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APPLICATION OF PROBABLE MAXIMUM PRECIPITATION ESTIMATES 
- UN'ITED STATES EAST OF THE lOSTH MERIDI.AN 

E. M. Hansen, L. C. Schreiner* and J. F. Miller 
Water Management Information Division 

National Weather Service, NOAA, Silver Spring, Md. 

ABSTRACT--This study provides a stepwise approach to the 
temporal and spatial distribution of probable maximum 
precipitation (PMP) estimates derived from 
Hydrometeorological Report No. 51, "Probable Maximum 
Precipitation Estimates - United States East of the lOSth 
Meridian." Included are discussions of the shape and 
orientation of isohyetal patterns for major rainfalls of 
record. An elliptical isohyetal pattern with a ratio of 
major to minor axes of 2. 5 to 1 is recommender!, and a 
procedure is outlined for obtaining appropriate isohyet 
values. A procedure is given to determine PMP values for 
durations less than 6 hours. Example applications have been 
worked through to serve as guidance in the use of this 
procedure. 

1. INTRODUCTION 

1.1 Background 

·Generalized estimates of all-season probable maximum precipitation (PMP) 
applicable to drainages of the United States east of the lOSth m~ridian are 
provided in Hydrometeorological Report No. 51 (qchreiner and Riedel lq78). 
Hereinafter, that report will be referred to as HMR No. 51, and references to 
other reports in this series will be similarly abbreviated. 

·. The terminology in HMR No. 51 has not always been precise, particularly where 
PM'!=' estimates are referrerl to as being for rlrainages from 10 to 20,000 mi 2 It 
is important to realize that the term drainages as used in that report is a 
rather loose interpretation when the more precise term is areas. The term 
drainage or drainage area in the present report will apply to a specific drainage 
only. HMR No. 51 provides storm-area PMP estimates for a specific range of area 
sizes (10 to 20,000 m:t 2 ) and durations (6 to 72 hr). 

1.2 Objective 

The objective of this report is to aid the user in adapting or applying PMP 
estimates from HMR No. 51 to a specific drainage. This report recommends a 
procedure for the application of PMP estimates to a drainage for which both the 
temporal and spatial distributions are needed. This information is necessary for 
the determination of peak discharge and can be useful in estimating the maximum 
volume in evaluations of the probable maximum flood (PMF). 

*Current affiliation Bureau of Reclamation, Denver, Colorado. 



1.3 Definitions 

Probable Maximua Precipitation (PMP). Theoretically the greatest depth of 
precipitation for a given duration that is physically possible over a given size 
storm area at a particular geographical location at a certain time of the year. 
(This definition is a 1982 revision to that used previously (American 
Meteorological Society 1959) and results from mutual agreement among the National 
Weather Service, the U.S. Army Corps of Engineers, and the Bureau of 
Reclamation •) 

PMP Storm Pattern. The isohyetal pattern that encloses the PMP area plus the 
isohyets of residual precipitation outside the PMP portion of the pattern. 

Stonr-centered area-averaged PMP. The values obtained from HMR No. 51 
corresponding to the area of the PMP portion of the PMP storm pattern. In this 
report all references to PMP estimates or to incremental PMP infer storm-area 
averaged PMP. 

Drainage-averaged PMP. After the ~p storm pattern has been distributed across a 
specific drainage and the computational. procedure of this report applied, we 
obtain drainage-averaged PMP estimates. These values include that portion of the 
PMP storm pattern that occur aver the drainage, both PMP and residual. 

Temporal Distribution. The order in which 6-hr incremental amounts are arranged 
in a 3-day sequence (72 hr). This report includes information regarciing 
determination of hourly and smaller units within the maximum 6-hr increment, but 
does not discuss the distribution of units less than 6-hr. 

Spatial Distribution. The value of fixed isohyets in the idealized pattern storm 
for each 6-hr increment and shorter durations within the maximum 6-br increment 
of PMP when area-averaged PMP is to be distributed. 

Total Storm Area and Total Storm Distribution. The largest area size ann longest 
duration for which depth-area-duration data are available in the records of major 
storm rainfall. 

Standard Areas. The specific area sizes for 
from the generalized maps in HMR No. 51, 
10,000-, and 20,000-mi2 areas. 

which PMP estimates are available 
i.e., 10-, 200-, 1,ooo-, s,ooo-. 

Standard Isohyet Area Sizes. In this report, the standari! isohyet area sizes 
are are those enclosed by the isohyets of the recommended pattern, i.e., 10, 25, 
50, 100, 175, 300, 450, 700, 1,000,21,500, 2,150, 3,000, 4,500, 6,500, 10,000, 
15,000, 25,000, 40,000, and 60,000 mi , 

Residual Precipitation. The precipitation that occurs outside the area of the P~P 
pattern placed on the drainage, regardless of the area size of the drainage. 
Because of the irregular shape of the drainage, or because of the choice of a PMP 
pattern smaller in area than the area of the drainage, the residual precipitation 
can fall within the drainage. A particular advantage in the consideration of 
residual precipitation, is that of allowing for the rletermination of concurrent 
precipitation, i.e., the precipitation falling on an adjacent drainage as 
compared to that for which the PMP pattern has been applied. 
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Isobyetal Orientation. The orientation (direction from north) of the major axis 
through the elliptical JB ttern of R1P. The term is used in this study also to 
define the orientation of precipitation patterns of mjor storms when 
a ppro:xim ted by elliptical JB tterns of best fit. 

Within/Without-Storm Depth-Area Relations. This relation evolves from the 
concept that the depth-area relation for area-averaged EMP represents an 
envelopment of maximized rainfall from various storms each effective for a 
different area size(s). The within-storm depth-area relation represents the 
areal variation of precipitation within a storm that gives R1P for a fBrticular 
area size. This can also be stated as the storm that results in R1P for one area 
size my not give EMP for any other area size. Except for the area size that 
gives EMP, the within-storm depth-area relation will give depths less than PMP 
for StJBller area sizes. This concept is illustrated in the sche1IBtiC diagram 
shown in figure 1. In this figure, precipitation for areas in the PMP storm 
outside the area size of the EMP pattern describes a without-storm depth-area 
relation. The precipitation described by the without-storm relations is· the 
residual precipitation defined elsewhere in this report. 

1.4 StDIDIIlry of Procedures and Methods of this Report 

All procedures described in this study are bised on infornBtion derived from 
l!Bjor storms of record, and are applicable to nonorographic regions of the 
eastern United States. 

The temporal distributions provided allow some flexibility in determining the 
hydrologically most critical sequence of incremental EMP. The procedure used to 
determine the temporal distributions has been used in some other 
Hydrometeorological Branch reports (Riedel 1973, and Schw:~.rz 1973 for example), 
and is described in chapter 2. 

We have surveyed mjor storm isohyetal p:~.tterns for statistics on p:Lttern 
sh:t.pe, and h:t.ve adopted an elliptical shape having a 2.5 to 1 ratio of rrajor to 
minor axes as representative of a precipitation plttern. This elliptical shape 
has been adopted for PMP and is applied to all 6-hr incremental pltterns. The 
discussion of the shape of the isohyetal pltterns is found in chapter 3. 

Another aspect of this study is a generalized approach to adjustments for 
pattern orientation to fit the drainage when inconsistent with the orientation 
determined for the PMP isohyetal plttern. Outlined in chapter 4 is an empirical 
method that allows up to 15 percent reduczion to storm-centered area-averaged R1P 
for drainage areas larger than 3,000 mi which differ by more than 40 degrees 
from the orientation consistent with R1P-producing storms. 

In determining sp:~.tial distribution a bisic assumption is that rainfall depths 
for areas sunller and larger than the total area for which PMP is needed over a 
particular drainage, are less than PMP. (See within/without-storm depth-area 
definitions.) This assumption, for areas smller than the :EHP, has been commonly 
mde in some other studies by this branch (Riedel 1973, Riedel, et al. 1969, and 
others), and results in what has been referred to in those reports as within
storm or within-drainage depth-area-duration (D.A.D) relations. Application of a 
similar assumption to areas larger than that for the IMP is a consideration 
unique to the present study and introduces the concept of residual precipitation. 
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(See sec. 1.3 definitions.) Discussion of the procedure to obtain the sp1tial 
distribution of R1P and the residual precipitation is given in chapter s. 

For many drainages, it is frequently necessary to have values for durations 
less than 6 hours. Procedures for obtaining the percentage of the greatest 6-hr 
'increment that occurs in the mximum 5, 15, 30 and 60 min are provided in chapter 
6. We do not in this report attempt to define the temporal distribution within 
the greatest 6-hr increment except to suggest that the 5-, 15- and 30-min values 
should be included within the maximum 60 min. It is anticiJated that the time of 
occurrence of the maximum 60 min within the 6-hr increment will be the subject of 
a future study. 

1 .. 5 Application to DIP 

For those interested in the application of PM.P from HMR No. 51 (nonorographic 
region only) to a specific drainage, chapter 7 is most important. This chapter 
provides a step-by-step approach to guide the user through the application of 
procedures developed in this report. Examples have been worked out in sufficient 
detail to clarify important aspects of these procedures. 

The examples in chapter 7 give the user a procedure to obtain the mximum 
volume of rainfall for a drainage. Finding the mximum volume of rainfall is 
only p3.rt of the hydrologic problem. Another important question is the protable 
mximum peak flow that could occur at the proposed hydrologic structure. The 
solution is somewhat more difficult to directly ascertain than finding the 
mximum volume. The calculation of peak flow is highly dependent on a mixture of 
hlsin parameters such as lag time, time of concentration, travel time, and loss 
rate functions in combination with the amotmt, distribution and placement of the 
PMP storm within the drainage. Because of the interaction of these parameters, 
we cannot provide a simple stepwise procedure to determine peak flow. The user 
must weigh carefully the effect of the various parameters, drawing on his 
experience and knowledge of the drainage tmder study, and determine, through a 
series of trials, what combination of hydrologic parameters will produce the 
naximum peak flow. 

1.6 '•Some Other Aspects of Tempoml and Spatial Distributions 

Although we present a procedure that leads to temporal and spatial distribution 
of PMP, we recognize that some considerations have not been discussed in this 
study. When storm data become sufficiently plentiful, and when our knowledge of 
storm dynamics permits, these considerations my lead to improvements in the 
current procedures. Meanwhile only brief comments follow regarding two such 
considerations for future study. 

1.6.1 Moving rainfall centers 

Our procedure assumes that isohyetal patterns for all 6-hr R1P increments 
renBin fixed with time, i.e., all ar1 centered at the same location. For large 
drainages (greater than 10,000 mi. , for example), it is meteorologically 
reasonable for the rainfall center to travel across the drainage with time during 
the storm. It is conceiwble that such movement could result in a higher flood 
peak if the direction and speed of movement coincides with downstream progression 
of the flood crest. 
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It was decided jointly by the Corps of Engineers and the Hydrometeorological 
'Branch that the present report would not cover application of moving centers. 
·Generalization of moving centers would require analysis of observational data 
such as incremental storm isohyetal patterns that are presently not available. 
It is anticipated that a future study will cover moving centers. 

1~6.2 Distributions from an actual stora 

Use of elliptical patterns for spatial distribution permits simplicity in 
generalized depth-area relations and in determining isohyet values. It also 
helps maintain consistency in results among drainages, area sizes, and 
durations. Such consistency is also maintained by the recommended temporal 
distributions. An alternate but unrecommended procedure is to adopt the 
distributions of a record storm precipitation that occurred on the drainage or 
within a homogeneous region including the drainage. 

The isohyetal pattern from an actual storm might "fit" a drainage better than 
an elliptical pattern, and multiplying the isohyets by percent of PMP (say for 6 
hours for the drainage, divided by the drainage depth from the storm pattern 
after it is located on the drainage) will give isohyet values for PMP. Such 
isohyets, however, quite possibly could give greater than PMP depths for smaller 
areas within the drainage. 

'the temporal distribution of such a storm could also he used for ~p, Again, 
however, there could very likely be problems. The most intense three 6-hr rain 
increments in a 72-hr storm may be widely separated in a time sequence of 
incremental rainfall (mass curve). Thus, 12- or lR-hr PM~ could not be obtained 
unless rain bursts somehow were brought together. · However, such arrangement is 
often done as a maximization step and PMP depths from HMR No. '51 used. These 
modifications would be towards the generalized criteria of the present study in 
which there are no results that are inconsistent or irreconcilahle. 

Paulhus and ·auman (1CJS3) published a technique for using an actual pattern for 
distributing PMP. The referenced paper describes a "sliding" technique for 
obtaining the spatial distribution of PMP that has its greatest merit in 
applications in the more orographic regions (stippled zones in HMR No. 51) 
covered by this study, such as the Appalachians and along the western border to 
the region, where site-specific studies are recommended. However, we advise 
caution in application of this technique directly as Paulhus and Gilman have 
proposed, in that it is possible to obtain PMP for a much smaller area size than 
that for the drainage to which it is applied. Since this disagrees with our 
within-storm concept, we therefore suggest adherence to the following 
modifications to the technique presented by Paulhus and Gilman, if it is used: 

a. Use a set of depth-area relations (from HMR No. 51) which, when "slid over" 
the depth-area relations for the storm, will give PMP for an area size within 10 
percent of the area of the drainage of concern. 

b. It is desirable that PMP (from HMR No. 51) be obtained for at least the 
hydrologically critical duration. 

c. For other durations between 6 and 72 hours, stay within 15 percent of ~p 
as specified in HMR ~o. 51. For additional information regarding application of 
this technique, the reader is referred to the Paulhus and Gilman paper. 



1.7 Other Meteorological Considerations 

Other aspects of extreme rainfall criteria can be important to determinations 
of peak flow. Some of these aspects are described here. 

1.7.1 PMP for smaller areas within the total drainage. 

Our previous studies have concentrated on defining PMP for the total drainage 
area. In fact, in the present study we recommend spatial distributions resulting 
in somewhat less than PMP for smaller as well as larger areas than the PMP 
pattern. The question can naturally be asked, rioes PMP for a smaller area size 
than the storm area size that is applicable to the entire drainage, which when 
centered over a portion of the drainage (experiencing more intense rainfall than 
that for the entire drainage), result in a more critical peak flow? There is a 
possibility that PMP covering only a subportion of the drainage could provide a 
hydrologically more critical peak discharge, and the hydrologist should consider 
such a possibility. The depth of rainfall to use over the remaining portion of 
the drainage would need to be specified. (See discussion on residual 
precipitation in sections 3.5.3 and 5.2.5.) 

1.7.2 Rains for extended periods 

Especially for large drainages, rainfalls for durations longer than 3 days 
could be important in defining critical volumes for hydrologic design. As 
examples, the Hydrometeorological Branch, working with Corps of Engineers 
hydrologists, has evaluated the meteorology of hypothetical sequences of record 
storms transposed in space and recommended how close together such storms can 
follow each other (Myers 1959, and Schwarz 1961). Similar studies may be needed 
for other large drainage projects. Sufficiently severe assumptions, however, 
relative to how full reservoirs are prior to the PKF and the antecedent soil 
conditions, could obviate the need for such studies. 

1.8 Report Preparation 

Preparation of this r~port began in 1977 as follow on studies to HMR No. 51. 
Initial discussions with the Corps of Engineers outlined the scope of the 
project. As indicated in a previous section, certain problems were left to be 
considered in later studies. The basic studies were undertaken when all the 
authors were affiliated with the National Heather Service (NWS). These sturlies 
were completed after one of the authors, 1. Schreiner, transferred to the Bureau 
of Reclamation (USBR). Several of the concepts and procedures includerl in this 
report evolved after }[r. Schreiner's transfer, as a collaborative effort of the 
three authors and other meteorologists affiliated with both the N't.JS and the USBR. 

2. TEMPORAL DISTRIBUTION 

2.1 Introduction 

tfuen applying PMP to determine the flood hydrograph, it is necessary to specify 
how the rain falls with time, that is, in what order various rain increments are 
arranged with time from the beginning of the storm. Such a rainfall sequence in 
an actual storm is given by what is called a mass curve of rainfall, or the 
accumulated rainfall plotted against time from the storm beginning. Mass curves 
observed in severe storms show a great variety of sequences of rain increments. 
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Th.ble i.-Major storms from IIMR No •. 51 used in this study 

Storm 
Storm center assignment Ia t. 

location lbte number (") (') 
l. Jefferson, OR (TjT 'lTl0-1371878 OR 9-19 41 45 
2. Wellsboro, PA 5/30-6/1/1889 SA 1-1 41 45 
3. Greeley, NE 6/4-7/1896 MR 4-3 41 33 
4. lambert, MN 7/18-22/1897 l.MV 1-2 47 47 
s. Jewell, MD 7/26-29/1897 NA 1-78 38 46 

6. Hearne, TX (T) 6/27-7/1/1899 (}1 3-4 30 52 
7. Eutaw, AL 4/15-18/00 IMV 2-5 32 47 
8. P.aterson, NJ (T) 10/7-11/03 GL 4-9 40 55 
9. Medford, WI 6/3-8/05 GL 2-12 45 08 

10. Bonaparte, IA 6/9-10/05 IMV 2-5 40 42 

11. warrick, MT 6/6-8/06 MR 5-13 48 04 
12. Knickerbocker, TX 8/4-6/06 Q4 3-14 31 17 
13. Meeker, OK 10/19-24/08 sw 1-11 35 30 
14. Bea u1ieu, MN 7/18-23/09 LMV 1-llA 47 21 
!5. Merryville, LA 3/24-28/14 IMV 3-19 30 46 

16. Cooper, HI 8/31-9/1/14 GL 2-16 42 25 
17. Alta pass, NC (T) 7/15-17/16 SA 2-9 35 53 
18. Meek, 1<1 (T) 9/15-17/19 Q1 5-lSB 33 41 
19. Springbrook, MT 6/17-21/21 MR 4-21 47 18 
20. Thrall. TX (T) 9/8-10/21 C>! 4-12 30 35 

21. &ivageton, WY 9/27-10/1/23 MR 4-23 43 52 
22. Boyden, IA 9/17-19/26 t1R 4-24 43 12 
23. Kinsrren Notch, M! (T) 11/2-4/27 NA 1-17 44 03 
24. Elba, AL 3/11-16/29 IMV 2-20 31 25 
25. St. Fish Htchy., TX 6/30-7/2/32 (}! 5-1 30 10 

26. Scitu'lte, RI (T) 9/16-17/32 NA l-20A 41 47 
27. Ri pogenus Ihm, ME (T) 9/16-17/32 NA 1-208 45 53 
28. Cheyenne, OK 4/3-4/34 sw 2-11 35 37 
2 9. Simmesport, LA 5/16-20/35 IHV 4-21 30 59 
30. Hale ' co 5/30-31/35 MR 3-28A 39 36 

Tota 1 storm Total storm 
Long. duration area ~ize Orient. of 

( 0) (') (hr) (mi ) mttern (") 
80 46 84 90,000 190 
77 17 60 82,000 200 
98 32 78 84,000 205 
95 55 102 80,000 230 
76 34 06 32,000 205 

