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Introduction 

The 24-hr NRCS “5-point” rainfall distribution is described in the 2006 draft version of the 
NRCS National Engineering Handbook (NRCS NEH, 2006). In this paper this method will be 
referenced as the 5-point distribution. This method divides the 24-hour distribution into four quadrants. 
The 6-hour PMP is placed in the second quadrant. The rainfall difference of the 12-hour PMP and the 6-
hour PMP is placed in the third quadrant. The remaining rainfall for the 24-hour PMP is divided in the 
first and fourth quadrant. A uniform distribution is utilized for each six-hour increment. 

The 5-point method is now considered a valid alternative PMP distribution for many NRCS 
dams and is expected to become an acceptable PMP distribution by many jurisdictions. There are a large 
number of existing dams in the United States undergoing periodic spillway capacity reviews. There is 
expected to be an interest on the part of the owners of these dams to check the spillway performance 
under a PMF calculated by the 5- point PMP.  Normally, this would involve development or 
modification of a hydrological model requiring considerable time and money investment. This study 
describes a short-cut method in form of a simple equation for predicting the PMF dam peak inflow 
based on the 5-point PMP. The simple equation also provides an approximation of the PMF dam peak 
outflow. 

 

Derivation of the Simple Equation 
 

Because the 5-point distribution puts a 6-hr intense rainfall with constant intensity in the second 
quadrant the peak flow generated in a watershed with time of concentration less than approximately 5.5 
hours tends to reach the equilibrium peak discharge that may be predicted by the Rational Method. 
Because the use of NRCS method based on CN is very customary it would be most useful to derive the 
equation for the 5-point PMP based PMF peak flow using the Curve Number (CN) rather than the 
Rational Runoff coefficient C. Figure 1 is a graphical output of a HEC-HMS model showing a typical 5-
point PMP hyetograph, rainfall losses, excess rainfall hyetograph generated by using the CN method 
(CN for this case was 81) and the runoff hydrograph.  

The simplest approach to estimate the peak flow would be to only concentrate on the rainfall in 
the second quadrant and ignore all hydrological losses during the second quadrant. This means that the 
rate of excess rainfall would be the same as the average intensity of the 6-hour PMP calculated by the 6-
hour PMP depth divided by 6 hours. Multiplying the resulting rainfall intensity (in inches per hour) by 
the watershed area (in square miles) would give a first approximation of the PMF peak flow generated 
by the 6-hour PMP. The following describes derivation of a more accurate approximation method. 
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Figure 1. Typical 24-hour 5-point PMP Hyetograph and PMF Runoff Hydrograph Calculated in HEC-HMS. 
 

Unless the PMP depth is relatively small and the CN is very low (in 50 to 55 range) the initial 
abstraction (Ia) is normally satisfied within the first PMP quadrant (P1).  
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The first quadrant P may be written as; 
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Where P1 is the first quadrant P in inches and the PMP24 and PMP12 are the 24-hr and the 12-hr 
PMP depths expressed in inches. For most cases the difference between P1 and Ia is positive which 
means just as seen in Figure 1, P1 completely satisfies Ia and has some excess rainfall during the first 
quadrant. This excess rainfall results in a modest rise in the hydrograph before the intense rainfall of 
second quadrant takes effect. This initial runoff rate shown in Figure 1 as Q1 could be as high as 15% of 
the peak flow and so must be considered in evaluation of peak flow. Sample calculations showed that 
this flow rate can be related to CN and the area of the watershed (A in square miles) as well as the first 
quadrant P (P1) or the second quadrant P (P2). To simplify the derivations, the peak flow needs to be 
related to the intense rainfall of the second quadrant. For a CN= 70, Q1 was found to be proportional to 
P2/64. For curve numbers different from 70, the adjustment ratio of P2/64 was found to decrease 
approximately linearly with CN.  Given the conversion rate of 640 acre/square mile, and recognizing 
that in the 5-point distribution the second quadrant rainfall is the same as the 6-hr PMP depth (PMP6) the 
appropriate form of the equation was found as follows: 
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Where Q1 is the initial discharge rate in the first quadrant in cfs and A is area in square miles. 



 

The excess rainfall during the second quadrant can be calculated by writing the NRCS runoff 
equation for the case when the initial abstraction is already fully satisfied but the potential maximum 
retention (S) is not further reduced appreciably: 
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where Pe2 is the excess rainfall depth in the second quadrant. Consider the equilibrium peak flow due to 
the constant rainfall rate of the second quadrant (Q2) expressed by Rational Equation; 
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Where C is runoff coefficient and I is the average intensity of rainfall and A is the watershed area in 
square miles. The product of the runoff coefficient and the average rainfall intensity (constant in this 
case) can be estimated as the average excess rainfall rate in the second quadrant which is: 
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Where CI is in in/hr. Combining equations 4, 5 and 6 and simplifying results in this equation for Q2 in 
cfs: 
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Sample calculations for watersheds ranging from 0.08 to 31 square miles showed that showed 

that an area adjustment factor equal to (1-0.0017 A) would improve the results of the above equation 
which otherwise tends to overestimates the peak flows particularly for large watershed areas.  Combing 
Equations 3 and 7 and applying the area adjustment factor to the combined equation leads to the 
equation for the PMF peak flow rate. 
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Where Qp is the PMF peak flow resulting from the 5-point PMP in cfs, PMP6 is the depth of the 6-hr 
PMP in inches, CN is the Curve Number and A is the watershed area in square miles and the area 
reduction factor may become unreasonable for watershed areas larger than 50 square mile. Peak flows of 
PMF calculated by Equation 8 are independent of watershed Time of Concentration (Tc). However, 
Equation 8 is more appropriate for watersheds with Time of Concentration shorter than 6 hours.  Also,  



 

the largest watershed area tested with this equation was 31 square miles. PMP peak flows calculated by 
Equation 8 increase mildly with CN (adding one to CN increases Qp by 0.5% (for low CNs) and only by 
0.2% (for high CNs). 
 

