 3.5 3.62 3.70

3 3.7 3.86 3.94 4.02 4.11 4.19 4.27 4.35 443 4.51

9 4.60 4.68 4.76 4.85 4.93 5.01 5.10 5.18 5.27 5.35
10 5.43 5.52 5.61 5.69 5.78 5.86 5.95 6.03 6.12 6.21
11 6.29 6.38 6.47 6.56 6.64 6.73 6.82 6.91 5.99 7.08
12 717 7.26 7.35 7.44 7.53 7.61 7.70 7.7 7.88 7.97
13 8.06 8.15 8.24 8.33 8.42 8.51 8.60 8.69 3.78 8.87
14 8.96 9.05 9.15 9.24 9.33 9.42 9.51 9.60 9.69 9.78
15 9.88 9.97 10.06 10.15 10.24 10.34 10.43 10.52 10.61 10.70
16 10.80 10.89 10.98 11.07 11.17 11.26 11.35 11.45 11.54 11.63
17 L1.7: 11.82 11.91 12.01 12.10 12.19 12.29 12.38 12.47 12.57
13 12.66 12.75 12.85 12.94 13.04 13.13 13.22 13.32 13.41 13.51
19 13.60 13.69 13.79 13.88 13.98 14.07 14.17 14.26 14.36 14.45
20 14.55 14.64 14.73 14.83 14.92 15.02 15.11 15.21 15.30 15.40
15.49 15.59 15.69 15.78 15.88 15.97 16.07 16.16 16.26 1A.35
16.45 16.54 16.64 16.73 16.83 16.93 17.02 7.12 7.21 17.31
17.40 17.50 17.60 17.69 17.7¢ 17.88 17.98 13.08 1317 13.27
13.36 18.4A 18.56 18.5; 13.85 1394 19.04 1913 19.23
19.33 19.42 12.52 19.81 1991 20.00 20,10 20.20
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33 32.00 3210 5228 32.29 32,19 32.53 3233
39 32.95 3313 33.25 33 47 33.57 3337
40 33.97 308 RASE: 3426 3448 3455 AN
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Runoff for inches of rainfall—Curve no. 65

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.3 0.9

1 0.00 0.00 0.00 0.01 0.02 0.03 0.05 0.06 0.09 0.11
2 0.14 0.16 0.19 0.23 0.26 0.30 0.34 0.38 0.42 0.46
3 0.51 0.95 .60 .65 0.70 0.75 0.81 0.86 0.92 0.97
4 1.03 1.09 1.15 1.21 1.27 1.33 1.39 1.46 1.52 1.59
5 1.65 1.72 1.79 .86 1.93 2.00 2.07 2.14 2.21 2.28
6 2.35 2.43 2.50 2.57 2.65 2.72 2.80 2.87 2.95 3.03
7 3.10 3.18 3.26 3.34 3.42 3.50 3.58 3.66 3.74 3.82
8 3.90 3.98 4.06 114 4.22 4.30 4.39 4.47 4.55 4.64

9 4.72 1.80 4.89 4.97 5.06 5.14 5.23 5.31 5.40 5.48
10 5.57 5.65 5.74 5.33 5.91 6.00 6.09 6.17 65.26 6.35
11 6.44 6.52 6.61 6.70 6.79 6.88 6.96 7.05 7.14 7.23
12 7.32 7.41 7.50 7.59 7.68 7.77 7.86 7.95 8.04 8.13
13 8.22 8.31 8.40 3.49 8.58 8.67 8.76 8.835 8.94 9.03
14 9.13 9.22 9.31 9.40 9.49 9.58 9.68 9.77 9.86 9.95
15 10.04 10.14 10.23 10.32 10.41 10.51 10.60 10.69 10.78 10.88
16 10.97 11.06 11.16 11.25 11.34 11.44 11.53 11.62 11.72 11.81

7 11.90 12.00 12.09 12.18 12.28 12.37 12.47 12.56 12.65 12.75
18 12.84 12.94 13.03 13.12 13.22 13.31 13.41 13.50 13.60 13.69
19 13.79 13.88 13.98 14.97 14.17 14.26 14.35 14.45 14.54 14.64
20 14.73 14.83 14.93 15.02 15.12 15.21 15.31 15.40 15.50 15.59
15.69 [5.78 15.88 15.97 16.07 16.17 16.26 16.36 16.45 16.55
16.64 16.74 16.84 16.93 7.03 17.12 17.22 17.32 17.41 17.51
17.60 17.70 17.80 17.89 7.99 18.09 13.13 18.28 18.37 13.47

[\

N
D6 W DN

2 18.57 13.66 18.76 18.85 18.95 19.05 19.15 19.24 19.34 19.44
2 19.53 19.63 19.73 19.52 19.92 20.02 20011 20.21 20.7 20.40
21 20.50 20.50 20,89 20,79 20.39 20.98 21.08 21138 20 2137
27 2147 2157 21.88 21.79 21.36 21.95 22,09 22,15 225 22.34
23 2241 22.54 22.53 22.73 22.33 22.93 23.02 2312 23.22 23.32
29 23.41 23.51 23.51 23.71 23.80 23.90 24.00 2410 2419 24.29
30 2439 2449 24.53 2185 24.73 24.88 24.97 25.07 25.17 25.27
31 25.36 25.46 25.56 25.6 25.75 25.85 25.95 2605 26.15 26.24
32 26.34 26,14 26.54 26 26,73 26.83 26.93 2703 2712 27.22
23 27.32 2742 2752 27 2771 2731 2791 230 23 14 283.20
34 25.30 23.40 2350 BL 28.69 28.79 23.39 2 29.08 2913
35 29.2% 29.38 PARRE 24 20.67 29.77 29.37 2 3007 3015
36 30.26 30.34 30,48 3 30.66 30.75 30.35 30,92 3105 35115
37 3124 31,54 3140 3 31.ad 31.74 31.%83 319 3203 3243
33 32.23 32.33 32,42 3 3242 32.72 32 82 232 33402 SHRN!
54 33.21 533,31 3301 3 3301 33.70 3340 3. 3490 sd Lo
40 34,20 S 30 34,39 3d 49 REST 34.69 AN b 199 35.0%
7 (P -0.2S)
Note: Funcif fat el Cadtion
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Runoff for inches of rainfall—Curve no. 66
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Runeoff for inches of rainfall -Curve no. 67
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Curve