06 37 108 78,000 170 
87 so 84 75,000 230 
74 10 96 35,000 170 
90 20 120 67,000 205 
91 48 12 20,000 285 

109 39 54 40,000 250 
100 48 48 24,600 235 

96 54 126 80,000 200 
95 48 108 5.000 285 
93 32 96 125,000 200 

85 35 6 1.200 300 
82 01 108 37,000 155 

105 11 54 75,000 200 
105 35 108 52.600 240 

97 18 48 12,500 210 

105 47 108 95,000 230 
96 00 54 63,000 240 
71 45 60 60,000 220 
86 04 114 100,000 250 
99 21 42 30,000 205 

71 30 48 10,000 200 
69 15 30 10,000 200 
99 40 18 2,200 230 
91 48 102 75,000 235 

102 08 24 6,300* 235 



'lllble I.-Major storms from HMR No. 51 used in thls study - Continued 

Storm Total storm Total storm 
Storm center assignment Ia t. Long. duration area 2ize Orient. of 

location lla te number ( 0) ( ') (0) (') (hr) (mi 'l ~ttern ( 0) 

~1. Woodward Rch., TX 5/31/35 (}t 5-20 29 20 99 18 10 7,000 210 
32. Hector, NY 7/6-10/35 NA 1-27 42 30 76 53 90 38,500 255 
33. Snyder, TX 6/19-20/39 -- 32 44 100 55 6 2,000 285 
34. Grant Twnshp,, NE 6/3-4/40 MR 4-5 42 01 96 53 20 20,000 210 
35. Ewan, NJ (T) 9/1/40 NA 2-4 39 42 75 12 12 2,000 205 

36. Hallett, OK 9/2-6/40 sw 2-18 36 15 96 36 90 20,000 160 
37. Hayward, WI 8/28-31/41 lMV 1-22 46 00 91 28 78 60,000 270 
38. Smethport, PA 7/17-18/42 OR 9-23 41 50 78 25 24 4,300 145 
39. Big Meadows, VA (T) 10/11-17/42 SA l-28A 38 31 78 26 156 25,000 200 
40. Warner, OK 5/6-12/43 sw 2-20 35 29 95 18 144 212,000 225 

41. Stanton, NE 6/10-13/4"4 MR 6-15 41 52 97 03 78 16,000 260 
42. Collinsville, IL 8/12-16/46 MR 7-28 38 40 89 59 114 20,400 260 
43. Del Rio, TX 6/23-24/48 -- 29 22 100 37 (24 10,000 180 
44. Yankeetown, FL (T) 9/3-7/50 SA 5-8 29 03 82 42 96 43,500 205 
45. Council Grove, KS 7/9-13/51 MR 10-2 38 40 96 30 lOB 57,000 280 

46. Ritter, IA 6/7/53 MR 10-8 43 15 95 48 20 10,000 220 
47. Vic Pierce, TX (T) 6/23-28/54 sw 3-22 30 22 101 23 120 27,900 140 
48. Bolton, Ont., can. (T) 10/14-15/54 ONT 10-54 43 52 79 48 78 20,000 190 
49. Westfield, MA (T) 8/17-20/55 NA 2-22A 42 07 72 45 72 35,000 230 
50. St. Pierre Baptiste, 8/3-4/57 QUE 8-57 46 12 7l 35 18 7,000 285 

Que., Can. 

51. Sombrereti llo, Mex. (T)9/l9-24/67 sw 3-24 26 18 99 55 126 60,000 220 
52. Tyro, VA (T) 8/19-20/69 NA 2-23 37 49 79 00 48 15,000 270 
53. Zerbe, PA (T) 6/19-23/72 NA 2-24A 40 37 76 32 96 130,000 200 

U(T) = Precipitation associated with tropical cyclone 
* =Area of combined centers of precipitation with Elbert, CO 39"13'N, 104"32'W, generally referred to as 

Cherry Ck. 



Cert.ain sequences result in more critical flow (higher peak) than others. We 
leave the determination of criticality to the hydrologist, but recognize that the 
mass curve or temporal distribution selected for PMP is important. 

PMP estimtes can be obtained in HMR No. 51 for 6-, 12-, 24-, 48- and 72-hr 
durations. A plot of these depths against duration joined by a smooth curve 
defines IMP for all durations between 6 and 72 hours. In mny applications, 
definition of PMP by 6-hr time increments is sufficient. Thus, PMP values for 6, 
12, 18, 24, • , • , 72 hr can be read from such a smooth curve. Successive 
subtraction of the PMP for each of these durations from that of the duration 6-hr 
longer gives 6-hr increments of EMP. We have shown in HMR No. 51 that, in 
general, allowing PMP for all durations (6 to 72 hr) to occur in a single storm 
is not an undue maximization. 

2.2 Observed Sequences of 6-hr Increments in Major Storms 

We considered the sequences of 6-hr rain increments of the more impor1;ant 
storms east of the lOSth meridian as guidance for recommending sequences for 
EMP. These storms, 53 of which are given in the appendix of HMR No. 51, are 
listed in table 1 and represent a primary data base for this study. Table 1 
includes information on storm location, duration, areal extent, and the 
orientation of the isohyetal pattern (refer to chapter 4). 

To obtain information on the chronological sequence of 6-hr increments o-f 
precipitation, we referred to storm data sumrrarized for most mjor storms listed 
in table 1 (not available for the 2 storms of 9/16-17/1932, and those of 6/19-
20/1939, 6/23-24/1948, 10/14-15/1954, and 8/3-4/1957). For the 47 remaining 
storms, these data are contained in what we refer to as Part 2 storm study files 
in which point data are grouped to obtain chronological sequences of areally 
averaged depths. A search was mde through these storms for cases in which 
depths were given for both 100- and 10,000-mi 2 approximate areas for the storm 
center with maximum precipitation. The storms were further limited to those for 
which 6-hr incremental depths occurred over a period of more than 48 hr, to 
assure us that we were considering representative 3-day storms. 

Table 2 lists the 28 storms that met these conditions, and separates them by 
storm type--tropical and nontropical. The rellRining 19 storms had rainfall 
durations or areas that failed to meet our threshold. It should be pointed out 
that the limitations for 48-hr sequences from the Part 2 data do not necessarily 
agree with the listing of total-storm duration given in table 1. For example, 
the Greeley, Nebraska (6/4-7/1896) storm in table 1 is considered to have a total 
storm duration of 78 hr (U.~. Army Corps of Engineers 1945- ), This same storm 
for the 100- and 10,000-mi approxii!Rte areas in the maximum storm rainfall 
center pro;1des sequences of depths only up to about 24 hr (-100 rn.i 2) and 36-hr 
(-10,000 mi ) • 

A rainfall was considered tropical if it occurred within 200 miles of a storm 
track contained in Neumann, et al. (1978), and if the rain occurred within 2 days 
prior to passage of the storm. Other storm rainfalls were also designated 
tropical if they occurred within SOD miles beyond and within 2 days after the 
last reported position of a tropical cyclone track in Neumann. In such cases, 
the assumption made was that moisture from the tropical cyclone continued to move 
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Table 2.~jor storms from table 1 used in study of temporal distributions 

TROPICAL 
Location 

Jefferson, OH 
Hearne, TX 
Paterson, NJ 
Altapass, NC 
Big Meadows, VA 
Yankeetown, FL 
Vic Pierce, TX 
Westfield, MA 
Sombreretillo, Mex. 
Zerbe, PA 

NONTROPICAL 
Lambert, MN 
Jewell, MD 
Eutaw, AL 
Medford, Til 
Warrick, MT 
Meeker, OK 
Merryville, LA 
Springbrook, MT 
Thrall, TX 
Savageton, WY 
Elba, AL 
Simmesport, LA 
Hector, NY 
Hayward, WI 
Warner, OK 
Stanton, NE 
Collinsville, IL 
Council -Grove, KS 

Date 

9/10-13/1878 
6/27-7/1/1899 
10/7-11/1903 
7/15-17/1916 
10/11-17/1942 
9/3-7/1950 
6/23-28/1954 
8/17-20/1955 
9/19-24/1967 
6/19-23/1972 

7/18-22/1897 
7/26-29/1897 
4/15-18/1900 
6/3-8/1905 
6/6-8/1906 
10/19-24/1908 
3/24-28/1914 
6/17-21/1921 
9/8-10/1921 
9/27-10/1/1923 
3/11-16/1929 
5/16-20/1935 
7/6-l0/1935 
8/28-31/1941 
5/6-12/1943 
6/10-13/1944 
8/12-16/1946 
7/9-13/1951 

Storm assignment 
number 

OR 9-19 
(}! 3-4 
GL 4-9 
SA 2-9 
SA l-28A 
SA 5-8 
SW 3-22 
NA 2-22A 
sw 3-24 
NA 2-24A 

UMV 1-2 
NA l-7B 
L.'1V 2-5 
GL 2-12 
MR 5-13 
sw 1-11 
L.'1V 3-19 
MR 4-21 
(}! 4-12 
MR 4-23 
LMV 2-20 
LMV 4-21 
NA 1-27 
UMV 1-22 
sw 2-20 
MR 6-15 
MR 7-2B 
MR 10-2 

beyond the dissipated circulation system. and possibly combined with frontal or 
orographic mechanisms to produce the observed extreme rain. Such probably was 
the case with the Big Meadows, Virginia (10/11-17/1942) rain listed in table 2. 
A further check was made of daily weather maps to determine if any of these rains 
may have been associated with tropical disturbances of less intensity than 
covered in Neumann, et al. The Hearne, Texas (6/27-7/1/1R99) rain, as an 
important example, is believed to have resulted from. extreme moisture associated 
with one of these weaker systems located off the Texas -Gulf Coast, and which 
moved rapidly inland. More discussion on meteorological factors in extreme 
rainfalls is given in chapter 4. 

While the sample of storms in table 2 is too small to set quantitative 
differences, we wish to see if qualitative differences appear. Figure 2, as an 
example, shows sequences of 6-hr increments for 5 of the storms in table 2. (Two 
of the five are tropicaL) In this figure, the 100-mi2 results are shown as 
solid lines and the lO,OOO-mi2 results as rlashed lines. Incremental amounts are 
expressed as a percentage of the 72-hr rainfall. 
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We defined a rain burst as one or more consecutive 6-hr rain increment(s) for 
which each individual increment has 10 percent or more of the 72-hr rainfalL A 
second set of results was obtained by redefining a rain burst as 20 percent or 
more of the 72-hr rainfall. 

Examination of the incremental rainfall sequences for each of the 28 storms in 
table 2 allowed us to compile some constructive information. We tallied the 
number of bursts in each sequence, the duration of each burst, and the time 
interval between bursts. Table 3 summarizes this information by area size and 
storm type for the 28 storms in table 2. (Values in parentheses represent data 
based on a burst defined as > 20 percent of the 72-hr rainfall.) Part (a) 
summarizes the number of rain -bursts in the 72-hr period of maximum rainfall; 
part (b) the duration (in hours) of the rain bursts; and part (c) the number of 
hours between bursts. 

The first example in figure 2 for the storm of June 6-8, 1906, is used to 
illustrate these three temporal characteristics. Th~re are two bursts observed 
for the lOD-mi 2 area and 3 bursts for the 10,000-mi2 area. These counts Went 
into part (a) of table 3. For 100 mi 2 , the first rain burst is 12 hr long anti. 
the secon£ is 6 hr long. These are separated by 6 hr. The first burst for 
10,000 mi is 6 hr long separated by 12 hr from the second burst of 12 hr, which 
is separated by 6 hr fr01n the last burst of 6 hr. These values are included in 
parts (b) and (c) of table 3. Some conclusions drawn from the summaries in table 
3 are the following: 

1. In part (a), fewer rain bursts are observed when the 20 
percent threshold is applied than '..nth the 10 percent 
threshold. 

2. 

3. 

4. 

For the 10 percent threshold~ a larger fraction ~f 
tropical storms (8/10 at 100 mi and 6/10 at 10,000 mi ) 
tends to have single bursts in a 72-hr period than do 

:~~~ :opi;:;s s ~; rr::dic::;:vea tof10t0hemi:r:a~~r 6 :~~u~~e!~~ o~; 
short-duration thunderstorms which cause multiple bursts 
in nontropical storms. However, when a rain burst is 
defined as 20 percent or greater of the 72-hr total 
rainfall, the tendency is to lessen the difference 
between storm types (6/10 vs. 14/18 at 100 mi2 and 6/10 
vs. 13/18 at 10,000 mi2). 

Rain burst lengths between 6 and 24 hr dominate for both 
area sizes and storm types (part (b)). There appears to 
be a significant difference between storm type and the 
length of rain bursts, based on this limited sample. 
lilontropical storms show notably shorter-duration bursts 
(89 percent are 12 hr or less) than do tropical storms 
(77 percent are 12 hr or less). 

The number of hours between rain bursts i.n tropical 
storms typically is about 6 to 12 hr, while nontropical 
storms showed intervals between 6 and 30 hr (part (c)). 
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Table 3.--Su..ary of rain burst characteristics of 28 major rainfalls listed 
in table 2 

Part (a); Number of bursts 

Number of rain bursts in a 72-hr period 
0 1 2 3 Total 

Are~ 
(mi ) T NT T NT T NT T NT T NT 

Number of Storms 

100 0(2) 0(0) 8(6) 6(14) 0(2) 7(4) 2(0) 5(0) 10 1B 
10,000 0(4) 0(1) 6(6) 6(13) 3(0) 7(4) 1(0) 5(0) 10 18 

p t (b) Du 1 f b ar ; rat on o ursts 

Duration of rain bursts (hr) 
6 12 18 24 30 36 Total 

Are~ 
(mi ) T NT T NT T NT T NT T NT T NT T NT 

Number of bursts 

100 3(7) 19(14) 3(3) 12(8) 3(0) 4(0) 3(0) 0(0) 2 (O) 0(0) 0(0) 0(0) 14(10) 35(22) 
10,000 3(2) 14(14) 5(3) 13(7) 0(0) 7(0) 4(1) 0(0) 2(0) 0(0) 1(0) 1(0) 15( 6) 35(21) 

Part (c)· D ti of intervals ' ura on 

><lumber of hours between rain bursts (length of intervals) 
6 12 18 24 30 36 Total 

re~ 
(mi ) T NT T NT T NT T NT T NT T NT T NT 

Number of intervals 

100 2(2) 6(0) 2(0) 5(0) 0(0) 3(3) 0(0) 1(0) 0(0) 2(1) 0(0) 0(0) 4 ( 2) 17(4) 
o,ooo 4(0) 5(1) 1(0) 7(0) 0(0) 4(2) 0(0) 0(0) 0(0) 1(1) 0(0) 0(0) 5(0) 17 ( 4) 

T - tropical, NT - nontropical 
( ) - Values in parentheses are for results when definition for rain burst 

is increased from> 10% to> 20% of the 72-hr total rain (see text). 
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2.3 Recommended Sequences for PMP Increments 

While the 28-storm sample shows some evidence for rain burst sequences to 
differ depending on the storm type, table 3 suggests the difference may be in 
part due to the choice of threshold value. Furthermore, differentiation by storm 
type would necessitate delineating regions of control on PMP. This is not 
recommended since anomalies in major rains related to storm type occur. An 
example of this is one of the most extreme rain events for large areas along the 
gulf coast, the Elba, Alabama storm of 3/11-16/1929. This was a nontropical 
storm. Another reason for not distinguishing time sequences for PMP by storm 
type is that the PMP in coastal regions may be produced by a complex weather 
situation that is a mixture of both tropical and nontropical influences. 
Therefore, one standard set of temporal sequences, independent of storm type, is 
recommended for the ~p increments determined as describerl in section 2.1. 

The limited sample of storms in table 2 was further examined for guidance on 
how to arrange the increments of PMP. Almost any arrangement could be found in 
these data. The Warner, Oklahoma, (9/6-12/1943) storm showed the six greatest 6-
hr increments to be consecutive in the middle of the 72-hr rain sequence, while 
the Council 'Grove, Kansas (7 /9-13/1951) storm showed daily bursts of 12 hr with 
lesser rains between. 

To get PMP for all durations within a 72-hr storm requires that the 6-hr 
increments be arranged with a single peak (fig. 3). We chose a 24-hr period as 
incl:uding most rain bursts in major storms, and set this as the length of rain 
bursts for the PMP, giving three 24-hr periods in a 72-hr period. Based on 
results from examination of the 28-storrn ·sample, guidance follows for arranging 
6-hr increments of PMP within a 72-hr period. To obtain PMP for all durations: 

A. Arrange the individual 6-hr increments such that they 
decrease progressively to either side of the greatest 
6-hr increment. This implies that the lowest 6-hr 
increment will be at either the beginning or the end of 
the sequence. 

B. Place the four greatest 6-hr increments at any position 
in the sequence except within the first 24-hr period of 
the storm sequence. Our study of major storms 
(exeeding 48-hr durations) shows maximum rainfall 
rarely occurs at the beginning of the sequence. 

3w ISORlETAL PATI'ERN 

3.1 Introduction 

There are two important considerations relative to the isohyetal pattern used 
for PMP rainfalls. The first is the shape of the pattern and how it is to be 
represented. The second is the number and magnitude of isohyets within the 
pattern. 

This chapter deals with the selection of the pattern shape and the number of 
isohyets considered to represent the shape. The magnitude of the individual 
isohyets will be determined from the procedure described in chapter 5, Isohyet 
Values. In addition to establishing the shape of the isohyetal pattern for 
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distributing area-averaged PM.P over a drainage for the three greatest increments, 
it should be emphasized that this shape applies as well to the remaining 6-hr 
increments of fMP for distribution of residual precipitation and other 
adjustments. 

3. 2 Isohyetal Sba pe 

To understand more about the shape of isohyetal patterns, we considered those 
for the 53 major rainfalls listed in table 1. It ~<BS apparent from this sample 
of storms as well as from our experience with other samples that the most 
representative shape for all such storms is that of an ellipse. Actual storm 
patterns in general are extended in one or more directions, primarily as a ~esult 
of storm movement, and one finds that an ellipse having a particular ratio of 
major to minor axis can be fit to the portion of heaviest precipitation in most 
storms. Therefore, one question we posed ~s, what loBS the most representative 
ratio of axes for the major storms in our sample. Also of interest ~s to learn 
the variation of pattern shape with area size and with region. 