Testing the New Equation and Discussion of the Results 
 
The final form of the new equation was given above as Equation 8. Table 1 presents the 

comparison of the PMF peak flows calculated by the new equation to the PMF peak flows obtained by 
full hydrological modeling in HEC-HMS using the 5-point PMP for six dams in Virginia. The data in 
this table were gathered from various dam safety and dam break studies conducted by Dewberry (2006-
2008).  
 
Table 1. Comparison of PMF Dam Peak Inflow Rates by the New Equation to the Dam PMF Peak Inflow Rates 
Calculated by HEC-HMS based on 5-point PMP for Six Dams in Virginia. 

Dam No.

Dam 
Basin Area

(square 
miles) CN

QP 
HEC-HMS

(cfs)

QP 
Shortcut 
Equation

(cfs)
difference

(%) Notes
1 0.30 76 872          877         0.52% 1sub-basin, no routing
2 0.46 76 1,347       1,353      0.44% 1sub-basin, no routing
3 2.59 83 7,688       7,796      1.40% 2 sub-basin, little routing
4 7.20 76 21,300     21,399    0.46% routing to dam (long lake)
5 15.24 74 42,591     42,763    0.40% 1sub-basin, no routing
6 30.97 79 88,042     87,709    -0.38% 5 sub-basins, routing to dam  

 
As evident from Table 1, the new equation predicts the PMF dam peak inflow based on the 5-

point PMP very successfully. The percentage of error of prediction is generally less than 1% (except for 
dam #3 that has a 1.4% error).  

When the PMF hydrograph is calculated using the 5-point PMP, the effects of channel routing 
and time transfer from sub-basins to the watershed outlet are not significant due to relatively long period 
of slowly changing discharges near peak flow time. Therefore, the new equation is expected to also 
closely reproduce the PMF peak flow from the overall watershed modeled as several sub-basins in HEC-
HMS. Table 1 indicates a small increase in error of prediction of the new equation as the area of the dam 
watershed increases and runoff is subject to more regulation and routing upstream of the dam. Note that 
in every case the new equation which does not account for routing effects, slightly over predicted the 
HEC-HMS peak flow.  

Because for most watersheds with Time of Concentration smaller than 6 hours the constant or 
the nearly constant inflow rate to the dam reservoir is sustained for a relatively long time, the dam 
inflow PMF peak inflow calculated by the new equation can also be used as a good approximation of 
dam outflow for most dam spillway configurations assuming the initial reservoir level to be at normal 
water surface elevation. For all cases in Table 1 the Time of Concentration was less than 6 hours and the 
largest watershed area was 31 square miles. 

For the dam Number 4 in Table 1, the PMF calculated based on the 5-point PMP was larger than 
the PMF peak flow calculated for other rainfall distributions (NRCS 6-hr and 24-hr ESFB). Therefore, 
the 5-point distribution was used as the critical PMF alternative and was also used for evaluating the 
contribution of the areas downstream of the dam in mapping PMF inundation zone. Table 2 compares 
the PMF peak flows calculated by the new equation to HEC-HMS results for all sub-basins upstream 



 

and downstream of the dam. Almost for all sub-basins the new equation produced nearly identical values 
to the HEC-HMS model with maximum percentage different less than less than 1.4%. 
 
Table 2. Comparison of the Results by the New Equation against HEC-HMS Model Results for Sub-basins both 
Upstream and Downstream of the Dam for Dam Number 4 in Table 1. 
Sub-basin A CN HMS Qp New Eq. Qp % diif

10 1.116 73.7 3,321    3,327          0.19%
20 0.825 66.6 2,417    2,403          -0.58%
22 0.258 73.5 769       771             0.25%
23 0.077 73.9 231       231             0.16%
24 0.108 63.9 316       312             -1.23%
26 0.132 62.7 385       380             -1.33%
30 0.485 72.3 1,433    1,440          0.52%
32 0.151 67 446       442             -0.72%
40 0.080 72.8 238       238             0.00%
42 0.237 75.9 709       714             0.68%
54 2.281 75.5 6,814    6,828          0.21%
56 0.348 75.9 1,033    1,045          1.16%
58 0.261 78.8 780       790             1.29%  

 
 

Conclusions 
 

Sample calculations for several watersheds and dams in Virginia showed that the new equation 
matches the PMF peak flows calculated by a HEC-HMS model very closely. For most watershed 
conditions channel flow routing through various sub-basins would not change peak flow of a 5-point 
PMF hydrograph. Therefore, this new equation could predict the peak dam inflow from the entire area of 
a dam watershed. Similarly, the peak flow attenuation of a 5-point PMF as it is routed through the dam 
reservoir is expected to be minimal. Hence, this new equation could provide a good approximation of 
the dam PMF peak outflow calculated by the 5-point PMP method. 

The new equation may be used as a quick and simple way to eliminate the 5-point distribution as 
one of the rainfall distributions that must be fully evaluated in a hydrologic model to determine the 
critical PMF alternative. 
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