Runoff for inches of rainfall —Curve no. 68

[nches | 0.0 0.1 0.2 0.3 0.4 0.5 » 0.6 0.7 0.8 0.9

1 0.00 0.01 0.01 0.03 0.04 0.06 0.08 0.11 0.13 0.16
2 0.20 0.23 0.27 0.31 0.35 0.39 0.43 0.483 0.53 .58
0.63 0.68 0.73 0.7 0.85 0.90 0.96 102 1.08 .14
4 1.21 1.27 1.34 1.40 1.47 1.53 1.60 1.67 1.74 1.81
b) 1.88 1.95 2.03 2.10 2.17 2.25 2.32 2.40 247 2.55
6 2.62 2.70 2.78 2.86 2.93 3.01 3.09 3.17 3.25 3.33
7 3.41 3.49 3.58 3.66 3.7 3.82 3.90 3.99 4.07 4.15
3 4.24 4.32 4.41 4.49 4.58 4.66 4.75 4.83 4.92 5.00
9 5.09 5.18 5.26 5.35 5.44 5.53 5.61 5.70 5.7¢ 5.88
10 5.97 6.05 6.14 6.23 6.32 6.41 6.50 6.59 6.68 6.77
11 6.86 6.95 7.04 7.13 7.22 7.31 7.40 7.49 7.58 7.67
12 7.76 7.85 7.94 8.04 8.13 8.22 8.31 8.40 8.49 8.59
13 8.68 8.77 8.86 8.95 9.05 9.14 9.23 9.33 9.42 9.51
14 9.60 9.70 9.79 9.88 9.98 10.07 10.15 10.26 10.35 10.44
15 10.54 10.63 10.73 10.82 10.91 11.01 11.10 11.20 11.29 11.38
16 11.48 11.57 11.67 11.76 11.86 11.95 12.04 12.14 12.23 12.33

7 12.42 12.52 12.61 12.71 12.80 12.90 12.99 13.09 13.18 13.28
18 13.38 13.47 13.57 13.66 13.7 13.85 13.95 14.04 14.14 14.23
19 14.33 14.43 14.52 14.62 14.71 14.81 1491 15.00 15.10 15.19
20 15.29 15.39 15.48 15.58 15.67 15.77 15.87 15.96 16.06 16.16
2 : 16.35 16.45 16.54 16.64 16.73 16.83 16.93 17.02 1712
17.22 17.31 17.41 17.51 17.60 17. 17.30 17.89 17.99 18.09
13.28 18.38 18.48 18.57 13. 18.77 13.36 18.96 19.06
19.25 19.35 19.45 19.54 19. 19.74 19.34 19.93 20.03
20.23 20.32 20.42 20.52 210.71 20.31 20.91 21.00
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26 2110 21.20 21.30 21.39 21.49 21.39 21.89 2 21.88 21.98
27 22.08 2218 22.27 22.37 22.47 22.57 22.86 2: 22.36 22.96
23 23.06 23.15 23.25 23.35 23.45 23.54 23 .54 2. 23.34 2394
29 24.08 24,13 24.23 24.33 24.43 24.52 24.52 2 24.32 24.92
30 25.01 25.11 25.21 25.31 25.41 25.50 25.50 21 25.30 25.99
31 26.00 26.09 26.19 26.29 26.39 26.49 26.53 2i 26.73 26.38
32 26.98 27.08 27.17 27.27 27.37 2747 2750 2 27.78 27.36
33 23.06 28.16 28.28 28.35 2845 : 23 28.75 2385
34 2904 29.14 29.24 29.34 29.44 2 29.73 29.83
35 30.03 30.13 30.23 5042 30 30.72 30.32
38 31.01 3111 31.21 31.41 3 31.70 31.30
37 32.00 32.10 32.20 32,40 3 32.89 52,79
38 32,39 33.09 33.19 33.38 31 33.68 3373
3 339 34.07 3417 34.57 3 3487 3477
41 396 35.06 35.15 3030 RHIEOE 35768 30.75
S (P-028)’
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69