To determine the shape ratio (i.e., the ratio of the major to minor axis) for 
the storms in our sample, w'1 developed a number of elliptical templates that were 
scaled to contain 20,000 mi , relative to the small isohyetal naps portrayed in 
"Storm Rainfall in the United States" (U.S. Army Corps of Engineers 1945- ), 
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hereafter referred to as "Storm Rainfall." These templates had shape ratios that 

~~~=d o~et;~:n i;o~;~t~· th!~r ee:c;hos8e~0 r:;p;:x:~:=l~h~O~~~~~~ ~rie~hs b:;t g~~~t~~~ 
rainfalL Judgment of fit was necessary, particularly for storms with large 
areas, o-r those near coastal zones where only partial isohyetal patterns were 
available. For those smaller area storms, a shape ratio was determined based on 
the ratio of major to mino-r axis measured on the storm isohyetal pattern. 

The variation of shape ratios for the 53-storm sample is summarized in table 
4. Shape ratios of 2 are most common, followed by those of 3 and 4. Of the 
storms in table 4, 62 percent had shape ratios of 2 or 3, and 83 percent had 
shape ratios of 2 to 4. 

Table 4.--Sbape ratios of isohyetal patterns for 53 major rain 
events (see table 1) 

Shape Ratio 
1 2 3 4 5 6 7 8 Total 

No. of patterns 2 22 11 11 4 2 1 0 53 
% of total 3.8 41.5 20.8 20.8 7.5 3.8 1.9 0 100 
Accum. % 4 45 66 87 94 98 100 100 

Before we d:raw any conclusions from table 4, we wanted to know if there was a 
variation in shape ratio with region or area size. To check the regional 
variation of shape ratios, we chose to separate the region into meteorologically 
homogeneous subregions as shown in figure 4. These subregions were not meant to 
represent the entire region of homogeneity but to be sufficiently independent 
portions of such broadscale subregions among which one might expect to find 
differences in shape ratios. These regions, shown in figure 4, contained 33 
(62r,) of the 53 sto~s. 

Table 5 shows the distribution of shape ratios within each of the six 
subregions, and although the number of storms in each is small, the percent of 
total shown at the bottom of the table is somewhat similar to that for the entire 
sample given in table 4. The number of storms in table 5 is too small to be 
significant, but distinguishable regional differences are not apparent, all 
tending to support shape ratios of 2 or 3. 

Table 5.--Sbape ratios for six subregions 

Shape Ratio Total no. 
Subregions 1 2 3 4 5 6 7 8 of storms 

% of storms in region 
Atlantic Coast 20 40 0 20 20 0 0 0 5 
Appalachians 20 40 20 0 20 0 0 0 5 
Gulf Coast 0 56 22 11 11 0 0 0 9 
Central Plains 0 67 0 17 17 0 0 0 6 
North Plains 0 0 so 0 0 25 25 0 4 
Rocky Mt. 0 so 25 25 0 0 0 0 4 

Slopes 

% of total 6 45 18 12 12 3 3 0 ~ 9 
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The appendix contains a discussion of a larger sample of storms, 183 of which 
occurred in these same six subregions. Results from these storms are shown in 
table 6. Inforuat.ion from table 6 indicates that the Atlantic Coast and North 
Plains regions have the greatest percentage (16) of storms with shape ratios 
greater than 5. The North Plains also has the greatest percentage {16) of 
approximately circular patterns. The Appalachians show the greatest percentage 
of storms with shape ratios of 4 and S. This may be a reflection of an 
orographic effect of the mountains combined with the northeastward movement of 
storms along the east coast. These results are not typical of all orographic 
regions, for shape ratios of 2 predominate on the Rocky Mountain Slopes. This is 
meteorologically reasonable since many large storms in this region result from 
nearly stationary weather systems over or near the east face of the mountains. 
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Table 6.-Sbape ratios of 20,0()()-m1 2 isobyetal patterns for six subregions 

Shape Ratio Total no. 
Subregions 1 2 3 4 5 6 7 8 of storms 

% of storms in region 
Atlantic Coast 4 31 19 15 15 12 4 0 26 
Appalachians 4 17 13 30 30 0 0 4 23 
Gulf Coast 6 42 28 10 6 2 2 4 50 
Central Plains 2 26 35 16 9 9 0 2 43 
North Plains 16 28 28 8 4 8 4 4 25 
Rocky Mt. 

Slopes 6 56 19 0 13 0 0 6 16 
i. of total ~ subsample 6 33 25 14 12 5 2 3 0 

Although some of the differences are meteorologically reasonable and may in 
fact represent variations over a regional extent, it must be recognized that the 
regional samples in table 6 are somewhat snall in all but the Gulf Coast and 
Central Plains. It is difficult to compare the results in tables 5 and 6. Seven 
storms in table 5 that had particularly snall total areas were not included in 
the sample for table 6. Nevertheless, it WiS concluded from these tables that 
there is little apparent regional variation amongst shape ratios. 

The variation of shape ratios 
regardless of duration, is shown in 
variation with area size. 

with area size for the 53 
table 7. Here too the results 

storm sample, 
show no strong 

'l'able 7 .-Shape mtios of uajor isobyetal patterns relative to area 
size ·of total storm 

Area si2jf Shape P.a tic Total no, 
( lo3 mi ) 1 2 3 4 5 6 7 8 of storms 

% of storm in category 
(0.3 

@ 
0 

0.31-= 5.0 20 20 20 5 
5.1 - 10.0 

~ 
33 3 

10-1 - 20.0 28 14 7 
20.1 - 30.0 12 12 25 8 
30.1 - 40.0 33 17 6 
0.1 - 50.0 50 50 2 

50.1 - 70.0 22 

~ 
11 22 11 9 

70.1 - 90.0 28 28 7 
> 90.0 33 17 6 -

i. of total 6 40 21 21 8 4 2 0 53 

In table 7, the larger values in each row have been circled. In this sample, 
there appears to be a tendency for larger percentages of storms to be circular at 
the smaller area size. In the same wnner, there is a tendency for shape ratios 
to increase from 2 for areas between 5,000 m12 and 50,000 m1 2 to 3 for larger 
areas. Although these results are perhaps handicapped by the small size of the 
sample, somewhat similar results were obtained from the larger sample of storms 
discussed in the appendix. 
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3.3 Sum:aary of Analysis 

The following conclusions were drawn from analysis of shape ratios of major 
storm isohyetal patterns. 

1. Approximately 60 percent of our sample of mjor storms had 
shape ratios between 2 and 3. 

2. No strong regional variation of shape ratios was apparent, 
although some meteorologically reasonable trends could be 
obtained from the data. 

3. No strong relation r..m.s found between shape ratio and total
storm area size, but there r..m.s some evidence that lower 
shape ratios occur with the smaller area sizes. 

3.4 · Recommended Isohyetal Pattern for PH.P 

Since a majority of the storms considered in this study had shape ratios of 2 
and 3, we recommend an idealized (elliptical) isohyetal pattern with a ratio of 
major to minor axis of 2.5 to 1 for distribution of all 6-hr increments of 
precipitation over drainages in the nonstippled zones east of the lOSth meridian 
(see figs. 18-47 of HMR No. 51). The choice of a single shape ratio for the 
entire region east of the 105th meridian simplifies the procedure for determining 
the hydrologically most critical pattern placement on a drainage, does not 
violate the data, and tends to be in the direction of the small-area patterns 
observed in major storms of record. 

A recommended pattern is given in figure 5, drawn to a scale of 1 to 
1,000,000. This pattern contains 14 isohyets (A through N), that we think would 
provide reasonable coverage of drainage areas up to about 3,000 mi 2 . Since it 
would be cumbersome to include a pattern drawn to 1:1,000,000 scale with isohyets 
en2losing the largest suggested area, we have limited figure 5 to only 6,500 
nd • All discussion of figure 5 implies a pattern of 19 isohyets extending from 
A to S and covers an area of 60,000-mi 2 . It is necessary to provide patterns 
larger than 20,000 mi 2 (the limit of EMP given in HMR No. 51) in order to cover a 
narrow drainage with isohyets, particularly if the pattern and the drainage have 
different axial orientations, or if you t.ent to consider non-basin centered 
placements. The 10-mi 2 isohyet is taken to be the same as point rainfall. 

If it is des! red to apply figure 5 to some other seale or to add larger 
isohyets to the pattern, and suitable templates are not available, table 8 aids 
the reproduction of figure 5 and gives the length in miles of the semi-:ninor and 
semi-major axes of an ellipse along with selected radials that enclose thi 
suggested areas for a shape ratio of 2.5. For example, to obtain a 2,150-mi 
ellipse, the minor axis is twice the value of 16.545 given in table 8, or 33.09 
mi. The major axis is then 82.725 mi. The information in table 8 is sufficient 
to obtain isohyets that enclose areas for which HMR No. 51 is applicable. 

The procedure in chapter 7 for determining isohyet values suggests that at 
times it may be necessary to consider isohyets supplementary to those specified 
in figure S. To aid in construction of any additional isohyets, we provide the 
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Table 8.-:Axial distances (mi) for construction of an elliptical isohyetal pattern 
for standard isohyet areas with a 2.5 shape ratio (Complete four quadrants to 
obtain pattern) 

Standard 
isohye ts • Isohyet enclosed Incremental Radial axis (deg.) 

label area (mi2) area (mi2) 0 15 30 45 60 90 

A 10 10 2 .820 2.426 1 .854 1 .481 1.269 1 .12 8 
B 25 15 4.460 3 .836 2 .933 2 .342 2.007 1.784 
c 50 25 6.308 5.42 6 4.148 3 .313 2 .839 2.523 
D 100 50 8.92 0 7.6 72 5.866 4.685 4.014 3.568 
E 175 75 11 .801 10.150 7.758 6.198 5.310 4.72 0 

F 300 12 5 15.451 13.289 10.160 8.115 6.953 6.180 
G 450 150 18.924 16.276 12 .444 9.939 8.516 7.569 
H 700 250 23.602 20.301 15.521 12.397 10.622 9.441 
I 1,000 300 2 8 .2 09 24.263 18.550 14.816 12 • 965 11 .2 84 
J l ,500 500 34.549 29.717 22.720 18.146 15.549 13.820 

K 2 , ISO 650 41 .3 63 3 5.577 27.200 21.725 18.614 16.545 
L 3,000 850 48.860 42.02 6 32.130 25.662 21.989 19.544 
M 4,500 1 ,500 59.841 51.470 39.351 31.43 0 26.930 23.936 
N 6,500 2,000 71.920 61.860 4 7.2 94 37.774 32.366 28.768 
0 10,000 3,500 89.2 06 76.728 58.661 4 6 .853 40.145 3 5.682 

p 15,000 5,000 109.225 93.973 71.846 57.3 83 49.168 43.702 
Q 2 5,000 10,000 141.047 121.318 92.752 74.082 63 .4 7 6 56 .41 9 
R 40,000 15,000 178.412 153.456 17.323 93.707 80.2 92 71.3 65 
s 60,000 2 0 ,ooo 218.510 187.945 143.691 114.767 98.33 7 87.404 

• 0° radial axis = semi-major axis 
90° radial axis = semi-minor axis 

following relations, where a is the semi-major axis, b is the semi-minor axis, 
and A is area of the ellipse. 

For this study, a • 2.Sb 

For a specific area, A, b ( A ) 1/2 
2 • 51T 

Radial equation of ellipse, l-
a2 b2 

• 2 2 2 2 
a sin 0 + b cos 0 

where r ~ distance alan~ a radial at an angle 0 
to the major axis. 
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Although there is a slight tendency for circular patterns to occur for small 
area storms, we recommend the elliptical pattern in figure 5 for all drainage 
areas covered by HMR No. 51. 

3.5 Application of Isohyetal Patterns 

3.5.1 Drainage-centered patterns 

This study recommends centering the isohyetal pattern (fig. 5) over a drainage 
to obtain the hydrologically most critical runoff volume. For many drainages 
that are not divided into sub-basins for analysis, the greatest peak flow will 
result from a placement of the isohyetal pattern that gives the greatest volume 
of rainfall within the drainage. The hydrologic trials to determine the greatest 
volume in the drainage rtiscusserl in section 5.3 may result in a placement that 
does not coincide with the geographic center of the drainage, particularly in 
irregularly shaped drainages. Centering of the isohyetal pattern as described 
here applies to the incremental volumes determined for each of the 6-hr PMP 
increments, each of which will be centered at the same point. 

For some drainages, it may be hydrologically more. critical to center the 
isohyetal pattern at some other location than that which yields the greatest 
volume. That is, recognizing that any location other than drainage-centered may 
result in less volume of rainfall in the drainage, it may nevertheless be 
possible to obtain a greater peak flow by placing the center of the isohyetal 
patterns nearer the drainage outlet. Characteristics of the particular drainage 
would be an important factor in considering these trial placements of isohyetal 
patterns. Should this secondary consideration for a nondrainage-centered pattern· 
be used, the data in table 8 are believed sufficiently large in area covered to 
allow considerable flexibility ·in alternative placement of patterns, while still 
giving spatial distribution throughout the drainage. lfuen it is determined that 
the zero isohyet occurs within the drainage, the area to use in hydrologic 
computations is that contained within the zero i,sohyet, and not the area of the 
entire drainage. 

An additional benefit may be derived from the extent of coverage provided in 
table 8. This appears in the form of concurrent precipitation; i.e., if PMP is 
applied to one drainage, the extended pattern in many instances is sufficient to 
permit estimation of the precipitation that could occur on a neighboring 
drainage. This information is useful in evaluating effects from multiple 
drainages contributing to a hydrologic structure. 

3.5.2 Adjustment to PHP for drainage shape 

t-lhenever isohyetal patterns are applied to a drainage, there will be 
disagreement between the shape of the outermost isohyets and the shape of the 
drainage. Adjustment to drainage averaged ~P for this lack of congruency has 
been referred to in some past studies as a "fit factor" or a "basin shape" 
adjustment, In those studies, a comparison was made between the drainage
averaged PMP determined from planimetering isohyetal areas within the drainage 
and the total PMP (generally for 72 hr) derived from depth-area-duration data. 
It has generally been the case that the ratio of these depths, termed the fit 
factor, was then applied to each durational increment of the ~P. 
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Since we have established that there is a pattern shape assigned to each 6-hr 
increment, we can reasonably expect that there will be some reduction to the 
volume precipitation determined from the isohyetal pattern when the pattern is 
'"fit" to an irregularly shaped drainage. Comparison of the drainage-averaged 
volume of precipitation and that from the depth-area curve derived from HMR 51 
for a 6-hr period is indicative of the percentage reduction due to the drainage 
shape. The largest reduction occurs in the first 6-hr period and decreases with 
each succeeding 6-hr period. 

3.5.3 Pattern applicable to PKP 

When the isohyetal pattern in figure 5 is applied to a drainage, both drawn to 
the same scale, one might ask whether it is necessary to use all the isohyets 
given, since the outermost isohyet encloses 60,000 mi 2 , well above the area size 
for which PMP is given. The answer to this question depends upon the shape of 
the drainage. It is only necessary to use.as many of the isohyets of figure 5 as 
needed to cover the contributing fortion of the drainage. If one has a perfectly 
elliptical drainage of 2,150 mi with a shape ratio of 2.5, then it is only 
necessary to evaluate isohyets A through K in the pattern in figure 5. Since 
almost all drainages are highly irregular in shape, the K isohyet is unlikely to 
provide total coverage for a drainage of this size, and for an extremely long 
2,150-miz drainage, even though one is applying the 2,150-mi 2 PMP, it may be 
necessary to evaluate the M, N or larger isohyets. 

At this point in our discussion, we note that figure 5 is applied only to the 
three greatest 6-hr increments of PMP (18-hr PMP). For the nine remaining 6-hr 
increments of PMP in the 3-day storm~ we recommend a uniform distribution of ~p 
throughout the area of PMP. This means that for each of the three greatest 
increments, the magnitude of PMP is such that it is reasonable to expect it to be 
spatially distributed according to the isohyets in figure 5. However, the 
magnitudes of the increments of PMP decrease rapidly after the greatest 6-hr 
amount, and by the fourth 6-hr period are reduced to a level at which we assume 
they can be approximated by constant values over the P'-:IP portion of the pattern 
for the fourth through 12th 6-hr periods. 

Since most drainages have irregular shapes and as we have already discussed 
earlier in this section, the pattern shape in figure 5 will not fit when placed 
over the drainage. Therefore, there will be portions of the drainage that may 
for some unusually shaped drainages be uncovered by the pattern for a particular 
area size of PMP. (Chapter 5 discusses how to determine what area pattern to 
place on a drainage.) We are faced with the problem of what precipitation to 
expect outside the area of the PMP pattern. The solution lies in the concept of 
residual precipitation. 

Residual precipitation is the precipitation that occurs outside the P!1P area 
size pattern. For example, if we find the pattern area size that gives the 
maximum volume of ~p in the drainage is 2,150 mi 2 , then for the 3 greatest 6-hr 
increments, apply figure 5, where the K isohyet encloses the PMP area. The 
isohyets inside and outside of K represent values that will give areal average 
depths somewhat less than PMP. In this example, the isohyets outside of K 
determine the residual precipitation. It should also be emphasized that residual 
precipitation is that outside the area of the PMP pattern, and not necessarily 
outside the drainage. 
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Now, for the fourth through 12th 6-hr periods we have assumed a constant value 
approximates the respective 6-hr increment of PMP through the area size of PMP. 
Therefore, for these increments, there would be no A through J isohyets in the 
patterns applied. But, there would remain isohyets outside the isohyet for the 
area size of the PMP (outside K in the above example), and thus there is a 
residual precipitation pattern assigned to each of the fourth through 12th 6-hr 
increments of PMP, in addition to the patterns for the three greatest 6-hr 