Runoff for inches of rainfall —Curve no. 69

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.3 0.9

0
1 0.00
2 0.22
3 0.67
4 1.27

0.02 0.03 0.05 0.07 0.09 0.2 0.15 0.18
0.29 0.33 0.38 0.42 0.47 .52 0.57 0.62
0.84 0.90 0.95 1.02 1.08 1.14 1.20
1.40 1.47 1.53 1.60 1.67 1.74 1.81 1.89
5 1.96 2.18 2.25 2.33 2.41 2.48 2.56 2.64
6 2.71 ¢ 2.95 3.03 3.11 3.19 3.27 3.35 3.43
7 3.52 3.60 3.63 3.76 3.85 3.93 4.01 4.10 4.18 4.27
8 1.35 4.44 4.52 4.61 4.69 4.78 4.87 4.95 5.04 5.13
9 5.21 5.30 5.39 5.48 5.56 5.65 5.7 5.83 5.92 6.01
10 6.10 6.18 6.27 6.36 6.45 6.54 6.63 6.72 6.81 6.90
11 6.99 7.08 717 7.27 7.36 7.45 7.54 7.63 772 7.81
12 7.90 8.00 8.09 8.18 8.27 8.36 8.46 3.59 8.64 8.73
13 8.83 8.92 9.01 9.11 9.20 9.29 9.38 9.48 9.57 9.66
14 9.76 9.85 9.95 10.04 10.13 10.23 10.32 1041 10.51 10.60
15 10.70 10.79 10.88 10.98 11.07 1117 11.26 11.36 11.45 11.55
16 11.64 11.74 11.83 11.93 12.02 12.12 12.21 12.31 12.40 12.50
7 12.59 12.69 12.78 12.88 12.97 13.07 13.16 13.26 13.35 13.45
18 13.55 13.64 13.74 13.83 13.93 14.02 14.12 14.22 14.31 14.41
19 14.50 14.60 14.70 14.79 14.89 14.99 15.08 1218 15.27 15.37
20 15.47 15.56 15.66 15.76 15.85 15.95 16.05 1514 15.24 16.34
16.43 16.53 16.63 16.72 16.82 16.92 17.01 7 7.21 17.30
17.40 17.50 17.59 17.69 17.7¢ 17.88 17.98 13.08 13.18 18.27
15
12
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13.37 13.56 18.66 18.76 18.36 13.95 19.05 19.1: 19.25
19.34 19.54 19.63 19.73 19.83 19.93 2002 20.12 20.22
20.32 20.51 20.61 20.71 20.30 20.90 2000 21.10 21.20
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23 23.25 23.43 23.54 23.64 23.74 233 23004 24003 2413
29 24.23 2443 24.52 24.62 24.74 2442 2492 25.02 25.11
30 25.21 25.41 25.51 25.61 25.70 25.30 2590 26.00 26.10
3t 268,19 2/.39 26.49 26.59 26.69 26.7% 25,38 26.08 27.08
32 2714 27.38 27.47 2757 27.67 2707 2787 27.97 28.06
33 25 14 25.38 28.46 28.56 28.66 23.74 25,35 23.95 29.05
34 2015 29.35 29.44 29.54 29.64 29.74 2934 20.94 30.04
35 an.13 30.33 30.43 30.53 30.83 30,73 5883 30.92 31.02
36 3112 31.32 31.42 31.52 31.51 5171 31 =1 3191 32.01
37 3211 32.31 32441 32.50 32.80 32,76 3250 32.90 33.00
33 3510 33.29 33.39 33.49 33.59 33,730 3379 33,589 33.99
39 3419 Seb.2x 34.3%8 343 5455 3das B TS RERE 3498
40 3507 3527 35.37 35.47 3047 SHIEN 50T 3257 3597
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Runoff for inches of rainfall—Curve no. 70
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30 2541 2551 2381 25 2531 25.90 23.00 26,10 253,20 :

31 2640 2649 2659 26.69  26.79  26.80 26.59 27.09 2713 7.28
32 273% 2748 2753 2768 2778 2787 2707 2307 2517 3.27
33 2837 2847 2858 28806 2878 2834 23,088 2906 2015 2925
34 2035 2045 2055 20685 2075 2035 29.95 30.04 30,14 30.24
35 3034 3044 3054 3084 3074 3033 3093 31.03 3113 31.23
34 3133 3143 3133 31A3  31.72  31.82 31.92 32.02 32.12 32.22
37 a282  a242 0 3250 32481 3271 32051 32 01 33.01 33,11 33.21
34 3331 3341 3350 3380 3370 3330 3390 5400 34,10 34.20
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Runoff for inches of rainfall—Curve no. 71