increments. (See discussion in section 5.2.5 and fig. 21.) 

Although the concept of residual precipitation and its application and 
representation in isohyetal patterns is new, and perhaps confusing at this point, 
further discussion in chapter 5 and the examples in chapter 7 should be helpful. 

4. ISOHlETAL ORIENTATION 

4.1. Introduction 

The subject of isohyetal orientation arises quite naturally from discussion of 
placing isohyetal patterns over a drainage, since the orientation of a PMP 
pattern and that of the drainage over which it is placed may be entirely 
different. Guidance is needed on how well these orientations match for the FiP 
storm. It is assumed, though perhaps not always true, that the greatest volume 
of rainfall within a drainage results when the isohyetal pattern and the drainage 
are similarly oriented. 

An objective of this section, therefore, is to determine whether there are 
meteorological restrictions or preferences for certain orientations. \.Je are also 
interested in determining if there are any regional variations or constraints on 
orientations due to terrain or other facto.rs. 

As in the previous chapter, we rely on major observed storm rainfalls and 
the results to adjust the isohyetal orientation of the 6-hr.PXP increments. 
section 5.2.1.) 

apply 
(See 

Since 6-hr incremental isohyetal patterns are available only for a very few 
storms, we assume that the orientation of isohyets for the 6-hr incremental 
patterns of rainfall is the same as that for the total storm. Limiteli support 
for this assumption is found in the few incremental isohyetal patterns given in a 
study of Mississippi River basin storms by Lott and ~yers (1956). For 10 of the 
lfl storms studied by Lott and Myers, 6-hr isohyetal patterns were determined. 
The orientations of the 6-hr isohyetal increments for these 10 storms vary from 
the total-storm orientations by no more than 40°. 

4.2 Data 

The sample of isohyetal patterns from the 53 major storms in table 1 were 
considered for the study of isohyetal orientations. 

4.2.1 Average orientations 

In this chapter, reference is sometimes made to the average of several 
orientations. It is believed important to remark here on how these averages were 
obtained, because averages of angular measure do not follow that of simple 
arithmetic averages. First, recognizing that every orientation line (or axis) is 
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Probl-em: Obtain an avel'Ctfle of three orientation l-ines given beZow. 
If the "Lines are desiF_tsd as #1 = 020° or 200°, #2 = 150° 
or 330°, and #3- 165 or 345°, then if we average 020°, 
150° and 165°, we get 112°, whiah is seen to represent a 
faZse o:verage. 

Sotution: Choose values to o:verage from ends of the Zines (quadrants) 
that give t1ul minimum range. Here the range of 200° minus 
150°, or 380° 1'11'inus 330°, is the minimwn (50° range). Thus, 
the reprssentative average is 172°, or 352° respectiveZ.y. 

TRUE 

• . . 
N 

. 
• . . . . 

s/ 
AVERAGE= 172° 

Figure 6.--sch-tic: e:a.aple of proble.. in avenging isohyetal orlenta.t.ioos. 

2-valued, we obtain different averages relative to which value is chosen to 
represent a p:!t'ticular orientation. Therefore, a rule must be developed, when 
averaging such values, on which of the 2 values to use so that everyone obtains a 
compg.rable and representative result. The rule we applied w:~.s to use those 
values that would give a mtnimum range for all the values to be averaged. This 
procedure -will be illustrated by the following example. Average the three 
orientation lines in figure 6 (ill is 020" - 200", 112 is 150" - 330", and 1/3 is 
165" - 345"). (Three orientations are considered here only to keep the problem 
simple; the procedure is the same reg;ardless of the number of orientations to be 
averaged). If one chose to average the three smllest values (reading from 
north) of 20", 150" and 165", the result would be 112" given by the dashed line 

26 



in figure 6, This is an unrepresentative average when compared to the three 
solid lines in this figure. We say the range of those 3 values is 145° (165° 
minus 020°), However, following the rule to obtain a minimum range, consider the 
three values of 150°, 165° and 200° (representing the same three orientations 1 

but reading the other end of the 020°- 200° line). ~ole get a range of sao (i.e., 
200° minus 150°) 1 and similarly a 50° range is obtained for the set of other ends 
to these same 3 lines (380° minus 330°), Since 50° is the least difference we 
can obtain from any set of directions, for these 3 particular lines, the correct 
values to average are either 150° 1 165° and 200° or, 020° + 360°, 330° and 345°, 
for which the average orientation is 172° or 352° 1 respectively shown by the 
dotted line in figure 6. 

4~2.2 Orientation notation 

Although each orientation line is 2-valued, we have chosen to represent each 
orientation by only one value in the remainder of this chapter. This convention 
greatly simplifies the notation assigned to graphs and tables. In selecting the 
one value to identify each orientation, we could have arbitrarily chosen vcl.lues 
between 0° and 180° (from north), However, this choice is but one of many 
poSsible choices, each covering a range of 180° 1 and we adopted the 180° sector 
between 135° and 315° for this study. This particular choice resulted from 
considerations of meteorological bases for the observed pattern orientations, 
which are related to the moisture bearing inflow winds. TVind is co!IUllon1y 
reported as the direction the wind is blowing from. Atmospheric winds during 
periods of maximum moisture in the United States east of the 105th meridian are 
predominantly in the quadrant from the south to west. In addition, analysis for 
our storm sample indicated that most rainfall patterns had orientations that 
varied about a southwest-northeast axis. 

4.3 Method of Analysis 

An isohyetal orientation was determined for each of the major total-storm 
rainfall patterns in table 1. 1-le prescribed that the orientation line for each 
pattern pass through the location of maximum reported point rainfalL Some 
complex isohyetal patterns necessitated subjective judgments on the orientation, 
because of multiple possible orientations or incomplete total-storm patterns. 
The latter was particularly the case along coastal zones. Direction of the 
orientation in each rainfall pattern was read to the nearest 5 degrees. 
Orientations determinerl for the 53 storms, listed in table 1, have been plotted 
at their respective locations in figure 7. 

4 .. 4 Analysis 

The amount of variation in orientations given in table 1 and figure 7 gave rise 
to the question, whether it was possible to generalize these orientations into a 
consistent pattern over the entire study region. 

4.4.1 Regional variation 

The same six subregions used to study shape ratios were used to determine 
regionally averaged orientations. Averages of the orientation for the major 
storms in each subregion are given in table 9. The range of orientations for 
storms considered in each subregion is also indicated. 
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orientation of precipitation pattern for 53 •jor storms 
Identification auabers refer to table 1. 

Table 9.-Averagea of iaohyetal orientations for mjor storms within selected 
subregions of the eastern United States (storas contained in appendix of 
ll<ll llo. 51) 

No. of Average Range in 
Subreg:ion Storms orientation (deg) orientations (de2) 
Atlantic Coast 5 202 170 to 230 
Appalachians 5 194 145 to 270 
Gulf Coast 9 214 170 to 290 
Central Plains 6 235 160 to 285 
North Plains 4 270 230 to 295 
Rockv M.t. Sloues 4 224 200 to 240 
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Although the results in table 9 represent a small sample, we feel that a 
tendency is shown for some regional variation among these subregions. Support 
for this conclusion 'WaS based in part on results from a similar analysis of the 
larger sample of storms discussed in the appendix and summrized in table 10. We 
subdivided the Appalachians into storms that occurred east and west of the 
ridgeline. By so doing, the results for the Appalachians suggest that 
orientations in -this region closely agree with the subregions to the east 
(Atlantic Coast) and to the west (Central Plains). This distinction does not 
appear in the results for table 9, because none of the storms considered occurred 
to the west of the ridgeline. A general picture of the regional variation of 
isohyetal orientation is obtained from these two samples: orientations are 
southwesterly east of the Appalachians, along the Gulf Coast, and along the east 
slopes of the Rocky Mountains, but become more westerly in the Plains States. 
Meteorological bases for those observed orientations will be discussed in section 
4.5. 

Table 10.-Avezage of isobyetal orientation for the large SS.lllPle of storms 
within selected subregions in the eastern United States 

No. of Average Range in 
Subregion storms orientation (deg.) orientations (deg.) 
tlantic coast 26 204 140 to 305 
ppalachians (East) 17 204 155 to 240 

Appalachians (West) 6 278 240 to 305 
Gulf Coast so 235 140 to 300 
Central Plains 43 256 195 to 300 
North Plains 25 257 185 to 310 
Rocky Mt. Slopes 16 214 170 to 290 

4.4.2 Generalized isohyetal orientations 

Assuming from tables 9 and 10 that there is a regional variation in isohyetal 
orientations of major storms, we ~oBnt to determine the regional variation that 
represents PMP. It would be desirable to generalize orientations by a continuous 
analysis across the entire study region. 

As a first approach we plotted the subregion averages from table 9 at their 
respective locations, centered to represent the centroids of the storms 
averaged. From this basis, a rough pattern WiS drawn to show regional variation 
(not shown here), It was felt that although a general pattern could be obtained 
in this nanner, drawing to five data points for so large a region lollS less than 
desirable. 

A decision Wis mde to consider a number of najor storms distributed throughout 
the region and develop the generalized pattern from their orientations. Storms 
were selected from table 1 according to the following conditions: 

1. No other major storm in table 1 occurred within a radius of 
100 miles of the storm chosen. When two or more storms were 
within 100 miles of one another, only the storm with the 
larger 24-hr 1,000-m1. 2 depth wa.s considered. 

2. No storm was selected whose total storm duration lollS less 
than 24 hr, as they were believed to represent local storms 
for which almost any orientation is believed possible. 
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With this guidance, 25 storms (roughly one-half the storms in table 1) were 
selected. In addition, to the 25 major storms from table 1, six storms were 
selected from "Storm Rainfall'' (U.S. Army Corps of Engineers 1945- ) to fill 
in portions of the region not represented by storms in table 1. These storms 
also met the selection criteria noted above. 

The 31 storms were plotted at their respective locations as shown in figure 
8. Through considerable trials, a generalized pattern o;.as drawn which attempted 
to mtch as rrany of the storm orientations as possible and yet mintain some 
internal consistency regarding gradients and smoothness. Also shown in 
figure 8 is the result of this analysis. 

In mk.ing the analysis shown in this figure, we attempted to control the 
variation from observed orientation whenever possible. Thble 11 lists the 31 
differences. It is apparent that some large variations occur, e.g., 72° at 
Smethport, Pennsylvania. For the most part, varia tiona are considerably less, as 
sum.mrized by 10° categories in table 12. Two-thirds of the analysed 
orientations are within 30° of the observed orientations, while nearly 94% are 
within 50°. 

Although there are some portions of the region (e.g., eastern Great Lakes) that 
show rather large variation from the analysis, a decision o;.as IIBde not to 
complicate the analysis further by -creating regional anonalies. Therefore, the 
analysis shown in figure 8 o;.as adopted to represent the pattern of orientations 
for our data, and we further assumed that this pattern applied to the most 
favorable conditions for R1P. For drainages that lie outside the region covered 
by the analysis (for example in northern Hichigan), use the orientation of the 
nearest isopleth. 

4.443 Variation of PM.P with p1.ttern orientation applied to drainage 

In application of PMP to specific drainage, figure 8 is used to determine the 
orientation of the isohyetal pg.ttern most likely to be conducive to a PMP type 
event. It is unrealistic to expect that figure 8 is without error and that EMP 
at any location is restricted to only one orientation. For these reasons we 
recognize th:lt it is more reasonable that fMP occur through a range of 
orientations centered on the value read from figure 8. Following this line of 
reasoning, we also expect that for precipitation orientations that do not fall 
within the optimum range, the IIBgnitude of R1P would be somewhat less. 

4.4.3.1 Jhnge of full PM.P. The range of full ~p (100% RiP) is that range of 
orientations, centered on the value read from figure 8, for which there is no 
reduction to the amounts read from HMR No. 51 for orientation. Our concept of 
PMP is that the conditions resulting in a PMP-type event are somewhat restricted, 
and we believe that the range of full PMP should also be limited. However, to 
gain support for this limitation, we again referred to our sample of major storms 
and, from the sUillllBry of orientations in table 12, we chose a range of ±40° 
(representing about 85 percent of the variation in our sample) to assign to 
EMP. Therefore, whenever the pattern best fitted to the drainage for which IMP 
is being determined Ins an orientation that falls within 40° of the orientation 
obtained for that location (from fig. 8), full EMP is used. 
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'lhble u.~jor storm orientations relative to generalized analysis including 
sU~~~~ary infor-.tion 

[Storm index 24-2r 1000- Observed Orientation 
no. from mi. depth orienta- from analysis Differ-
table 1 "'me (in.) tion (deg.) (deg.) ences 

1 Jefferson, 011 11.0 190 230 +40 
7 Eutaw, AL 11.3 230 231 + 1 
8 Paterson, NJ 10.9 170 199 +29 

14 Beaulieu, MN 10.0 285 251 -34 
17 Alta pus, NC 15.0 155 218 +63 

18 Meek, m. s.o 200 182 -18 
19 Springbrook, MT 11.3 240 241 + 1 
20 Thrall, TX 24.3 210 205 - 5 
21 Sa vageton, WY 6.6 230 230 0 
22 Boyden, IA 10.6 240 246 + 6 

23 Kinsmn Notch, NH 7.8 220 200 -20 
24 Elba, AL 16.1 250 224 -26 
25 St. Fish Htchy, TX 19.0 205 194 -11 
27 Ripogenus Dam, ME 7.7 200 198 - 2 
30 Hale, co 7.2 225 213 -12 

37 Hayw:~.rd, WI 9.1 270 253 -17 
38 Smethport, PA 13.3 145 217 +72 
39 Big Meadows, VA 10.3 200 209 + 9 
42 Collinsville, IL 9 .o 260 247 -13 
44 Yankeetown, FL 30.2 205 200 - 5 

45 Council Grove, KS 6.6 280 240 -40 
48 Bolton, Ont •• a. n. 6.4 190 230 +40 
49 Westfield, MA 12.4 230 198 -32 
51 Sombreretillo, Mex. 11.9 220 170 -so 
53 Zerbe, PA 12.3 200 207 + 7 

Supplementary storms 

54 Broome, TX 13.8 230 195 -35 
55 Logansport, LA 14.8 215 225 +10 
56 Golconda, IL 7.4 235 244 + 9 
57 Glenville, GA 13.1 180 205 +25 
58 Darlington, sc 10.8 205 199 - 6 
59 Beaufort, NC u.s 235 196 -39 

4.4.3.2 Reduction to IMP for orientation outside of range. We have stated that 
for orientations that differ from the central value from figure 8 by more than 
40°, less than PMP-type conditions are likely, and therefore we feel a reduction 
can be l!Bde to the EMP determined from HMR No. 51. It is also reasonable to 
expect that as the difference between PMP orientation and orientation of the 
p:lttern on the drainage increases, the reduction applied to EMP should increase. 
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'Ikble 12.-Frequency of w.rlous difference categorles between 
observed and preferred orientations 

C'a teg. -so to -40 to -30 to -20 to -10 to 0 to 10 to 
(deg.) -41 -31 -21 -11 -1 9 19 
Freq. 1 5 1 6 4 7 1 

% 3 16 3 19 13 23 3 

Ca.teg. 20 to 30 to 40 to 50 to 60 to 70 to Total 
de•.) 29 39 49 59 69 79 

Freq. 2 - 2 - 1 1 31 
% 6 - 6 - 3 3 98 

Ran§e Freguencz Cum. % 
±10 11 35.5 
±20° 18 58.1 
±30° 21 67.7 
±40° 26 83.9 
±50° 29 93.5 
±600. 29 93.5 
±70° 30 96.8 
±80° 31 100.0 

Because we anticipated there could be a regional variation, we considered the 
subregions in figure 4. Our sample in table 1 of DB jar storms within these 
subregions is too smll to be useful, and we relied on the increased sample 
described in the appendix. Wit~n each subregion, storms were ranked according 
to magnitude of 72-hr 20,000-mi depth, and then converted to percent of the 
maximum depth occurring in each region. We plotted the percent of mximum 
rainfall vs. orientation for each storm by geographic region. An enveloping 
curve drawn on these graphs provided guidance on the range of orientations that 
should be permitted without reduction and on the appropriate reduction for 
greater variations. The data for the Gulf Coast region are shown in figure 9, as 
an example of these plots. 

In figure 9, the Hearne, Texas (6/27-7/1/1899) storm gave the mximum depth, 
and the Elba, Ala bam (3/11-16/1929) storm r..as the second greatest at about 80 
percent of the Hearne depth. We remind the reader that since orientation is a 
form of circular measure, the left-hand end of the scale in figure 9 is identical 
with the right-hand end of the scale. 

Considering each of the subregional distributions, of which figure 9 is an 
example, we developed a model 1:ased essentially on envelopment of subordinate 
depth storms. The model shows that 100 percent of H1P applies within± 40° of 
the central value as indicated in section 4.4.3.1. }taximum reduction to FMP is 
limited to 15 percent applicable to orientation differences of ± 65° or more. 
This model is given in figure 10, in which the adjustment factor (100% minus the 
percentage reduction) to alP is read from the right-hand axis for differences of 