0 0.00 0.00 0.00
1 0.01 0.12 0.03 0.06 0.07 0.10 0.13 0.18 0.19 0.23
2 0.27 0.31 0.35 0.40 0.44 0.49 0.54 0.60 0.65 0.70
3 0.76 0.82 .88 0.94 1.00 1.07 1.13 .19 1.26 1.33
4 1.40 1.46 1.53 1.60 1.68 1.73 1.32 1.89 1.97 2.04
5 2.12 2.19 2.27 2.35 2.43 2.50 2.58 2.66 2.7 2.82
3] 2.90 2.98 3.06 3.14 3.23 3.31 3.39 3.47 3.56 3.64
7 3.73 3.31 3.89 3.98 4.06 4.15 4.24 4.32 4.41 4.50
8 4.58 4.67 4.76 4.84 4.93 5.02 5.11 5.20 5.28 5.37
9 5.46 9.9 5.64 3.75 5.82 5.91 5,00 5.09 6.18 6.27
10 6.36 6.45 6.54 6.63 6.72 6.81 6.90 7.00 7.09 718
11 7.27 7.36 7.45 7.55 7.64 7.7 7.32 7.92 8.01 8.10
12 8.19 8.29 8.38 8.47 8.57 8.66 8.75 8.85 8.94 9.03
13 9.13 9.22 9.32 9.41 9.50 9.60 9.689 9.79 9.88 9.97
14 10.07 10.16 10.26 10.35 10.45 10.54 10.64 10.73 10.83 10.92
15 11.02 11.11 11.21 11.30 11.40 11.49 11.59 11.68 11.78 11.87
16 11.97 12.06 12.16 12.25 12.35 12.45 12.54 12.64 12.73 12.83
7 12.93 13.02 13.12 13.21 13.31 13.41 13.50 13.60 13.69 13.79
15 13.89 13.98 14.08 14.18 14.27 14.37 14.47 14.56 14.66 14.76
19 14.85 14.95 15.05 15.14 15.24 15.34 15.43 15.53 15.63 15.72
15.82 15.92 16.01 16.11 16.21 16.30 16.40 16.50 16.60 16.69
16.79 16.89 16.98 17.08 17.18 17.28 17.37 17.47 17.57 17.67
17.76 17.86 17.96 18.06 18.15 18.25 18.35 13.45 18.54 13.64
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23 13.74 13.34 18.93 19.03 19.13 19.23 19.32 19.42 19.52 19.62
24 19.71 19.51 19.91 20.01 2011 20.20 20.30 20040 20.50 20.60
25 20.59 20,79 20.89 20.99 21.08 21.138 21.38 21.48 21.57
27 157 2177 21.87 22.97 2219 2238 22.48 22.56
27 2.65 22.73 22.85 2z 23.05 23.15 23.34 25.44 3.54
23 3.8 23.73 23.33 2 24.08 24.13 2452 24.42 4.52
29 1.52 24.72 24.82 2e 25.01 25.11 25 31 25.41 5.51
30 5.60 25.70 25.80 2 26.00 26.10 26,29 26.39 5.49
31 (.59 26.839 26.7¢ 26.89 26.98 27.08 27258 27.38 48
< >
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5 27.77 27 2327
3t K50 28.86 28.76 28.586 28.96 29.00 2025 29.35 9.45
34 9.5 20.65 29.75 29.35 20.95 30.04 024 30.34 .44
35 .54 a0 8’4 30.74 30 34 30.95 3103 S1028 31.33 143
3 1.5 31.33 3L.73 31.32 31.92 32.02 32,22 32.32 32.42
37 52,52 32 A4 32.72 32.31 32.491 3391 5o 2l 33.31 53,1
33 335,51 3381 33.71 33.30 33.90 3400 Lo 34.30 3k 4D
33 a4050 34,430 34,70 34.30 34 30 34,99 351 35.29 35.39
I3 25 I 35659 357y 35.39 3595 3000 2Ads 36,28 3n.88
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Runoff for inches of rainfall—Curve no. 72

Inches
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Runoff for inches of rainfall—Curve no. 73

Inches | 0.0 0.1 n.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
0.02 0.03 0.05 0.07 0.10 0.13 0.16 0.20 0.24 0.28
0.32 0.37 0.41 0.46 0.51 0.57 0.62 0.68 0.7 0.80
0.86 0.92 0.98 1.05 1.11 1.18 1.25 1.32 1.39 1.46
1.53 1.60 1.67 1.75 1.82 1.90 1.97 2.0 2.12 2.20
5 2.28 2.36 2.44 2.52 2.60 2.68 2.78 2.84 2.92 3.01
6 3.09 3.17 3.25 3.34 3.42 351 3.59 3.68 3.76 3.85
7 3.93 4.02 4.11 4.19 4.28 4.37 4.46 4.54 4.63 4.72
8 4.81 4.90 4.99 5.08 5.17 5.25 5.34 5.43 5.52 5.61
9 5.70 5.80 5.89 5.98 6.07 6.16 6.25 6.34 6.43 6.52
10 65.62 6.71 6.80 6.89 6.98 7.08 717 7.26 7.35 745
11 704 7.63 7.73 7.82 7.91 8.01 3.10 3.19 8.29 8.38
12 8.48 8.57 8.66 8.76 8.85 8.95 9.04 9.13 9.23 9.32
13 0.42 9.51 9.61 9.70 9.80 9.89 9.99 10.08 10.18 10.27
14 £0.37 10.46 10.56 10.65 10.75 10.584 10.94 11.04 11.13 11.23
15 11.32 11.42 11.51 11.61 11.71 11.80 11.90 11.99 12.09 12.19
16 12.28 12.38 12.47 12.57 12.67 12.76 12.86 12.96 13.05 13.15
7 13.25 13.34 13.44 13.54 13.63 13.73 13.83 13.92 14.02 14.12
13 14.21 14.31 14.41 14.50 14.60 14.70 14.79 14.89 14.99 15.09
19 15.18 15.28 15.38 15.48 15.57 15.67 15.77 15.86 15.96 16.06
0 16.16 16.25 16.35 16.45 16.55 16.64 16.74 16.84 16.94 17.03

713 17.23 17.33 17.42 7.52 17.62 17.72 17.82 17.91 18.01
13.11 18.21 18.30 18.40 18.50 18.60 18.70 13.79 18.89 18.99
19.09 19.19 19.28 19.38 19.438 19.58 19.68 19.77 19.87 19.97
20.07 20.17 20.36 20.16 20.56 20.56 20,75 20.85 20.95
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Runoff for inches of rainfall—Curve no. 74
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Runoff for inches of rainfall —Curve no. 75

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
1 0.03 0.05 0.07 0.10 0.13 0.17 0.20 0.24 0.29 0.33
0.43 0.48 0.54 0.59 0.65 0.71 0.77 0.83 0.90
3 0.96 1.03 1.10 1.16 1.23 1.30 1.37 1.45 1.52 1.59
4 1.67 1.74 1.82 1.90 1.97 2.05 2.13 2.21 2.29 2.37
5 2.45 2.53 2.61 2.70 2.7 2.86 2.95 3.03 3.11 3.20
) 3.28 3.37 3.46 3.54 3.63 3.71 3.80 3.89 3.98 4.06
7 4.15 4.24 4.33 4.42 451 4.59 4.68 4.77 4.86 4.95
3 5.04 5.13 5.22 5.32 5.41 5.50 5.59 5.68 5.77 5.86
9 5.95 6.05 6.14 6.23 6.32 5.42 6.51 6.60 6.69 6.79
10 6.88 6.97 7.07 7.16 7.25 7.35 7.44 7.53 7.63 7.72
11 7.82 7.91 8.00 3.10 8.19 8.29 8.38 8.48 8.57 8.67
12 8.76 8.86 3.95 9.05 9.14 9.24 9.33 9.43 9.52 9.62
13 9.71 9.81 9.90 10.00 10.09 10.19 10.29 10.38 10.48 10.57
14 10.67 10.77 10.86 10.96 11.05 1115 1125 11.34 11.44 11.54
15 11.63 11.73 11.82 11.92 12.02 12.11 12.21 12.31 12.40 12.50
16 12.60 12.69 12.79 12.89 12.99 13.08 13.18 13.28 13.37 13.47
17 13.57 13.67 13.76 13.86 13.96 14.05 14.15 14.25 14.35 14.44
15 14.54 14.64 14.74 14.83 14.93 15.03 15.13 15.22 15.32 15.42
19 15.52 15.61 15.7 15.81 15.91 16.00 16.10 16.20 15.30 16.40
20 16.49 16.59 16.69 16.79 16.88 16.98 17.08 17.18 17.28 17.37
21 17.47 17.57 17.67 7.7 17.86 17.96 18.06 15.16 18.26 18.36
13.45 13.55 18.65 18.75 18.85 18.94 19.04 19.14 19.24 19.34
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Runoff for inches of rainfall—Curve no. 76
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Runoff for inches of rainfall—Curve no. 77

---------------------------------------- Tenths -----aommmm e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03
1 0.05 0.07 0.10 0.13 0.17 0.21 0.25 .30 0.34 0.39
2 0.45 0.50 0.56 0.62 0.68 0.74 0.80 0.87 0.93 1.00
3 1.07 1.14 1.21 1.28 1.36 1.43 1.50 1.58 1.66 1.73
4 1.81 1.89 1.97 2.05 2.13 2.21 2.29 2.37 2.46 2.54
5 2.62 2.71 2.78 2.87 2.96 3.04 3.13 3.22 3.30 3.39
6 3.48 3.56 3.65 3.74 3.83 3.92 4.01 4.10 4.18 4.27
7 4.36 4.45 4.54 4.63 4.7¢ 4.82 4.91 5.00 5.09 5.18
8 5.27 5.36 5.46 5.55 5.64 5.73 5.833 5.92 6.01 6.10
9 6.20 6.29 65.38 £.48 6.57 6.66 6.76 65.85 6.95 7.04
1< 7.13 7.23 7.32 742 7.51 7.61 7.70 776 7.89 7.98
11 8.08 8.17 8.27 8.36 8.46 8.56 8.65 8.75 8.84 3.94
12 9.03 9.13 9.22 9.32 9.42 9.51 9.61 9.70 9.80 9.90
13 9.99 10.09 10.19 10.28 10.38 10.47 10.57 10.67 10.76 10.86
14 10.96 11.05 11.15 11.25 11.34 11.44 11.54 11.64 11.7: 11.83
15 11.93 12.02 12.12 12.22 12.31 12.41 12.51 12.61 12.70 12.80
16 12.90 13.00 13.09 13.19 13.29 13.39 13.48 13.58 13.68 13.78
7 13.87 13.97 14.07 14.17 14.26 14.36 14.46 14.56 14.65 14.75
18 14.85 14.95 15.05 15.14 15.24 15.34 15.44 15.54 15.63 15.75
19 15.83 15.93 16.03 16.12 16.22 16.32 16.42 16.52 16.61 16.7
20 16.81 16.91 17.01 17.11 17.20 17.30 17.40 17.50 17.60 17.70
1 17.7¢ 17.89 17.99 18.09 183.19 13.29 18.38 18.48 18.58 18.63
2 18.7¢ 18.88 18.98 19.07 19.17 19.27 19.37 19.47 19.57 19.67
23 19.76 19.86 19.96 20.06 20.16 20.26 20.36 2045 20.55 20.65
20.85 20.95 21.05 A5 21.24 A4 21.64
21.84 21.94 22.03 A3 A3 22.63
83 22.92 23.02 A2 A2 23.62
B2 23.91 24.01 Ny 11 3 24.81
31 24.90 25.00 A0 a0 25.50
S0 25.59 25.99 09 49 25,549
79 26.89 26.99 08 2758
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Runoff for inches of rainfall—Curve no. 78
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79

Runoff for inches of rainfall—Curve no. 79

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.3 0.9

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.04
1 0.07 0.10 0.13 0.17 0.21 0.26 0.31 0.36 0.41 0.46
2 0.52 0.58 .64 0.71 0.77 0.84 0.90 0.97 1.04 1.12
3 [.19 1.26 1.34 1.41 1.49 1.57 1.64 1.72 1.80 1.38
4
5