orientation from the central value obtained from figure 8 (represented by the 0 
value on the left of the model). 

4.4.3.3 
should 

Variation due to area 
be applied to storms on 

size. 
the 

It appears reasonable that no 
scale of a single thunderstorm 
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tions for 50 mjor storms (from •mple listed 
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possibly a complex cell). Such a system
2
is expected to have equal intensity at 

any orientation. An area size of 300 mi was chosen as the smllest storm area 
for which a reduction should be applied. A rational argument can also be 
developed to say; that if we limit reduction of EMP for orientation to storm area 
sizes of 300 mi 2 and larger, it is unreasonable to expect that a discontinuity 
occurs at 300 mi 2• On this l:asis, there should also be some limit at which the 
maximum reduction of 15% applies. Between these limits, a reduction between 0 
and 15% applies. Alth~ugh we have no data to support our de~ision, we chose to 
set a limit of 3,000 mi (ten times the lower limit of 300 mi ) as the area above 
which 15% reduction is possible. 

To use figure 10 for pattern areas greater than 300 m1 2 consider the d~agonal 
lines prqvided for guidance. These lines have been drawn for every 500 mi up to 
3,000 mi 2 , and intermediate 100-m:1. 2 areas are indicated by the dots along the 
right mrgin. By connecting the vertex in the upper left with the appropriate 
dot on the right, the user can determine the adjustment factor corresponding to 
th~ orientation difference noted along the abscissa. As an example, for a 1,000-
mi isohyetal I&ttern whose orientation differs by sr from that determined from 
figure 8, the adjustment factor read from figure 10 is 97 .3%. Note for 
orientation differences of 65'" or larger, the adjustment factor is that given by 
the scale along the right mrgin for the respective areas. 
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4~4~4 Noncoincidental rainfall pattern 

One my find through a trial and error approach that, in some hydrologic 
situations, an isohyetal p:t.ttern orientation different from that of the drainage 
nay give a more critical result tran that obtained when the orientations 
coincide. This appears to be possible, for some drainages, because there is a 
tradeoff between the volume one gets from a rainfall p:t. ttern coincident with the 
drainage, but requiring mximum. reduction for orientation relative to R-iP, and 
that from a noncoincident placement of the isohyetal pattern with less or no 
orientation reduction. 

To illustrate, assume a precipitation pattern placed on a hypothetical drainage 
has an orientation differing more than 65 degrees from that given in figure 8 for 
the location. The recommended procedure in this study is to apply the mximum 
reduction allowed in figure 10 to all the isohyet values, for orientation 
differences of this mgnitude. However, it might be possible to obtain a more 
hydrologically critical result if the rainfall pattern placed over the drainage 
and the drainage orientations were kept dissimilar and the isohyet values were 
not reduced at all. Because it appears it my be necessary to check a wide range 
of possible orientation arrangements to determine the hydrologically most 
critical relationship between PMP and rainfall p:tttern on drainage orientations, 
we offer only limited guidance. The most likely situations where non-fit and no 
reduction would be important are those that involve liBximum reductions to PMP for 
low drainage shape ratios ((2), i.e., "fat" drainage shapes. 

Another consideration that needs to be noted is that the discussion of pittern 
placement in this report is pri!IB.rily directed at drainages that are not affected 
by orographic influences (the nonorographic region in HMR No. 51). Should it be 
of interest to estimate PMP from HMR No. 51/52 techniques applied to a drainage 
in the orographic region, it is necessary to judge whether placement of the 
pattern to center in the drainage or to align with the drainage is 
meteorologically possible. An example is the following: if a tropical storm is 
taken as the PMP storm type for a drainage on the western slopes of the southern 
App:tlachian Mountains, it is unlikely that the isohyetal pattern can be 
realistically centered more than a few miles west of the ridgeline. Thus, in the 
orographic regions, one needs to recognize the storm type most likely to give PMP 
and then determine where and how the idealized pattern can be placed. 

4.4.5 Comparison to other studies 

There are only a few references to orientation of isohyetal patterns in the 
meteorological literature. HMR No. 47 (Schwarz 1973) discusses the subject of 
orientation preferences and reduction to tMP for pattern orientation in the 
Tennessee Valley. Schwarz concludes tha.t 100% of R-iP would apply to orientations 
between 195 and 205 degrees. Riedel (1973) suggests that 100% of IMP applies to 
orientations between 200 and 280 degrees for the Red River of the North and the 
Souris River in North Takata. For these locations, figure 8 gives central 
orientations between 210 and 245 degrees, and between 240 and 255 degrees, 
respectively. Our ± 40° range for full R-iP, when added to these central 
orientations, permits general agreement between these two studies and the present 
study, although in general we allow for more westerly components than were 
reported in the earlier studies. 
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Huff (1967) reported that in a detailed study of 10 large scale storms 
(IllinoiS') in the period 1951-1960 in which 12-hour rainfall exceeded 8 in. at 
the storm center, the median orientation was 270 degrees. This compares with a 
range of 245 to 255 degrees for central orientations across Illinois in figure 
8. A later study (Huff and Vogel 1976) reported that for heavy rainstorms in 
northeastern Illinois, B4 percent had orientations between 236 and 315 degrees. 

4.5 M~teorologieal Evaluation of Isobyetal Orientations 

We believe the basis for the orientations in figure 8 is related to the 
occurrence of certain meteorological factors conducive to optimum rainfall 
production. We know that certain combinations of storm movement, frontal 
surfaces, and moisture inflow can influence the orientation of observed 
rainfall. We also know that the movements of storm systems are often guided by 
the mean tropospheric winds (generally represented by winds at the 700- to 500-mb 
level). An attempt is made in this section to understand some of these large
scale factors relative to the occurrence of the major rainfall events listed in 
table 11. These factors are listed in table 13. Note that the isoh}retal 
orientations for the total storm given in column 6 of this table are those 
observed for these individual rainfall cases (from i:able 11) and are not to be 
confused with the orientations appearing in figure 8 for the generalized 
analysis. 

The following comments explain the information given in table 13: 

Col. 1 location of maximum rainfall 

Col. 2 date within the period of extreme rainfall on which 
the greatest daily rainfall occurred, as derived 
from selected mass curves shown in "Storm Rainfall" 
(U. S. Army Corps of Engineers 1'=145- ) 

CoL 3 rainfall type categories: tropical (T) for all 
extreme rains that occur as the result of passage of 
a tropical cyclone within 200 miles of the site of 
heavy rain; .adified tropical (~T) for those extreme 
rains that appear to be derived from moisture 
associated with a tropical cyclone at some distance, 
or whose moisture has fed into a frontal system that 
has moved to the vicinity of the rain site. The 
presence of tropical cyclones has been determined 
from Neumann et al. (1977). Tropical cyclone rains 
that become extratropical are also labeled MT; 
general (G) includes all rains for which no tropical 
storm was likely involved; local (L) for relatively 
short-duration small-area storms. 

Col. 4 the orientation (direction storm is moving from) of 
the track of low-pressure center passing within 200 
miles of the heavy rain, for the date of closest 
passage of the rain center. When no low-pressure 
center passes near the rain site, "none" is listert 
in table 13. 
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Table 13.---Meteorological factors pertinent to isohyetal orientation for mjor 
stor.s used to develop regional analysis (fig. 8) 

1 

Storm center 
1. Jefferson, OH 
2. Eutaw, AL 
3. Paterson, NJ 

14. Beaulieu, MN 
17. Alta pass, NC 
18. Meek, m 
19. Springbrook, Mt. 
20. Thra 11, TX. 
21. Savageton, WY 
22. Boyden, IA 

23. Kinsman Notch, N8 
24. Elba, AI. 
25. St. Fish Htchy,, TX. 
27. Ripogenus Dam, ME 
30. Hale, CO 
37. Hayward, WI 
38. Smethport, PA 
39. Big Mea downs, VA 
42. Collinsville, IL 
44. Yankeetown, FL 

45. Council Grove, KS 
48. Bolton, Ont. Can. 
49. Westfield, MA 
51. Sombreretillo, Mex. 
53. Zerbe, PA 
54. Broome, TX 
55. Logansport, LA 
56. Golconda, IL 
57. Glenville, GA 
58. Darlington, sc 
59. Beaufort, NC 

LEGEND 
-T Tropical 

G - General 

Column 
2 3 4 

Date of Type of Orient. 
max. daily rain- of storm 

rain storm track 
9/.1~/1878 MT 190 
4/16/00 G none 

10/09/03 MT 100 
7/19/09 G none 
7/16/16 MT*l none 
9/16/19 MT*2 none 
6/19/21 G 260 
9/09/21 MT*3 none 
9/28/23 G none 
9/17/26 G none 

11/04/27 MT*4 none 
3/14/29 G none 
7/01/32 G none 
9/17/32 MT 185 
5/31/35 L none 
8/30/41 G none 
7/18/42 L none 

10/15/42 MT*S none 
8/16/46 G none 
9/05/50 T 180*8 

7/11/51 G none 
10/16/54 MT 200 
8/18/55 MT 175 
9/21/67 T 020 
6/22/72 MT 150 
9/17/36 MT*6 none 
7/23/33 T 240 

10/05/10 G none 
9/27/29 MT*7 230*7 
9/18/28 T 230 
9/15/24 MT 240 

-MT Modified Tropical 
L - Local 

*1 - Trop. eye!. dissipated in central Georgia on 14th 
2 - Hurricane dissipated in southwestern Texas on 15th 
3 -Hurricane dissipated on Texas-Mexico border on 8th 

5 
Orient. 

of front. 
surface 

135 
210 
180 
none 
none 
none 
200 
none 
none 
210 

180 
210 
240 
160 
090 
250 
190 
none 
260 
none 

250 
200 
none 
none 
220 
none 
245 
235 
none 
220 
210 

4 - Tropical cyclone headed north @ 36°N, 80°W. mid-day 3rd 
5 -Tropical cyclone dissipated in eastern North Carolina on 12th 
6 - Tropical cyclone dissipated near Del Rio, TX on 14th 
7 -Hurricane at Key West on 27th, track gi11en for 30th 
8 - Storm looping on 4-Sth 
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6 
Observed 

orient. of 
iso. pat. 

190 
230 
170 
285 
155 
200 
240 
210 
230 
240 

220 
250 
205 
200 
225 
270 
145 
200 
260 
205 

280 
190 
230 
220 
200 
230 
215 
235 
180 
205 
235 



Col. 5 the orientation (only one end of the 2-ended line 
given) of the frontal surface if the front is within 
100 miles of the rain center (from United States 
Daily Weather Maps) for the date of greatest daily 
rainfall. When no frontal surface appears near rain 
site, "none" is listed in table 13. 

Col. 6 the orientation of observed rainfall pattern for the 
total storm from table 11 

Eighteen of the 31 rains in table 13 come from tropical or modified tropical 
storms. A logical question is whether the orientation of the rainfall pattern is 
the same as the orientation of the storm track. Eleven of the thirteen rainfalls 
that have storm track information show agreement within 50 degrees between the 
storm track and rainfall orientations. 

Some of the modified tropical cyclone rains showed that maximum rainfall 
occurred where tropical moisture interacted with a frontal surface generally 
approaching from the west or northwest. This kind of interaction and the 
complexity involved in ascertaining the cause for the paiticular isohyetal 
orientation is illustrated in the case of the Zerbe, Pa. storm (6/19-23/72). 
Figure 11 shows a cold front through the "Great Lakes at 1200 -(}ofT on the 21st that 
moved eastward and became stationary through western New England by 1200 -(}ofT on 
the 22nd. The track of the tropical cyclone center is shown by 6-hr positions. 
After 1200 ·ru:r on the 22nd, the storm center appears to be attracted toward the 
approaching frontal trough position and recurves inland through Pennsylvania. 
The orientation (approx. 200°) of the total-storm isohyetal pattern is plotted in 
figure 11 for comparison. Although the front appears to be dissipating with the 
approach of the tropical cyclone, the orientation of the total-storm rainfall 
would suggest that the effect of the frontal surface as a mechanism for heavy 
rainfall release was important. Thunderstorms along the frontal surface may have 
moved in a northeasterly direction (200°), steered by the upper-level winds. 
Since all of these features are in motion, it is likely that the orientation of 
the isohyetal pattern is the composite result of several interactions. One 
additional factor that has not been discussed is the effect of the Appalachian 
~ountains. The ridges comprising these mountains also have a northeast
southwest orientation. i-le are unable to say at this time how the interaction 
between moisture flows and these terrain features contribute to the overall 
orientation of the precipitation pattern. 

The Springbrook (6/17-21/21) and Savageton (9/27-10/1/23) storms were 
associated with nontropical low-pressure centers to the south of the respective 
rainfall maxima, around which moist air drawn from gulf latitudes encountered 
strong convergence to release convective energy. 

Reviewlng the results given in table 13, one may ask, what meteorological 
feature provides the source of precipitation for those storms that show "none" in 
columns 4 and 5. To answer this question requires studies beyond the scope of 
this discussion, but in many instances we believe the precipitation was caused by 
horizontal convergence of very moist air. This convergence in most instances was 
clue to meteorological conditions, while in others it may have been enhanced by 
terrain features. 
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Figure 11.--TraCk of hurricane Agnes (6/~22/72) showing frontal positions and 

orientation of the greatest 20,00o-.t precipitation area centered at Zerbe, 
PA. 

The -Golconda, Illinois, storm (10/3-6/10) is representative of most of the 
other major storms in table 13 in which the isohyetal orientation can be more 
closely related to the orientation of the frontal surface. For this storm figure 
12 shows a weak and dissipating cold front (A) approaching "Golconda from the west 
on the 3rd and 4th. Farther west on the 4th a second cold front ('B) is passing 
through the Dakotas and moves rapidly eastward to a position southwest-northeast 
through the "Great Lakes on the 5th. Twenty-four hours later this second front 
has passed eastward of ·Golconda. Prior to its passage, strong southerly surface 
winds bring moist tropical air northward through the Mississippi Valley. It is 
presumed that this moist air upon meeting the frontal surface, is 1i fted to a 
level at which convective lifting takes over. Thunderstorms, or local storms, 
triggered along the frontal surface produce the observed rainfall orientation. 
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Almost all of the 31 major storms listed in table 13 included thunderstorm-type 
bursts of heavy rain. Tendencies for these short-duration bursts are evident in 
major portions of the mass curves (not shown here) for each storm. Thunderstorms 
imbedded within widespread rain patterns are common to major rainfalls in the 
study region. Since thunderstorms are involved, we speculate that the isohyetal 
pattern orientations probably are controlled to some degree by the upper-level 
flows (see Newton and Katz 1958, for example). 

'iaddox et al. (1973) studied the synoptic scale aspects of 151 flash floods, 
113 of which occurred east of the lO_';th meridian. (One-third of these had 
maximum precipitation amounts equal to or exeeding 10 in.) Their results showed 
that the winds aloft tend to parallel the frontal zone during t~ese events. They 
also showed that 500-mb winds were representative of the winds aloft between 700 
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and 200 mb, and ttet mean 500-mb winds for these events varied between 220 and 
250 degrees (standard deviation of about 30°). Although they do not discuss 
regional variation, this range of 500-mb w.:lnds agrees well with the orientations 
adopted for IMP-type rain pltterns (fig. 8). 

Upper-level winds are routinely available only after December 1944 (Northern 
Hemisphere Ihily Maps). Seven storms in table 12 occurred after this date, for 
which the 500-mb winds were 280° at Collinsville, Illinois, 260° at Council 
Grove, Kansas, 210° at Bolton, Ontario, 215° at Westfield, Massachusetts, 020° at 
Sombreretillo, Mexico, and 220° at Zerbe, Pa., the 500-mb winds were 
indeterminate for the Yankeetown, Florida rain site because of the occurrence of 
a sm.ll closed low system aloft associated with the surface hurricane. There 
is agreement within ± 20° between 500-mb winds and the orientation of heaviest 
rainfall for these storms. Had 500-mb informtion been available for more of the 
storms, it is expected tha~ this association would be further supported. 

4.6 Application to BMR No. 51 

This study of isohyetal orientation of mjor rainfalls has produced guidelines 
we recommend for use in adjusting the volume of rainfall obtained from the 
isohyetal patterns of the 6-hr P.1P increments. Figures 8 and 10 are used to 
reduce the PMP for certain area sizes if the orientation of the pattern placed on 
the drainage does not fall within ± 40° of the prescribed IMP orientation for 
that site. To apply these results use the following steps: 

1. For a specific drainage, locate its center on figure 8 and 
linearly interpolate the central orientation for :EMP at 
tte t loc.a tion. 

2. Obtain the orientation of the isohyetal rattern that best 
fits the drainage. In the orographic region of HMR No. 51, 
the orientation of the pattern my not fit the drainage but 
will be controlled by terrain and meteorological factors. 

3. If (1) differs from (2) by more than ± 40° the isohyet 
values for each of the 6-hr increments of FMP are to be 
reduced in accordance with figure 10. Differences in 
orientations of more than ± 65° require the mximum 
reduction. The reduction that is applicable, however, is a 
function ~f the storm pattern area size with no reduczion 
if 300 mi or less, and a uaximum of 15% if 3,000 mi or 
more. 

5. ISOHYET VALUES 

5.1 Introduction 

When considering the Spltial distribution of rainfall over a drainage, a 
question that needs to be answered is how concentrated the rain should be. Keep 
in mind that the concentration or distribution of the drainage-average EMP does 
not change the total rain volume for idealized elliptically shaped drainages. 
For this report, the sratial distribution is set by the values of isohyets in the 
isohyetal plttern. Part of this question hls been answered in chapter 3, where 
we developed an idealized pattern shown in figure 5. This chapter, therefore, 
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deals with determination of the values to assign the isohyets in tha.t figure for 
each 6-hr increment. Chapter 6 treats isohyet values for shorter durations. 

One IIBnner of distributing the drainage-average IMP is to apply the depth-area 
relation of EM.P itself, that is, giving IMP for all area sizes within any 
particular drainage. Studies mde for HMR No. 51, however, showed that the 
storms, controlling or setting IMP for smll area sizes, often did not control 
for large areas and vice versa. Therefore, we assUille that rainfall for areas 
less than the area of the PMP JBttern will be less than the corresponding IMP, 
and that the depth-area relation of IMP should not be used to determine the 
isohyet values. The term adopted for the depth-area relations in a storm is thus 
a "within-storm'' relation, since it serves to represent a relation for which one 
storm controls over all area sizes less than IMP. We have made a similar 
assumption, in this study, that such a curve also applies to areas larger than 
the area for which average IMP is being distributed (referred to as without-storm 
curves, see fig. 1) , 

If one applies the pattern in figure 5 to a drainage in the orographic region 
in HMR No. 51 there will be an additional modification to the distribution ·of IMP 
brought about by terrain effects. It is not the intent of this report to discuss 
how these local modifications are derived, but their effect will be to modify or 
"'2 rp the Pi ttern in the direction of liB jar storm JB tterns that have been observed 
on the drainage. Because these modifications are a function of the specific 
drainage, it is recommended that each application of HMR No. 51/52 in the 

'orographic region be the subject of an individual study. 

5.2 Within/Without-Storm D.A.D Relations 

From consideration of the possible depth-area-duration (D.A.D) relations, we 
recommend a within/without-storm distribution of P.1P for a drainage that falls 
somewhere between a flat average value (uniform distribution) and the depth-area 
relation of IMP. Such a relation can be patterned after depth-area relations of 
n:a jar storms. The within-storm technique has been used in several HMR reports 
(Riedel 1973, Goodyear and Riedel 1965). In this chapter, we use the 
generalization of such within-storm depth-area relations combined with without
storm relations to set the values of isohyets for the adopted pattern. 

The following sections describe the method used to obtain isohyet values at one 
location and explain how we generalized the procedure throughout the region. 
Since the method is somewhat complex, it is necessary to present a more detailed 
description of its development. 

To begin this discussion several questions are posed: a.) For which 6-hr mP 
increments do we need isohyetal values?, b.) How are within/without-storm depth
area relations for 6-hr IMP increments in (a) determined?, c.) How are isohyetal 
profiles for a 6-hr incremental IMP used to obtain isohyet values?, and d.) How 
ca.~ we generalize (c) to provide isohyet values for areas between 10 and 20,000 
mi anywhere within the study region? 

5.2.1 ~p increments for which isohyet ~lues are required 

Record storm rainfalls show a wide variation in D.A.D relations. They all 
indicate a sharp decrease with area size for the maximum 6-hr rainfalL The 
rennining 6 hr rainfall increments aey vary from showing a decrease, an increase, 
or no change with increasing area size. This mixture TtRY be due in part to a 
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storm with a complex combination of both high and low rainfall centers with 
maximum depths controlled by several centers. However, for internal consistency 
no increase in incremental PMP values with increasing area size w:ts allowed in 
HMR No. 51. If it were, it would designate a low rather than a high rainfall 
center, or a doughnut type configuration. 

We have let the D.A.D relations of PMP in HMR No. 51 set the ntunber of 
increments for which a real variation is required. These show that most spa. tia 1 
variation occurs in the largest 6-hr increment, and practically none, if any, 
occurs after the third greatest 6-hr increment. This is to say, as an example, 
that the fourth greatest 6-hr incremental PMP determined by subtracting 18-hr PMP 
from 24-hr PMP varies only slightly, if at all, with area size. Therefore, we 
recommend distributing incremental IMP for only the three greatest 6-hr PMP 
increments. The remining nine 6-hr PMP increments are used as storm pattern 
averages, ttat is, as uniform depths over the pattern area used for distributing 
I'MP • 

5.2.2 Isohyet ~lues for the greatest 6-hr PMP increment 

Since we need to obtain all isohyet values for only the three greatest 6-hr PMP 
increments, we have chosen to discuss ea. ch increment seJB ra tely. The procedure 
we followed began with consideration of the depth-a rea-duration rela tiona taken 
from oejor storms in table 1; we used these data to develop within/without
storm curves which we then converted to isohyetal profiles. Finally, we 
generalized these profiles in developing a set of nomograms that give isohyet 
values for any area size. 

5.2.2.1 Depth-area relations. We chose to consider depth-area data only for 
those storms in table 1 that provided moisture liBximized transposed depths within 
10 percent of PMP for 6 hr. This condition reduced our sample to the 29 storms 
in table 14. Next, depth-area data for these storms, taken from the appendix of 
HMR N~. 51, were used to form all available ratios of depths. For ezample, for 
10 mi , '¥vide the 10-, 200-, 1,000-, 5,000-, 10,000-

2 
and 20,000-mi depths by 

thz 10-mi depth. Then form all the ratios for 200 mi and so on to the 20,000-
mi ratios. Those within/without-storm average ratios, since they are 
individwlly done for each storm, are thus given as a percent of the respective 
standard area size value. 

'nlble 14.~jor storms from. table 1 used in deptlHJ.rea study (index nlDII.bers 
refer to listing in table 1) 

1. Jefferson, OH 
2. Wellsboro, PA 
3. Greeley, NE 
6. Hearne. TX 
7. Eutaw, AL 
8. Paterson, NJ 

10. Bonap:~.rte, IA 
12. Knickerbocker, TX 
13. Meeker, OK 
14. Beaulieu, MN 

Because 
regional 

of the relatively 
variation thit my 

15. ~erryville, LA 36. Hallett, OK 
16. Boyden, IA 38. Smethport, PA 
23. Kinsrran Notch, Nil 40. verner. OK 
24. Ell:a, AL 44. Yankeetown, FL 
27. Ripogenus Ihm, ME 45. Council Grove, KS 
28. Cheyenne, OK 46. Ritter, IA 
29. Simmesport, LA 47. Vic Pierce, TX 
30. Hale, co 51. Sombreretillo, Mex. 
34. Grant Township, NE 53. Zerbe, PA 
35. Ewan, NJ 

small sample of 
exist in these 

storms, we chose 
storm ratios. 

not to consider any 
This conclusion is 
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believed justified at this time, however, future study should investigate 
regional variation in depth-area relations. 

The ratios obtained for the 29 storms were then averaged and the average WJ.S 
plotted against area size. Since some storms are relatively snall in area size 
while others are much larger than 20,000 mi 2 , not all 29 storms have all the 
depth data needed to complete all ratios, and the larger area averages are nade 
from fewer and fewer storms. The plotted data are smoothed into a consistent set 
of curves as shown in figure 13. The solid lines represent within-storm averages 
for areas less than that of the PMP, and the dashed lines represent without-storm 
averages for areas greater than the area for IMP, the residual precipitation. 
Because of our assumption of no regional variation, figure 13 applies to the 
entire region. 

Now, by applying the curves in figure 13 to the storm area averaged PMP in HMR 
No. 51 at a specific location, we obtain a set of curves of the form shown in 
figure 14. The solid curve connects the 6-hr PMP for various area sizes (in 
parentheses). The short-dashed lines are the within-storm curves for a rea s less 
than the PMP area, and the long-dashed lines are the without-storm curves for 
areas larger than the PMP area. It is the long-dashed curves covering the 
residual or without-storm precipitation that are unique to this study. To use 
figure 14, if one considers EMP for a rrticular area size, say 1,000 mi2, enter 
the figure on the ordinate at 1,000 mi , and move horizontally to the solid line 
to obtain the value of IMP at this location, 15.5 in. To determine the 
corresponding preci pita tion during this PMP storm for any smaller (larger) a rea 
size in that l,OOO-mi 2 EMP pattern, follow the short-dashed (long-dashed) curves 
from the point of PMP. In this figure, we have treated the juncture of within
and without-storm curves as a discontinuity, although a tangential approach to 
the point of PMP may be more realistic. We assume that this decision has little 
affect on our procedure and on the results obtained. If the PMP is for some area 
size other than the standard areas shown, then interpolation is necessary, using 
the indicated curves as guidance. 

5.2.2 .. 2 Isohyetal profile. Figure 14 gives a plot of the within/without-storm 
prec.ipitation relative to area size. In the application of our idealized 
elliptical pattern, we need to know the value of the isohyet that encloses the 
specified areas. That is, if we drew a radial from the center of the pattern to 
the outermost isohyet, it would intersect all the intermediate enclosed 
isohyets. If we then plotted the value of the isohyet against the enclosed area 
of that isohyet, we could draw a curve through all the points of intersection and 
obtain a profile of isohyet values for a particular pattern area of IMP. A 
different distribution pattern of PMP would give a different isohyetal profile. 

For 37°N, 89°W, we have converted the within/without-storm curves in figure 14 
to the corresponding isohyetal profiles shown in figure 15. The curves in figure 
15 were computed by reversing the process generally followed for deriving D.A.D 
curves from an isohyetal profile. This process has been briefly outlined in the 
'"Manual for Estimation of Probable Maximum Prec.ipitation" (World Meteorological 
Organization 1973). A necessary assumption for this conversion procedure is that 
of equivalent radius. That is, since the radius of an ellipse varies with the 
angle between a particular radius and the axis, different profiles would be 
obtained, depending upon which radial is chosen. To avoid this problem, we 
approximate the elliptical pattern by a circular pattern of equivalent areas and 
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determine 
isohyetal 

the corresponding profiles. 
profiles for the standard area 

l-ie applied the 
sizes, as shown in 

procedure 
figure 15. 

to obtain 

In figure 15, the solid lines represent the profile corresponding to the short
dashed curves in figure 14. A discontinuity occurs at the point of PMP, and the 
dashed lines are the converted long-dashed lines in figure 14 representing 
residual precipitation. Vertical lines labeled A,B,C, .•• ,S are indicated to show 
the specific isohyets we chose for our idealized pattern in figure 5. Should 
supplemental isohyets be of interest, they may be interpolated from the scale of' 
enclosed areas along the top of this figure. 

To apply figure 15 for a PMP pattern of 1,000 mi 2 , for example, enter the 
abscissa at each of the isohyets and move vertically to intersect the curve for 
1,000 mi2, Then, move horizontally to the left to r~ad the respective value of 
the isohyet. Note that the ) isohyet for the 1,000-mi pattern from figure 15 is 
13.0 in., while the 1,000-mi PMP at 37°N, 89°W from figure 14 is 15.5 in. This 
says that to obtain an areal average of 15.5 in., the precipitation varies across 
the pattern from a central value of 23.3 in. to 13.0 in. at the enclOsing 
isohyet. 

5.2.2.3 Nomogram for isohyet values. The isohyet values in figure 15 were 
computed for PMP at 37°N, 89°W, but we see in HMR No. 51 that the magnitude of 
PMP varies regionally, and therefore we must have profiles to cover NP for all 
locations. It was decided that the simplest way to handle this was to normalize 
the regional differences in PMP by converting the profiles in figure 15 to a 
percentage of the greatest 6-hr increment of ~p (the same as the 6-hr ~P). For 
example, as mentioned in section 5.2.2.2, the l,OOO-mi2 P'1P is 15.5 in. The 
isohyet value for the C isohyet is 20.5 in. from figure 15. Dividing 20.5 by 
15.5 gives roughly 132 percent. If we compute similar ratios for the C isohyet 
for other area sizes and PMP, then we have a set of values representing the 
variation of the C isohyet values with area size. Connecting these percentages 
with a smooth line, we obtain the curve labeled C in figure 16. The other lines 
in this figure represent similar connections of values for the other isohyets in 
our idealized pattern (solid lines for ~p and dashed lines for residual 
precipitation). We have in figure 16 a nomogram that provides the isohyet value 
as a percent of the greatest 6-hr increment of PMP for any location and area size 
for all the isohyets in our standard pattern (fig. 5). Some additional smoothing 
was necessary to obtain a consistent set of curves. 

Once all the curves had been smoothed for the 1st 6-hr nomogram, a check was 
made using the average storm area size PMP depth from HMR No. 51 equated to the 
average PMP depth spatially distributed over the ~p portion of the storm pattern 
for a similar storm area size, The check was made by assuming drainages to have 
perfect 2.5 to 1 elliptical shapes for each of the standard are-a sizes. By 
taking the 6-hr PMP for a particular location, we read off percentage values for 
each of the isohyets, say for the l,OOO-mi2 area pattern (isohyets A to I), and 
used our computational procedure (see discussion for figure 43) to compute the 
precipitation volume. Dividing the volume by the area gave an average depth 
which should agree with that from HMR ~o. 51, for that location. This was done 
for each area size. If our results disagreed with those from HM"R No. 51, we 
applied a percentage adjustment, comparable to the disagreement, to the points in 
figure 16, as a correction. The final nomogram was checked at a number of 
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regional locations to verify that all variations from average PMP in HMR No. 51 
were less than 2%. 

In figure 16, the cusps represent the discontinuity points in figure 15, and 
although there is a question whether first-order discontinuities occur in an 
actual precipitation pattern, and while actual discontinuities in rainfall 
patterns may not exist in the regions of moderate or heavy rainfall, these are 
regions where the gradients of rainfall change rapidly. Our capability to 
represent such changes are limited and we have chosen to show them as a cusp. 
The discontinuities in figure 16 indicate that the gradient of the respective 
isohyet value variation with area size changes at that point. 

To use the nomogram in figure 16 for distributing the 1,000-m12 PMP, one enters 
the figure at 1,000 mi2 on the ordinate and reads from right to left at the 
points of intersection with the respective curves. That is, values of 
approximately 14q, 140, 131, ••• , 82 fercent are obtained for isohyets A, B, 
c, ... ,r contained within the 1,000-mi ellipse, and 60, 44, 32, 21, 12, and 5 
percent are £btained for the isohyets of residual precipitation (J to 0) outside 
the 1,000-mi ellipse. 

5.2.3 Isohyet values for the second greatest 6-hr PMP increaent 

Section 5.2.2 describes the development of the procedure to obtain isohyet 
values for the greatest 6-hr PMP increment. We wish to follow a similar 
procedure to obtain isohyet values for the second greatest 6-hr PMP increment. 
To do this, however, we nee~ to return to our data base of storms in table 1 and 
find the set of storms whose 12-hr moisture maximized and transposed rainfall 
came within 10 percent of the 12 ... hr PMP. The 12-hr depth-area data for these 
storms were used to compute ratios at all the available area sizes. Again, the 
ratios were averaged and these average ratios plotted against area size to get 
the 12-hr within/without-storm curves shown in figure 17. Then we converted the 
curves in figure 17 to depths relative to the 12-hr PMP at 37°N, 89°W (not 
shown). The computational procedure (World Meteorological Organization 1973) was 
used again to obtain 12-hr isohyetal profile curves (not shown). At this point, 
we subtracted the 6-hr isohyetal profile data from the 12-hr profile data to get 
profiles for the 2nd 6-hr increment (not shown). Then, reading depths for the 
standard isohyets chosen in figure 5 and converting these into a percentage of 
the 2nd 6-hr increment of PMP, we developed the 2nd 6-hr nomogram shown in figure 
lA. 

Once again, a check was made for accuracy as represented by the average ~p 
data from HMR No. 51, and appropriate arljustments and smoothing macie where 
needed. The set of solid curves in figure 18, representing isohyets within the 
PMP area, tends to have shifted closer to the 100 percent value. This is 
expected, because as we mentioned earlier, by the fourth increment little to no 
areal distri but! on was evident in our study computations; i.e., a value of 100 
percent of the incremental PMP applies throughout the PMP portion of the pattern 