1.96 2.04 2.13 2.21 2.29 2.38 2.46 2.54 2.63 2.71
: 2.80 2.89 2.97 3.06 3.15 3.24 3.32 341 3.50 3.59
6 3.68 3.77 3.86 3.95 4.04 4.13 4.22 4.31 4.40 4.49
7 4.58 4.67 4.77 4.86 4.95 5.04 5.14 5.23 5.32 5.41
8 5.51 5.60 5.69 5.79 5.88 5.97 6.07 6.16 6.26 .35
9 6.44 6.54 6.63 6.73 6.82 6.92 7.01 7.11 7.20 7.30
10 7.39 7.49 7.58 7.68 7.77 7.87 7.96 8.06 8.16 8.25
11 8.35 8.44 8.54 8.63 8.73 8.83 8.92 9.02 9.12 9.21
12 9.31 9.41 9.50 9.60 { 9.79 9.89 9.99 10.08 10.18
13 10.28 10.37 10.47 10.57 10.66 10.76 10.86 10.96 11.05 15
14 11.25 11.34 11.44 11.54 11.64 11.73 11.83 11.93 12.03 12.12
15 12.22 12.32 12.42 12.51 12.61 12.71 12.81 12.90 13.00 13.10
16 13.20 13.30 13.39 13.49 13.59 13.69 13.7 13.88 13.98 14.08
7 14.18 14.28 14.37 14.47 D7 14.67 14.77 14.86 14.96 15.06
18 15.16 15.26 15.36 15.45 15.55 15.65 15.75 15.85 15.95 16.04
19 16.14 16.24 16.34 16.44 16.54 16.64 16.73 16.83 16.93 17.03
20 17.13 17.23 17.32 17.42 17.52 17.62 72 17.82 17.92 13.02
21 18.11 18.21 18.31 18.41 18.51 18.61 1 18.80 13.90 19.00
22 19.10 19.20 19.30 19.40 19.50 19.60 19.69 19.79 19.89 19.99
23 20.09  20.19 20.29 20.39 20.49 20.58 20.78 20.88 20.98
5 .
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33 34.9%

24 (2108 2118 2128 2138 2147 2157 R7 2077 2187 2197
25 2207 2217 2 22.37 2247 2256 22.88 22.7h 2236 22,08
2812306 2318 2 2338 2348 2356 2355 2375 2335 2395
27 |2405 2405 2425 2435 2445 2455 2485 2LTE 2434 2404
28 |25.04 2504 2524 2534 2544 2354 2584 2574 2554 2504
20 |26.04 2613 2623 2633 2643 2653 2683 26.73 2683 26.03
30 |27.03 2713 2723 2733 2743 2752 2742 2772 2782 2792
31 2802 2812 2822 2832 2842 2852 28.42 2872 2882 28.92
320|202 20001 2921 2031 2941 2951 2951 2971 2931 20.91
3313000 3001 30.21 3031 3041 3051 3081 T 3050 3090
34 [3L00 3110 3120 3130 3140 3150 A0 BLTO 3130 3190
35 3200 3200 3220 3230 3240 32,50 A 3270 3270 3289
36 [32.99 3309 3319 3329 3339 3349 3¢ 3 3379 3389
3T 12309 3409 301D 3429 3439 3449 ; Mo 3Ty 3438

1508 3508 3528 3538 3548 g A8 35S 3538

34 3308 A% 3R 2N 3.3 36.453 RHIRE 36,75 I 88
40 R09% 0 STOR 3T IR 37T 3737 3747 3747 5747 T 3787

(P-028)
P+0.8S

Noter Runodt vaive dorerread L) cquanon Q =

L0A-32 202-VENEH, Suly 20043



Runeoff for inches of rainfall-Curve no. 80
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81

Runoff for inches of rainfall—Curve no. 81

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.3 0.9

0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.07
0.10 0.13 0.17 0.22 0.27 0.32 0.37 0.42 .48 0.54
0.67 0.74 0.80 0.87 0.94 1.02 1.09 1.16 .24
1.32 1.39 147 1.55 1.63 7l L.79 1.37 1.96 2.04
2.21 2.29 2.38 2.47 2.59 2.64 2.73 2.31 2.90
: 3.08 3.17 3.26 3.34 3.43 3.52 3.62 3.7 3.80
6 3.89 3.98 4.07 4.16 4.25 4.35 4.44 4.53 4.62 4.72
7 4.81 4.90 5.00 5.09 5.18 5.28 5.37 5.46 5.56 5.65
8 5.75 5.84 5.94 6.03 6.13 6.22 6.31 5.41 6.51 6.60
9 6.70 6.79 6.89 6.98 7.08 7.17 7.27 7.37 7.46 7.56
75 7.85 7.94 8.04 8.13 8.23 8.33 3.42 8.52

8.71 3.81 3.91 9.00 9.10 9.20 9.30 9.39 9.49

12 9.59 9.68 9.78 9.88 9.98 10.07 10.17 10.27 10.37 10.46
13 10.56 10.66 10.76 10.85 10.95 11.05 11.15 11.24 11.34 11.44
14 11.54 11.63 11.73 11.83 11.93 12.03 12.12 12.22 12.32 12.42
15 12.52 12.61 12.71 12.81 12.91 13.01 13.11 13.20 13.30 13.40
16 13.50 13.60 13.69 13.79 13.89 13.99 14.09 14.19 14.29 14.38
17 14.48 14.58 14.68 14.78 14.88 14.97 15.07 15.17 15.27 15.37
18 15.47 15.57 15.66 15.76 15.86 15.96 16.06 15,16 16.26 16.36
19 16.45 16.55 16.65 16.75 16.85 16.95 17.05 1715 17.24 17.34
20 17.44 7.54 17.64 7.7 17.84 17.94 18.04 13.13 18.23 13.33