storm (this does not include residual precipitation). 

5.2.4. Isohyet values for the third greatest 6-hr PHP iner~nt 

We used the observation of converging values discussed in section 5.2.3 to 
obtain isohyet values for the third greatest 6-hr PMP increment, rather than 
repeat the complex procedure followed for the greatest and second greatest 
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increments. Therefore, we plotted the values of the first and second greatest 6-
hr PMP increments for each isohyet from the respective nomograms (figs. 16 and 
18) and connected them with a smooth curve to a value of 100 percent used to 
represent the fourth increment. From these simple curves, we then interpolated 
the percents for the third 6-hr P.1P increment. One advantage of this procedure 
w:~.s that it guaranteed consistency between results. 

The results of this interpolative scheme are shown in figure 19 in percent of 
the third greatest 6-hr ?.1P increment. In this figure, we see tMt the 
respective curves for P.1P (solid lines) are very near to 100 percent. Note the 
difference in scale of the abscissa between RiP curves and residual precipitation 
curves, mde to facilitate their use. These curves were also checked for 
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agreement with HMR No. 51 as described for the previous two 6-hr increment 
nomograms. 

5.2.5 Residual-area precipitation 

The nomograms in figures 16, 18 and 19 ;.;ere believed sufficient to provide 
areal distribution of PMP within any pattern area and location. It was mentioned 
in section 3.5.3, that it was necessary to introduce the concept of residual 
precipitation, i.e., that which fell outside the area for which NP was being 
distributed. Residual precipitation is needed to cover the remainder of the 
drainage not covered by the elliptical pattern for the area of the PMP. In each 
of the nomograms the dashed curves give isohyet values for application to the 
uncovererl drainage. For the fourth through 12th increments, we have said that a 
constant value applies to the area of PMP being considered. 

Outside this area, there would ~e a decrease in the precipitation from that of 
the ~-tP pattern. The distribution of this residual precipitation for the fourth 
to 12th increments was determined from the tendencies shown for the residual 
precipitation isohyet values in figures 15, 18 and lq, The results of 
extrapolation from these relations are presented as a nomogram for the fourth 
through 12th 6-hr increments, in figure 20. Note these curves all start from 
100%, as compared to the residual precipitation curves in figure 19. 

To emphasize the difference between precipitation patterns for the 1st three 
nomograms and that for fig~re 20, we show two schematic diagrams in figure 21 for 
a PM.P pattern of 1,000 mi , as an example. The figure at the top represents a 
pattern of isohyets for which values are obtained for the three greatest 0-hr P-iP 
increments. The figure at the bottom shows the pattern of isohyets for whic2 
values are obtained for the fourth through 12th 6-hr P'-!? increments of 1,000-mi 
P~P pattern. Residual precipitation in both diagrams is indicated by t~e dashed 
lines. 1-le have added an irregularly shaped drainage to the patterns in figure 21 
to clarify the point that there will be a reduction in the volume of 
precipitation that occurs even for the fourth through 12th 6-hr periods. That 
is, even though a constant value applies across the drainage as shown b:; the I 
isohyet, only a portion of the area enclosed by ti-Ji.s isohyet lies within the 
rlrainage. 

5.2.6 Tables of nomogram values 

He have found t1-jat different users read slightly different values from the set 
of nomogram figures pro videO in tl-tis study. "!'o minLnize such <ii fferences anrl. 
since the reading of values from these figures is a recurrent process in the 
application procedure outlined in chapter 7, it was decide~ that values read from 
the nomograms would be provided in tabular for;n. Reference to the tahles when 
making the computations in chapter 7 will assure all users :1ave the same 
values. Tables 15 to 18 provide nomogram values for each of the stanrl.ar:i isohyet 
area sizes and for an intermediate area size between each of the standard isohyet 
area sizes. 

\fate that, although these tables are useful for all computRtions, it 'llaY still 
be necessary to refer to the nomograms on occasion. One such ocassion would be 
when one wishes to distribute ~1P over an area size other than one of the 
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Table 1~.--lst 6-hr nomogram values at select~ area sizes 

Storm Area (mt
2

) size 

Tsohyet 10 l7 25 " 10 7.1 100 140 175 220 300 360 

' 100* 101 102 104 106 lOG 11.2 116 110 122 121) 120 

" 64 7R Ql* 07 QQ 102 101 lOR 111 114 11R 121 

c 4R IR 67 77 "'* Ql QR 101 103 106 110 lU 

0 3R '·6 12 IQ 66 77 GO* 03 06 QO 103 101 

E 30 37 43 ''" 14 02 6R 7R RO* ., G6 '" 
" 24 'Hl 34 1Q 44 10 II 61 66 73 RR* 00 

c 1Q 21, '" 32 31 40 ~~~~ 4Q 53 IR 61 71 

H 14 10 2?. 21 " 12 11 10 42 46 11 16 

[ 10 14 17 10 22 26 '" 12 14 17 42 41 
~ .1 6 Q 1" .. 14 16 10 , ?_!f 26 ::!R 3? 11 ~ 

K 2 I 7 q 11 11< 16 1R 20 22 21 27 

L 0 1 I 7 q 11 11 1 I 17 ,. 21 

M 0 0 1 I 6 R q 10 12 11 

N () 11 () 1 ' 1 4 6 7 

0 () 0 0 0 1 2 

p 0 0 

----~--'-----------~---------

*Tncli.cares cusp. 



Table 15.--lst 6-hr nomogram values at selected area sizes - Continued 

lsot"' ~e~t~t--4'-"-5l"l ___ Scc60• 

* 

A 

B 

c 
() 

E 

G 

II 

J 

K 

L 

M 

N 

() 

p 

132 136 

124 128 

116 120 

108 lll 

I 01 

93 

86* 

63 

50 

38 

30 

21 

(5 

R 

l 

0 

95 

89 

72 

56 

43 

3_1 

25 

\6 

9 

3 

0 

- q ___ j __________ -. 
l.nd i cates cusp 

700 

140 

132 

\24 

11 5 

107 

98 

92 

84 * 
63 

48 

36 

27 

(8 

((I 

4 

() 

RSO 

14 5 

116 

128 

119 

110 

10 I 

94 

87 

72 

54 

40 

30 

\9 

I J 

0 

Storm area (mi 2 ) size 

1000 

\49 

140 

I 3\ 

\22 

113 

104 

97 

89 

82* 

60 

32 

21 

J2 

5 

0 

1200 

!55 

14 5 

l36 

12 6 

J\6 

107 

100 

92 

85 

6/l 

49 

35 

23 

14 

6 

0 

1500 

162 

!52 

142 

112 

122 

112 

105 

96 

88 

so* 
56 

41 

26 

\6 

7 

() 

1800 

!69 

158 

14 7 

137 

\26 

II 7 

JOB 

99 

91 

83 

64 

46 

29 

18 

8 

0 

2150 

176 

16 5 

!54 

14 2 

131 

122 

113 

103 

95 

86 

n* 

52 

33 

20 

9 

2 

0 

2600 

184 

172 

160 

148 

137 

127 

JIB 

108 

99 

89 

80 

62 

38 

22 

11 

3 

0 

-------------

3000 

191 

17 9 

166 

!54 

142 

132 

122 

112 

l02 

92 

83 

74* 

44 

25 

13 

4 

0 

3800 

203 

189 

176 

163 

!50 

!40 

130 

ll9 

108 

98 

89 

79 

56 

31 

15 

6 

0 



Table 1~.--lst ~-hr no~ogram values at selecterl area Rizes- Continue"' 

, 
Storm a ren fmi ) size 

Tsohyet 4')00 "i'iOO !1'100 ROOO 10000 120011 1"i000 lROOO 20000 

A 212 22'3 211 2!17 262 274 200 '\04 112 

R \OR 20q 2\A 710 241 2"i"i 271. ?:R1 201 

c 1A4 104 201 214 227 "" 253 264 271 

0 170 lAO 1R7 1 OR 200 2JO 212 242 24R 

E I'7 lon 174 1R1 104 201 214 224 22Q 

R 146 111 100 100 17A lAO 100 201 ?:10 

c 111 142 14R I'7 106 174 1A1 1 q2 107 

H 1?4 111 117 14 t, 1'1? \00 lf'iR 176 1R1 

J 111 110 121 112 140 147 lSh 104 InA 

J 101 \OR 111 l'H) 1?~ U'i 1/~_'\ 110 t_"i4 
~ 
~ 

' 01 QR 101 110 117 121 111 11A 142 

L R1 "" 01 qq 107 ll'\ 1?11 127 lll 

M 71* 70 Rl R7 Q1 qq 106 111 11 7 

N 17 t, ~l .10* " "' R7 04 101 104 

n JQ 71 20 40 OR* 71 RO An RQ 

I' R 10 11 1R 26 1R I)'>* 71 74 

n 0 0 1 7 11 1R 2A 10 

" n 0 n 0 ' 0 R 

s 0 0 0 

_______ _j_ ___________________________________________ _ 

*Indicate,; cu,;p 



Table 16.--2nd 6-hr nomogram values at selected area sizes 

' Storm a rea (m:l -) size 

~-hyet~ 10 17 21 11 10 71 100 140 171 2?.:0 300 300 

A 100* 102 101 104 105.5 107 lOA 100 110 110.5 lll.'i 112 

R At, Rl.'i OR* QO 100.5 102 101 104 l.O"i 1oo 107 lOA 

c 4R ol 72 R2 Qfj. 'i* OA QQ 100,5 101 • 5 102.') 103."i 104 

0 3Q 10 10 fih."i 7h Ao Ql* %.'5 C!7.5 ClfL5 100 101 

E 10 1,0 4A "i4.'l 62.5 72 7' A8 Ol* "' Q],'} C!R,'i 

F 24 12 10 44.'i 11 ')Q,5 ol 73 70 Rl Ol* % 

c 20 27 12.5 17.5 !.1. 'i 10 5I o2 66.'l 72 80 AS 

II II! 2t).'i '" 10. 'i 1h 42 47 52.'1 "ifi. 5 OJ fi7.'i 72 

I 10 1 'j • ') 20 24 20 34.'5 1"l."i 41.1 47 11 17 o1 
~ 
N .J 7 p l 'i. 'i '" 7.1 27. 'l 11 11 1R."i 42 47 10 

K 1 7 ] 0. 'j 11. 1 17 ?I 24 27.'i 10 11 37.'1 40. 'l 

L 0 l.l I 7. I 11 14. 'i I 7 :W.'i 21 '" 10 11 

" 0 0 l 4 7 Q , J 4. 'i 17 20.'i 21 

N 0 fl 0 1.1 I 7 .I I 0 1? 

() 0 0 0 0 1 1 

p 0 0 

~--L~~--------

*fwHcRtes cusp 



Table 1~.--2nd ~-hr nomogram values at selecte~ area sizes- Continue~ 

<:;torm area (mf?:) s lze 

lsohyet 4SO %0 700 ASO 1000 1200 1500 1800 2l 'iO 2600 1000 3Rn 

A 111 114 114. 'i 11' 11n 11fi.'i 117 11R llR. "i 119 11 Q. ') PO.'i 

R !00 100,') 11_(\ 111 ll?. 11?:. ') 1!1 114 114. 'i ll 'l, ') lH) 117 

c 105 1on 107 107,') lOR.'i 109 110 110. ') 111 112 ll2. 'i ll'L"i 

0 102 102.'i 104 1(\4.') lOS !On 107 lOR 1 OR. 'l IOQ,') llt"J lll 

E Q{j,'} 100.5 101 102 101 !04 lOS 10'l.S 106.5 107 108 109 

" 97 9R OQ 100 101 102 101 104 104,') lO'l.'i Jon 107 

G .,. on 97 98 99 0<),5 100.5 101 • 5 102 103 104 lOS 

H 77. 'i RS 9S* % 97 QJ.'i 99 CJCJ,'l 100 101 102 101 

I n6 71.') 78 RS 1J'i* 90 97 98 99 9Q,5 IOO.'i 101.5 

J 'l4.S no fi'i.'i 71 76 R2.5 Q'i.S* % 97 98 99 100 

K ''4. ') 49 S4 'JfL5 01 nR 7').') R3 06* 96.5 97 9R 

L 1fi.'l 411 44 t,R " " fj(). 5 " 71 R1 %* 97 

M 2"i.'i 2R.1 12 " 1R 41 4S t,Q. ') S4 60.5 67 "' 
N u, 17 1 Q. 'i 22 ,4 27 11 14 17.'i 41.'i 4S 52.'i 

0 4.S fi.'i 9 11 1 2. ') 1 ,, • ') l7 1Q,'i 22 2'i."i 2R."i 14 

p () 0 0 0 0 n 0 l.S ,, 7 9 11.') 

0 .. 0 0 0 0 0 

'-···· -·-·--·-~------- ---·--

*Irvlicates eusp 



Table 16.--2nd 6-hr nomogram values at selecterl area sizes - Continue~ 

Storm area (mi 2) slze 

I soh yet 4')00 ')')()0 6')00 AOOO 10000 12000 l"iOOO 18000 20000 

A 121 122 122 121 124 124. ') 12, 12fi 12fi 

R 117 11A 11Q 1 ?:0 17.0.') 121 12?: 1?.?. • 5 121 

c 114 11' 11 '). ') llh.'l 117 11A 11Q llQ.') 120 

n 11?: l1 ?_. '\ 111 1 i4 11' 1lfi 117 llA 11A 

E lOQ.'l 110. ') 111 112 111 114 11' 11fi llfi 

p lOR lOR.') 100 110 lll 112 111 111. ') 114 

c 1 O"i. 'l lOfi.S 107 lOA IOQ 110 Ill 112 112 

II 11/1. ') 104. ') 10'l 1 Ofi 107 lOR IOQ 110 110 

I 102 101 104 lt14.'l 1 o 'l. <; lOh.'l 107 !OR HHL'\ 

J 100.') 101. ') 10? 101 104 10' 10fi lOh.'l 107 

K qq 100 100.') 101 • ') 102.') 101 104 105 105 

L Q7."i QIL') qq 100 101 102 102.') 103.') 104 

H %* Q7 q7.) Qf\.) qq 100 101 102 102 

" ,. 72. ') Q'i. ')* % Q7 QR Qq QQ.'i 100 

0 Jq 46 'i2.5 66 QS* % Q7 Q7.'l QA 

p 17 " 27 .'l 17 '0 (,4 %* Qfi. ') Q7 

0 0 0 l 6 14 ?.1 11, 47 " 
R 0 0 0 0 0 4., 7 

s 0 

-~ 

*fndfcateB eusp 



Table 17.--Jrd 6-hr nomogram values at selected area sizes 

Storm area (mi
2

) size 

Tsohyet 10 17 '' 35 oo 75 100 140 17') 220 300 360 

A 100* 100.6 101 101.3 trn .6 102 102.3 102.1) 10?. .R 101.1 101.4 103.6 

B 65 81.') ""* QCJ.4 QQJ\ 100.1 100.7 101 101.1 101. 'j 101,Q 102.1 

c 4R 63 74.') 8').5 {)8.5* qq QQ.3 QQ,7 100 100.3 100.7 lOO.Q 

D '" 51 00.') "" 7R.S oo QR.fi* qq QQ,2 QQ,'j QC),8 100.1 

E 30 40 48.') 'j'j. s 63 71.5 81.') 02 Q8 .R* Qq QQ,i QC),') 

F 24 " 40 40.') ')1."i 01.') fiR 70.'1 R3 RO QQ,O* QQ,?: 

c 20 ?:8 34 ]Q,'i 46 " 50 66 71 77 Rfi ., 
II 14 21 ?7 12. 'i 17.') 44 40 " ')Q,') 04 72 70. 'j 

l 10 10 .') 2l.S ?.:fl.') 11.') 17.') 42 47.') 51 ')'),') 62 66 

1 6.5 P.'i 17 " 26 1l.'i 1'i.') 40.') 44 It 7. ') " 56 

"' ~ K 3 7.5 1l.<j " 1Q,') 24.'i 2R 1L'i , 1"3.5 43 40 

L 0 l.o ' R.S " 10. ') 20 24 ?fl.') ';IQ,') ·n.5 36 

M 0 0 4 R.o 11.5 15 lR 20.5 24.'i 27 

N 0 0 0 1 4.5 7 10 14 10 

0 0 0 0 0 2 4 

p 0 0 

~-

*Inrlicates cusp 
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Table 17.-1rfl ll-hr nomogram values at selectefl area sizes- Continuerl 

Storm ( 2 area mi ) size 

soh yet 4oo %0 700 AoO 1000 1200 1 'lOO 1ROO 21'l0 2600 3000 3AOO . 
' 101.A 104 104.2 104.4 104.6 104.7 105 10'l.2 10').1 10'i.'l 10'i.7 10'i.A 

R 102.4 102.7 102.Q 103. ':! 103.3 103.5 103.8 104 104.2 104.4 104.6 104,R 

c 101.2 101.') 101.7 102 102.3 102.5 102.7 102 ,Q 103.2 103.4 101.5 101.A 

0 100.1 100.6 lOO.R 1.01.1 101.3 10l,'i 1.01. 7 102 102 102.4 102.'l 102.A 

F. QQ,.q 100 100.2 100.4 100.6 100.fl 101 101 .2 101.3 101.5 101.7 101 ,Q 

F Q<),') QQ,7 QQ,Q 100.1 1.00.1 100.4 1.00.7 100.R 101 101.2 101.1 101.'l 

c QQ,2* QQ,4 QQ,f) QQ,7 QQ,Q 100 100.1 100.4 100.0 100.7 100.Cl 101.1 

II A4 01 <)Q.2* QQ,4 QQ,f} Q<),7 100 100.1 100.1 100.4 100.') 1.00.7 

I 7l 77. ') "' 02 <)Q,1* 9CI.'l QCI,7 QQ,R 100 100.1. 101).2 100.5 

J no fi4.'i 70.') 7fi.'i R2.'i RQ,'i QQ,4* QQ,'i CICI,7 CICI,R CICI,Q 100.1 

K oo 54 'iR.S 6L'i o7 7? .'i R1 AO qq ,_'i* QQ,"i QQ,6 QCI,A 

L 'Fl. 'i 43 47 'it). 'i o4 <;R,<; fi'l.'i 7?.. 'j RO,"i QO, 'l I)Q. 1* QQ,'i 

II 30 33 37 40 43 4h.'l Sl."i "ih.'l 61 6o 76 fiA."i 

II ]Q n.'i ~ 'j. "j ?R."i 31 "• 3A 42 4f..'l " o7 67 

0 7 10 l3 1 "j. 'i 17 .'i 20.'1 24 27 10.') 34 'i7. 'i 41."i 

p 0 0 0 0 0 0 0 ?:.'l '·' Q 12 16. "j 

0 0 0 0 0 

*lnrlicates cusp 



Table 17.--1rd 6-hr nomogram values at selected area sizes - Continue~ 

' ~torm area ( mi --) size 

~?hyet 4')00 ')')00 O'lOO ROOO 10000 12000 15000 18000 20000 

A IOn 106.2 10h.4 101).6 106.8 107 107.2 107.4 107.5 

R 10> 10').3 105.') 1 OS. 7 IOn 106.2 101).5 10fi.7 106.8 

c 104 104.3 104.'5 104 .R 105 10').1 10'5.5 105.R 105.Q 

0 101.1 101.2 1111.') 101.7 104 104.2 104.4 10lf.fi 104.7 

E 102. 1 102.3 102. 'i 102.7 102 .B 103 101.3 103.5 101.fi 

F 101.7 10l.R 102 102.2 102.1~ 102.11 lfi2.B 101 103 

G 101.2 101 .4 1111. ') 101.7 lOl.Q 102.1 102.3 10?..4 102.'i 

H 1fH).Q 101.1 101.2 101.4 101 .fi lOl.R 102 102.2 102.2 

I 100.6 100.8 100.Q 101.1 101.1 101. ') 101.7 101.A 101.Q 

"' ~ J 1()0.2 100.4 100. 'i 100.7 100.Q 101 1M.~ 101.1 1111.1+ 

K qq_q ]00 100.?. 100.1 ton.s 100.7 100.A 101 101.1 

r. QQJ) Q'1.7 QQ.A 100 100.~ 100.1 100.'l 100./1 100.7 

M QQ.3* QQ.4 QQ.'i QQ.fi QQ .f~ QQ.Q 100.1 100.?. 100.2 

N 7h "" C!A.Q* qQ QQ.? QC).1 QQ.') QQ .fi C!C!.7 

0 4Q " os 70 CiR.7* QR.A qq QQ.l QQ.2 

I' 21 ?.7. 'i 11+. ') 44.') so 71. 'i ""* QA.7 QA.?. 

0 0 0 1 R 1H 27. ') 42 'l4.S "" 
n 0 0 0 0 1 7.' 12 

s 0 0 0 

-~------ ---- ------· ----·--

*fn<lfc,ttes cusp 

.. 



Table 1R.--4th to 12th 6-hr nomog~am values at selected area sizes 

Storm 
? area (mi-) size 

soh yet 10 l7 " " '0 " 100 140 1" 220 300 %0 

A 1.00 

R "' R1.'> ]00 

c 4R A2.5 74.') "" ]00 

n 1Q SO.'> OO.'i fiR. 'i 71'1.'> RCI.') 100 

E 10 40 4R.5 " "' " R1.5 Q[ 100 

' 24 11 40 4n ">1.') fi 1.. ') nR 7fi.5 R1 RQ 100 

c 20 27.5 34 JQ 4o " 
,. fi">.S 71 77 86 Ql.') 

H II> " 27 11..'> 17.') 44 4Q " 5R.'i o4 7?. 77 

1 10 16 21.5 26 11.5 17 42 47.5 5I " 62 6'l.5 

.T 6.5 " 17 2l 26 H 1'i. 5 40 44 47 51 ')5.5 

K 3 7.' 1.1. 'i " 1 (}. 5 24 2R " 35 3R.5 43 46 

T. 0 0.' ' "·' p lh 20 23.5 2fi.5 2Q 11.'i % 

M () 0 0.5 4 R., 11.) " 18 20.5 24.5 27 

" 0 0 0 1 4 7 .. , 14 16 

0 0 0 0 0 2 4 

r 0 0 

. 



table 18.--4th to 12th- 6-hr nomogram values at selected area sizes - Continued 

Storm area (mi 2 ) size 

sohyet 450 560 700 850 1000 1200 1500 1800 2150 2600 3000 3800 

A 

B 

c 

D 

E 

F 

G 100 

~ 
II 84 91 100 

"' I 71 77 .s 85 92 100 

J 60 61,. 5 70.5 77 82.5 89.5 100 

[( so 53.5 58.5 62 67 72 81 89 100 

L 39.5 43 47 50.5 54 58.5 65.5 72.5 80.5 90 100 

" 30 33 37 40 43 46.5 Sl. 'i 56 61 69 76 88.5 

N 19 22 25.5 28 31 33.5 18 41.5 46.5 51.5 57 67 

0 7 9.5 13 l5 17.5 20 24 26.5 30.'5 33.5 37.5 43.5 

p 0 0 0 0 0 0 0 2.5 5.5 9 12 17 

Q 0 0 0 0 0 

-·------ -----·-·--·----------------·---------__j 



Table lB.--4th to 12th 6-hr-nomogra. values at selected area sizes - Continue~ 

Storm 
2 

area (mt ) size. 

sohyet 4500 'i'500 6'i00 fiOOO 10000 12000 15000 lfiOOO 20000 

A 

B 

c 

n 

E 

F 

G 

H 

I 

.) 

K 

L 

M 100 

N 7h AA 100 

0 4• '56.'i "' 7• 100 

p 21 27 14.'i 44 ,. 71 100 

() 0 0 I A lA 27 4? <4 "" R 0 0 0 0 I 7 12 

s 0 0 0 



standard i sohyet a rea 
supplemental isohyet(s). 

sizes, for which 
This construction 

it is then necessary 
is discussed in chapter 

5.3 Area of Pattern Applied to Drainage 

to 
7. 

construct 

Up to this point in our discussion we have not indicated specifically how we 
select the area size of the PMP to distribute across a p3.rticular drainage. In 
previous EMP studies, we have assumed that the rraximum peak discharge and the 
maximum volume of precipitation in the drainage were represented by a l:asin
centered p3.ttern for :EMP equivalent to the area of the drainage. This assumption 
was necessary because we do aot have sufficient information to determine what the 
hydrologically most critical condition is for peak discharge. Obviously, as 
precipitation p3.tterns are moved to centering positions closer to the drainage 
outlet, greater peaks rray occur but volume probably will be reduced. 

In the present study, we have chosen to base our selection of P.>iP patter:n on 
maximizing the volume of precipitation within the drainage. This eliminates the 
assumption used in other Hydrometeorological Reports that P:1P be based on an area 
equal to the drainage area. 1:1aximum volume is a ft.mction of pattern centering, 
of l::Rsin irregularity of shape, and of the area size of P1P distributed over the 
drainage. Of these, we have control over the pattern centering when we recommend 
that all p3.tterns be centered to place as !!BUY complete isohyets within the 
drainage as possible. The irregularity of the drainage is fixed, and we are left 
with the area of the :EMP pattern as a variable. However, the process of 
maximizing volume for various area sizes results in a procedure i::tvolving i:1. 

series of trials. 

To obtain the area that llllximizes precipitation within the drainage, we propose 
that the user start by selecting an area size in the vicinity of that for the 
drainage. It is convenient to choose areas that l!lltch those for the isohvets in 
our idealized p3.ttern (700, 1,5-QO, 6,500 mi2, etc.). Compute the voiume of 
precipitation for eac.h of the 3 greatest 6-hr increments of PMP at the area size 
chosen and obtain the total volume. Then, c.hoose additional areas on either side 