W N -
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— <

Ot
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N
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21 18.43 18.53 13.63 18.75 18.83 18.93 19.03 19.12 19.22 19.32
22 19.42 19.52 19.62 19.72 19.82 19.92 20.02 2011 20.21 20.31
23 20.41 20.51 20.61 20.71 20.81 20.91 21.01 21.11 21.21 21.30
24 21.40 21.50 21.60 21.70 21.80 21.90 22.00 22,10 22.20 22.30
25 22,440 22.50 22.59 22.69 22.7¢ 22.89 22.99 23.09 23.19 23.29
26 23.39 23.49 2358 23.59 23.79 23.88 23.98 2408 24,18 24.28
27 21.38 2443 2 21.63 24.78 24.88 24.9% 25,65 2518 25.28
2% 25.88 2547 a7 25087 25.77 25.37 25.97 2607 26517 26.27
29 26.37 26,47 21 26,37 26.77 26.37 26.97 2707 2718 27.26
30 27.36 2746 2 2786 27.76 27 .86 27.96 28.06 2516 28.26
31 28.36 25146 28 28.66 28.76 28.36 28.96 2900 29.15 29.25
32 29.35 29.45 21 29,85 29.75 29.85 29.95 30.05 3015 30.25
33 30.35 3045 3 30.85 30.75 30.85 30.95 3105 3015 31.25
34 31.34 3144 3 31.74 31.74 31.84 31.94 32.04 32.14 32.24
35 R 32,44 3% 32,04 32.74 32.34 32.94 3304 5514 33 24
36 33.44 3: 33.084 33.74 33.83 34.93 3413 34.23
37 SR %] 34 3433 34.73 34.%3 55033 23513 3523
33 3543 RE 35.083 35.73 35.83 3 10,13 33.23
534 3. 43 3072 36.72 36.82 ) 12 3722
) 712 37 A2 3772 3782 = e 3822
S (P-0.28)°
Notor Rupail cune o rod oy suation @=————

OReET! LOWINEH, July 206040



Runeoff for inches of rainfall—-Curve no. 82
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9.03
10.00
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11.96
12.94
13.93
14.91
15.90
16.89
17.88

16.99 17.09
17.98 18.08

10.30
11.28
12.26
13.24
14.22
15.21
16.20
17.19
1818

0.03
0.46
1.15
1.95
2.31
71
A3
57
52
13
A5

9.42
10.39
11.37
12.35
13.34
14.32
15.31
16.30
17.29
158.28

(7]

[y

[SEaa

(.58
3.55

9.52
10.49
11.47
12.45
13.44
14.42
15.41
16.40
17.38
18.37

0.08
0.58
1.30
2.12
2.99
3.89
4.82
5.76
6.71
7.68
5.64
961
10.59
11.57
12.55
13.53
14.52
15.51
16.49
17.48
18.47

-
21 13.57 18.67 18.77 18.87 18.97 19.07 19.17 19.27 19.37 19.46
22 19.56 19.66 19.76 19.86 19.96 20.06 20.16 20.26 20.36 20.46
23 20.56 20.65 20.75 20.85 20.95 21.06 2115 21.20 21.35 2145
24 21.55 21.65 21.75 21.85 21.95 22.04 22.14 22.24 22.534 22.44
25 22.54 22.84 22.74 22.34 22.94 23.04 23.14 23.24 23.34 23.43
25 23.53 23.33 23.73 23.83 23.93 2493 2443 24.23 24.38 2443
27 2453 24.83 24.73 24.83 24.93 25.03 25.12 25,24 25.32 25.42
23 25.52 25.52 25.72 25.82 25.92 26.02 2612 25822 26,32 26.42
219 268.52 26.62 26.72 26.82 26.92 2701 2711 2721 27.31 2741
30 2751 2751 2771 27.81 27.91 28.01 2311 28 21 28.31 28.41
31 28.51 28.51 28.71 28.81 28.91 29.01 29.11 20.20 29.30 29.40
32 29.50 2130 29.70 29.80 29.90 30.00 3010 30.20 30.30 30.490
3. 30.30 30,50 30.70 30.80 30.90 31.00 3119 3120 31.40
34 31.50 3159 31.69 31.79 31.89 31.99 32.009 32.19 32.39
35 3249 32.59 32.69 32.79 32.89 32.99 33.09 35,19 33.39
36 33.49 33.59 33.69 33.79 33.89 33.99 34.09 34,19 34.39
37 S344s 3454 34.68 34.73 34,38 34958 3505 3018 33.38
33 3548 35,58 35.48 35.7% 35.58 35.98 3605 ST 37,38
39 3548 36,54 36.688 36.78 36.38 36.98 3708 B 3738
i) 57 37 5% 3783 37.7% 37.37 3797 RESO 3T 3837
s (P-0.2S)
Moo e uancn Q=

“219-VINEH, July 2004



83

Runeoff for inches of rainfall—Curve no. 83

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.5 0.7 0.8 0.9

0 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.06 0.09
1 0.13 0.17 0.22 0.27 0.32 0.38 0.44 0.50 0.56 0.63
2 0.69 0.76 0.83 0.91 0.98 1.06 1.13 1.21 1.29 1.37
3 1.45 1.53 1.61 1.69 1.77 1.86 1.94 2.03 2.11 2.20
4
5

2.29 2.37 2.46 2.55 2.64 2.72 2.81 2.90 2.99 3.08
B 3.17 3.26 3.35 3.45 3.54 3.63 3.72 331 3.90 4.00
6 4.09 1.18 4.28 4.37 4.46 4.56 4.74 1.84 4.93
7 5.03 5.12 5.22 5.31 5.40 5.50 5.69 5.79 5.88
8 5.98 6.07 6.17 6.26 6.36 6.45 6.65 T 6.84
9 6.93 7.03 7.13 7.22 7.32 7.42 761 1 7.80
10 7.90 3.00 8.09 8.19 8.29 8.39 3.48 3.58 8.68 8.78
11 8.87 8.97 9.07 9.16 9.26 9.36 9.46 9.56 9.65 9.75
12 9.85 9.95 10.04 10.14 10.24 10.34 10.44 10.53 10.63 10.73
13 10.83 10.93 11.02 11.12 11.22 11.32 11.42 LL.5l 11.61 11.71
14 11.81 11.91 12.01 12.10 12.20 12.30 12.40 12.50 12.60 12.69
15 12.79 12.89 12.99 13.09 13.19 13.29 13.38 13.48 13.58 13.68
16 13. 13.88 13.98 14.07 14.17 14.27 14.37 14.47 14.57 14.67
7 14 14.86 14.96 15.06 15.16 15.26 15.36 15.46 15.56 15.66
18 15. 15.85 15.95 16.05 16.15 16.25 16.35 16.45 16.55 16.64
19 16, 16.84 16.94 17.04 17.14 17.24 17.34 17.44 17.54 17.64
L7.7: 17.83 17.93 18.03 18.13 18.23 18.33 13.43 18.53 18.63
18. 18.82 13.92 19.02 19.12 19.22 19.32 19.42 19.52 19.62
19. 19.82 19.92 20.02 20.11 20.21 20.31 20.41 20.51 20.61
20.81 20.91 21.01 1 21.21 21.31 2141 51 21.60
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4 21.70 21.30 21.90 22.00 22.10 22.20 22.30 22 2.50 22.60

3 22.70 22.80 22.90 23.00 23.10 23.19 23.20 23.59 23.49 23.59
24 23.59 23.79 23.39 23.99 24.09 24.19 2:4.24 2438 2449 24.59
27 24.89 24.79 24.39 24.99 25.08 25.1% 2 2558 2548 25.58
23 25,58 25.7% 25.38 25.98 26.08 26,15 2625 2058 26,13 26.58
29 273,53 268,78 20,38 26.98 27.08 2717 2 2787 2747 27.57
30 27.87 2777 2737 27.97 28.07 28.17 28.27 2337 23,47 28.57
31 2887 28.77 23837 28.97 29.07 29.17 29.27 29.37 29.47 29.57
32 29.96 29.78 29.3a 29.96 30.06 30.16 30.26 50.58 3046 30.56
33 30.66 30.75 30,38 30.96 31.06 3118 3128 L8 31.48 31.56
34 31.688 3L.7A 3 31.96 32.06 32148 2.28 32.58 3246 32.56
35 32,45 32.75 3 32.95 33.05 33.15 325 2205 25345 33.55
36 33.65 33.75 3 33.95 34.05 34.15 g £.3 34,45 34.55
37 34A5 RETS 2135 34.95 3505 35.15 354D 3595
33 35.65 55.75 36.35 35.95 36.04 36.14 364 36.54
39 SIRNG S0 T 38,34 36.94 3704 371 37 44 37.54
" 37 37T 7o 2794 35,04 351k $obd 35.54
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Runoff for inches of rainfall—Curve no. 84
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Runoff for inches of rainfall—Curve no. 85
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Runoff for inches of rainfall—Curve no. 86
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Runoff for inches of rainfall —Curve no. 87
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Runoff for inches of rainfall —Curve no. 88
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89

Runoff for inches of rainfall—Curve no. 89
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Runoff for inches of rainfall—Curve no. 90
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Runoff for inches of rainfall—Curve no. 92
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Runoff for inches of rainfall—Curve no. 93

0 0.00 0.00 0.00 0.02 0.06 0.11 0.17 0.23 0.30 0.37
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23 22.12 22.32 22.42 22.52 22.62 22.72 22.82 22.92 23.02
24 23.12 2 23.32 23.42 23.52 23.62 23.72 23.82 2 24.02
25 24.12 2 24.32 24.42 24.52 24.62 24.72 24.82 2 25.02
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Runoff for inches of rainfall—Curve no. 94
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Runoff for inches of rainfall—Curve no. 97

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.3 0.9

0.00 0.00 0.04 0.10 0.18 0.26 0.34 0.43 0.52 0.61
0.71 0.30 0.90 0.99 1.09 1.18 1.28 1.38 1.48 1.57
67 77 1.87 1.97 2.07 2.16 2.46 2.56
2.86 2.96 3.06 3.15 3.35 3.45 3.55
3.85 3.95 4.05 4.15 4.45 4.55
4.85 4.95 5.05 5.15 5.35 5.44 5.54
5.84 5.94 6.04 6.14 6.44 6.54
6.84 6.94 7.04 7.14 T.44 7.54
7.84 7.94 8.04 8.14 8.44 8.54
3.84 8.94 9.04 9.14 9.44 9.54
9.84 9.94 10.04 10.14 10.44 10.54
10.84 10.94 11.04 11.14 11.44 11.54
11.84 11.94 12.04 12.14 12.44 12.54
12.84 12.94 13.04 13.14 13.44 13.54
13.84 13.94 14.04 14.14 14.44 14.54
14.84 14.94 15.04 15.14 15.44 15.54
15.84 15.93 16.03 16.13 16.43 16.53
16.83 16.93 17.03 17.13 17.43 17.53
17.83 17.93 18.03 18.13 13.43 18.53
18.83 18.93 19.03 19.13 19.33 19.43 19.53
19.83 19.93 20.03 20.13 20.33 20.43 20.53
20.83  20.93 21.03 21.13 21.33 21.43 21.53
21.83 21.93 22.03 22.13 22.33 22.43 22.53
2233 2293 23.03 23.13 23.43 23.53
23.83 23.93 24.03 24.13 24.43
24.93 25.03 25.13 25.43
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Runoff for inches of rainfall—Curve no. 98
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