of the initial choice, and evaluate the volume corresponding :o each of these. 
By this trial proc.ess, and by plotting the results as area size (selected) vs. 
volume (computed), we can approximte the area size at whic.h the volume reaches a 
maximum. (This may require drawing supplemental isohyets.) 

This procedure will be better demonstrated by the examples presented in chapter 
7. It will be found that, as experience is gained in the applic:ation of patterns 
to variously shaped drainages, one can do a better job at the initial selection 
of area sizes. 

5.4 Multiple Bainfall Centers 

In general, we recommend a single-centered isohyetal pattern for distributing 
P-1P. From IIBjor storms of record we note that as the size of the rainfall 
p;l. ttern increases, the number of rainfall centers increases. '!'his observation 
has led to the following considerations. 

5.4.1 Development of a multicentered isohyetal pattern 

A. consideration 
is how the end 

when discussing the numbers of centers 
product (the flood peak) varies with 
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Figure 22~-Schesmtic showing an euaple of Dll.tiple centered isobyetal JSttern 
(HiP portion only). 

centers. In general, all else being equal, the more centers used, the lower the 
peak discharge. If multiple centers are to be considered, we therefore recommend 
a limit of two. 

The process 
ehe standard 

for deriving these centers w.i.thin an 
i sohyet s and their values for a 
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determined from the nomograms described in sections 5.2.2 to 5.2.5. The multiple 
centers need not have equal areas nor equal numbers of isohyets. An example of 
multiple cell construction is show in figure 22. In this figure, pattern X 
represents a single center, and pattern Y a double-centered pattern derived from 
pattern X. In p3.ttern Y the enclosed area of the A isohyet equals that of A in 
pattern X. The sum of the areas of the two B centers in pattern Y equals that of 
B in p3.ttern X, and similarly for the C isohyets. This approach satisfies the 
requirement to keep the volume of FM.P constant, regardless of pattern selected. 
The I!Bgnitudes of the A, Band C isohyets in X andY are the same. 

Supplemental isohyets JIBY be necessary to provide sufficient isohyets 
coverage of SliBll multiple centered p3.tterns. Intermediate isohyets can 
determined by the technique in section 3.4. 

5.4.2 Arrangement of centers 

for 
be 

Actual storms show a multitude of possible placements of the two centers •. As 
the size of the drainage increases, the number of arrangements that are possible 
also increases. It is left to the user to determine the most critical hydrologic 
arrangement for a specific drainage situation. This arrangement should not 
violate the OO.sic elliptical shape of the total isohyetal p3.ttern. 

6. SHORT-DURATION PRECIPITATION 

6.1 Introduction 

In applying P.1P estimtes to determine flood hydrographs, it is often necessary 
to determine the amounts that fell within time increments of less than 6 hr. 
Severe storms have occurred in which all, or nearly all, of the rain fell in 
periods of less than an hour. In other situations, the rainfall has been much 
more uniform, with large amounts falling every hour for several days. It is the 
purpose of this chapter to develop criteria for the nnximum 5-, 15-, 30- and 60-
min amounts that occur within the largest 6-hr increment of ?.1P deter:nined from 
HMR No. St. Another important feature is the temporal distribution of these 
short-duration values within the greatest 6-hr increment. This has not been 
studied for the present report. It is left to the discretion of the analyst to 
place these values chronologically in the most critical sequence. 

6.2 D.tta 

The amount of storm-centered data available for durations between land 6 hr is 
limited. Of the total storm sample available in the United States east of the 
105th meridian only 29, or about 6 percent, had data for the 1-hr duration. 
These storms are listed in table 19 and provide a Casis for much of the analysis 
in this chapter. For mny storms, data are insufficient to define an accurate 
isohyet...o;.l pattern near the storm center. In these cases the value for the 
largest observation, or the innermost isohyet draw, is assumed to represent the 
average depth over a lO-mi 2 area. Of our storm sample, 12 had sufficient data to 
define the areal distribution to the nearest square ;nile. These storms are 
identified by an asterisk in table 19. 

Many of the storms in table 19 did not last more than a ;ew hours. Since the 
inforrmtion in HMR No. 51 is restricted to areas of 10 ~-, or larger, it ·..ns 
necess..:1ry to define a relationship between point and 10-mi values for 6 and 12 

73 



'ntble 19.-Storms used in analysis of 1-hr storm-area ave:raged HlP values 

Location of storm center 
!.at. Long. St arm a s si gnmen t 

Nearest station Cl (.) ( 0) ( . ) IlHe number+ 
Baltimore, MD 39 17 79 37 ~;,12:1903 SA 1-6 
Bonatarte (nr), IA 40 42 91 48 6/9-10/1905 U1V 2-5 
Cambridge, OR 40 02 81 36 7/16/1914 OR 2-16 
Gordon, PA 40 45 76 20 8/21-22/1915 SA 1-7 
Cakda.le, NE 42 04 97 58 7/16-17/1920 NR 4-18 

la.ncaster, PA 40 03 76 17 8/18/1920 SA 1-8 
Baltimore, 11D 39 17 76 37 10/9-10/1922 SA 1-9 
Harrisburg, PA 40 13 76 51 8/8/1925 SA 1-10 
Toledo, IA 42 00 92 34 8/1-2/1929 U1V 2-17 
lakeville, PA 42 27 75 16 7/24/1933 SA 1-11 

Woodw:~. rd Ranch, TX 29 20 99 18 5/31/1935 G'! 5-20 
Elm Grove , iN* 40 03 80 40 7/10/1937 OR 9-15 
Pickwick, TN 35 05 88 14 8/21-25/1937 OR 3-25 
Winchester Spr., TN* 35 12 86 12 7/8/1938 --
Lucas Garrison, ::1.0* 38 45 90 23 8/25/1939 uw 3-19 

'iiashington, D.C. 38 54 77 03 7/23/1940 --
Ewan, NJ* 39 42 75 12 9/1/1940 ~A 2-4 
Plainville, IL* 39 48 91 11 5/22/1941 ·tMV 2-19 
I om City, IA* 41 38 91 33 9/8/1942 lltV 2-21 
Gering (nr), NE* 41 49 103 41 6/17-18/1947 MR 7-16 

. 
Holt, ltO 39 27 94 20 6/22-23/1947 c.tR 3-20C 
St. Louis, ~0* 38 36 90 18 7/5/1948 U1V 3-2 7 

jMarsland (nr), NE* 42 36 103 06 7/27-28/1951 :1R 10-7 
Kelso, MO 37 12 89 33 8/11-12/1952 1..."1V 3-30 
Ritter, IA 43 15 95 48 6/7/1953 )1R 10-8 

Tulsa , OK* 36 11 95 54 7/25/1963 --
--* 35 22 98 18 9/20-21/1965 --

Glen Ullin, ND* 47 21 101 19 6/24/1966 --
Greeley (nr), NE 41 33 98 32 8/12-13/1966 --

+These numbers are assigned by the Corps of Engiaeers (indexed to I1B jar 
drainages) and are given in "Storm fuinfall" (U. s. Army Corps of Engineers 
1945- ) • Storms without index numbers are from less complete storm studies 
maintained in the Hydrometeorological Branch. 

*Storms for which an isoryetal FQttern WJ.s developed that per'llitted determination 
of areal values for 1 mi and larger. 

hr. For this purpose another storm sample rns selected thlt consisted of all 
storms in "Stann Rainfall" (U. s. Army Corps of Engineers 1945- ) for which 
adzquate data were available to define depth-area relations bet·,.;een 1 and 10 
mi • These 54 storms are listed in table 20. 
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Utble 20.-Storm.s used to define 1- to lO-m:t 2 ares. ratios for 6 and 12 hr 

Location of storm center 
]At. Long. Storm assignment 

Nearest station (') ( ') Cl (.) Ihte number+ 
Constableville, NY 43 44 74 46 7/1-5/1890 GL 1-2 
s. Canisteo, NY 42 15 77 33 9/8-13/1890 GL 4-1 
Blanchard, IA 40 31 95 13 7/6-7/1898 MR l-3A 
Girardville, PA 40 48 76 17 8/3-5/1898 SA 1-4 
Fries burg, NJ 39 35 75 25 9/12-15/1904 NA 1-9 

ana pa. rte (nr), IA 40 42 91 48 6/9-10/1905 l.MV 2-5 
Ar~delphia, AR 34 07 93 03 6/28-7/2/1905 MR l-l6B 
Elk, m 32 56 105 17 7/21-25/1905 ~ 3-13 
LaFayette, LA 30 14 91 59 5/7-10/1907 L.'1V 3-12 
Sugarland, TX 29 36 95 38 5/28-31/1907 ll1V 3-13 

Ardmore, OK 34 12 97 08 7/12-15/1927 sw 2-5 
Cheltenham, MD 38 44 76 51 8/10-13/1928 NA 1-18 
Algiers, LA 29 56 90 03 9/5-9/1929 IMV 4-13 
~eeker, OK 35 30 96 54 6/2-6/1932 Sl/ 2-7 
Tribune, KS 38 28 101 46 6/2-6/1932 Sl/ 2-7A 

St. Fish Htchry., TX* 30 10 99 21 6/30-7/2/1932 ~ 5-1 
Elka. Park, NY 42 10 74 14 10/4-6/1932 NA l-21 
Peekamoose, NY 41 56 74 23 8/20-24/1933 NA 1-24A 
York, PA 39 55 76 45 8/20-24/1933 NA 1-24B 
Cheyenne (nr), OK* 35 37 99 40 4/3-4/1934 Sll 2-11 

Cherry Ck., CO* I! 39 13 104 32 5/30-31/1935 ~1R 3-28A 
Keene, OH 40 16 81 52 8/6-7/1935 OR 9-11 
Bentonville, AR 36 22 94 13 9/6-10/1937 SA 2-lSA 
Cherokee, OK 36 45 98 22 9/6-10/1937 sw 2-158 
New Orleans, LA 29 57 90 04 9/30-10/4/1937 U1V 4-22A 

Woodworth, LA 31 08 92 29 9/30-10/4/1937 UiV 4-228 
Loveland (nr), co 40 23 105 04 8/30-9/4/1938 av s-a 
~iller Island, LA* 29 45 92 10 8/6-9/1940 L'!V 4-24 
Er,an, NJ 39 42 75 12 9/1/40 NA 2-4 
jHallett, OK* 36 15 96 36 9/2-6/1940 sw 2-18 

larchmont, NY 40 55 73 46 7/26-28/1942 NA 2-7 
Charlottesville, VA 38 02 78 30 8/7-10/1942 NA 2-8 
farner, OK 35 29 95 18 5/6-12/1943 sw 2-20 
rounds (nr), OK* 35 52 96 04 5/12-20/1943 SW 2-21 
Pierce (nr), NE 42 12 97 32 5/10-12/1944 MR 6-13 

Stanton (nr), NE* 41 52 97 03 6/10-13/1944 }1R 6-15 
Turkey Ridge St,, SD 43 16 97 08 6/10-13/1944 HR 6-1SA 
New Brunswick, NJ 40 29 74 27 9/12-15/1944 NA 2-16 
Cedar Grove, NJ 40 52 74 13 7/22-23/1945 NA 2-17 
Jerome, IA 40 43 93 02 7/16-17/1946 :1R 7-9 
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on..ble 20.-Stot1ls used to define 1- to 10-m12 ares ratios for 6 and 12 hr 
- Continued 

Location of storm center 
!at. Long. Storm assignment 

Nearest sta. tion ( 0) ( ') (") (') lhte number+ 

Collinsville, IL 38 40 89 59 8/12-16/1946 MR 7-ZB 
Holt (nr), MO 39 27 94 20 6/18-23/1947 MR 8-20 
Wickes, AR* 34 14 94 20 8/27-28/1947 SW 3-7A 
Ihlla. s, TX 32 51 96 51 8/24-27/1947 SW 3-7B 
Mifflin, WI 42 52 90 21 7/15-16/1950 UMV 3-28 

Dumont (nr), IA 42 44 92 59 6/25-26/1951 lMV 3-29 
Council Gr. (nr), KS 38 40 96 30 7/9-13 /1951 aR 10-2 
Vic Pierce, TX* 30 22 101 23 6/23-28/1954 S'"W 3-22 
New Bern, NC 35 07 77 03 8/10-15/1955 NA 2-21B 
Slide Mtn., NY 42 01 74 25 8/11-15/1955 NA 2-21A 

Big Meadows, VA 38 31 78 26 8/15-19/1955 NA 2-22B 
Westfield, MA 42 07 72 45 8/17-20/1955 NA 2-22A 
Big Elk !'l.dw. Res., co 40 16 105 25 5/4-8/1969 --
Broomfield (nr), co 39 55 105 06 5/5-6/1973 --

+-See note for table 19. 
It -Westernmost center of two large nearly equal amounts, generally known as 

Cherry Ck. The easternmost center is at Hale CO, 39° 36'N, 102° 08'W 
(see table 1). 

* - Storms with larger 6- and 12-hr values used in depth-area development. 

Data. for durations less than 1 hr are not available from the storm studies 
prepared for "Storm Rainfall'' (U. s. Army Corps of Engineers 1945- ). For these 
durations mximum annual values were used. These values were determined from 
excessive precipitation tables of "Climtological lhta" (Nttional Weather Service 
1914- ). 

Since rna xi mum 1-hr data are relatively sea rce, it has been necessary to resort 
to indirect methods to develop the 1-hr IMP. The priliBry tool ;.as the 

~:;:l~~:~n~0 o!ev:~~~h;~~l\o~/~~o:a::~ ~~~~~-a.o:ea 1~:0:r~:~:~~~!o;;om ::: 
values were used to develop naps for other area sizes. 

6.3.1 Depth-duration ratios 

The first step in this procedure is to develop depth-duration ratios for dura
tions from 5 min to 12 hr along meridians at 2° intervals starting at 69°W. 
Depth-duration curves were pr~red for each 2° of latitude from 29°N. For 6-
and 12-hr durations, the 10-mi values from HHR No. 51 were used. Values for the 
2- and 3-hr durations were obtained for the 100-yr recurrence interval from 
Weather Bureau Technical Paper No. 40 (Hershfield 1961). For the shorter 
durations, 5, 10, 15, 30 and 60 min, the 100-yr amounts were determined from NOAA 
Technical Memorandum NWS 35 (Frederick et al. 1977). Along the 105th meridian, 
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however, all rainfall-freQuency values were determined from NOAA Atlas 2 (Miller 
et al. 1973). 

All values were expressed as a percent of the 6-hr 10-mi2 amount, and a smooth 
set of curves was developed for each meridian. These curves (not shown) indicate 
that the ratio between amounts for durations less than 6 hr and the 6-hr amount 
decreased from north to south. This variation was consistent along all 
meridians. The same trend can be seen by examining 6- to 24-hr ratios in PMP 
values of HMR No. 51. Although considerable scatter is present when 1- to 6-, 2-
to 6-, or 3- to 6-hr ratios in major storms are examined, a trend toward 
increasing ratios with latitude can also be detected. After constructing a 
smooth family of curves along the meridian, the 1-hr pt. to 6-hr 10-mi2 ratios 
were plotted and regionally smoothed (fig. 23). This smoothing step required 
changes of less than 2 percent from the values determined from the sets of 
curves. 

6.3 .2 1-hr l-mi2 PMP 

The ratio map of figure 23 was used to compute 1-hr l-rni2 PMP values over a 2° 
grid from the 6-hr 10-mi2 PMP amounts shown in HMR No. 51. These values were 
plotted and isohyets drawn as shown in figure 24. The 1-hr data used to develop 
the 1- to 6-hr ratios -were based upon single station observations, and the 
resulting maps can be considered "point" values. We have develope~ a convention 
for this report that they should be considered applicable to 1 mi • We do not 
recom;oond any increase in these values for smaller areas. 

Though the paucity of data prevents development of the 1-hr l-mi2 PMP by 
tradi tiona! methods, an important step in evaluating the reasonableness of the 
PMP values developed is to compare the limited data available with the derived 
map. Table 21 shows the important 1-hr values used in this comparison. In most 
cases, 1-hr values are not obtainable directly from the observations of the most 
extreme rainfall in the storm and rrust be estimated by indirect methods. The 
technique used for each storm is indicated in the remarks column. 

These maximum observed amounts together with the moisture maximized values are 
shown in figure 25. There are only a few storms that provide controlling or near 
controlling values: a) Smethport, Pennsylvania; b) Glen Ullin, North Dakota; 
c) Buffalo Gap, Saskatchewan; and d) Simpson P.O., Kentucky. The moisture 
maximized amount for Buffalo Gap of 16.3 in. exceeds the value interpolated from 
figure 24 of 14.4 in. for the northern Great Plains, the region within which it 
could be transposed. However, the moisture maximization factor for this storm is 
155 percent. Since this moisture maximized value is not supported by the values 
for other storms in the region, we have adopted the convention of limiting the 
adjustment factor to 150 percent. 

The Buffalo Gap observation is based upon a D.A.D. analysis of the results of a 
bucket survey. Figure 24 "undercuts" the moisture maximized transposed value by 
about 1 in. and is about 4 in. larger than the observed precipitation value. 
Considering all the uncertainties involved, we feel this is a reasonable estimate 
of the 1-mi2 1-hr PMP for this region, and that it is comparable to practices 
followed in HMR No. 51. (See section 4.1 of that report.) 

In figure 25, the moisture adjustment factor used for the Cherry Ck. storm is 
122 percent. (This percent was also used for the Hale center of the same storm 

listed in HMR No. SI.) 'Recently, the dew point for this storm was reevaluated 
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Figure 23.--1-hr pt. to 6-br 10-.12 ratio of precipitation based on major storms 
used in HHR No. 51 and rainfall frequency s~diea. 

and resulted in a revised moisture adjustment factor of 141 percent. Applying 
this new adjustment factor to the 1-hr value for the storm gives a maximized 
value of 15.5 in., which more closely supports the 16.7 in. value interpolated 
from figure 24. 

The moisture adjusted values sho:Y little support for the values shown in the 
southern portion of the 1-hr 1-mi EMP mp. The next step in the traditional 
method for developing IMP values would be transposition of the mximized amounts 
within regions of meteorological homogeneity for each extreme storm of record. 
Figure 26 shows the transposition limits for the Smethport, Pennsylvania storm of 
July 17-18, 1942, the moisture mximized value at the storm location, and the 
moisture maximized transposed value for the southwestern extreme of the 
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Figure 24.-1-br 1-wl. 2 lMP analysis based on figure 23 and 6-br lo-.1 2 

precipitation froa ll!lR So. 51. 

transposition limits. Comparison of this 18.3-in. value with tr.e 1-hr l-mi 2 FMP 
from figure 24 shows a difference of 0.6 in. We consider this a rea sana ble 
envelopment of a moisture IIBximized transposed amount. 

6.3.3 Depth-area mtioa 

Prefaration of 1-hr PMP values over the range of area sizes of interest 
required development of depth-area reduction ratios. A prillBry OO.sis for such 
reduction ratios is the list in ta£le 19 of 12 extreme storms (those noted by 
asterisks) for which point or 1-mi data are available at 1 hr. A problem with 
the data from these 12 storms is the limited ar~ of most storms. Nearly 60 
percent have an areal extent of less than 240 mi , while one fourth of them 
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1able 21.--Extreme 1-hr amounts used as support for 1-hr 1-.d2 PMP map 

Location of 

Nearest station 
Elbert, CO 

{Cherry Ck.)# 

Woodvn rd Ranch, TX 

Simpson P.O., KY 

oo Smethport, PA 
~ 

Holt, MO 

Cove Creek, NC 

storm center 
!at. 

n (') 
39 13 

29 20 

38 13 

41 50 

39 27 

35 36 

Long. 
(") (') 
104 32 

.. 

99 18 

83 22 

78 25 

94 20 

83 01 

lli te 

5/30 31/35 

5/31/35 

7/4-5/39 

7/17-18/42 

6/18-23/47 

6/30/56 

Storm 
assignment 

number+ 
MR 3 28A 

Qi 5-2() 

OR 2-15 

OR 9-23 

MR 8-20 

l-mi 2 amt. Renn rks 
6-hr 1-hr 
24.0 11.0 Estimated from rm ss 

curves prepared for 
storm study. Same 
value determined for 
several stations. 

21.0 

20.0* 

30.7 

12.0 

9.3 Pertinent data sheet 
for storm study pub
lished in "Storm Rain
fall" (U.s. Army Corps 
of Engineers 1945- ). 

13.4* From reconstructed 
depth-duration curve. 

15.0 From m ss curve for 
station with rmximum 
observed storm amount. 
Mass curve constructed 
using recorders a bout 4 
mi a~y. Original 
bucket survey data used 
to aid in analysis. 

12.0 Published bucket 
survey data indi
cates amount at rrax
imum station in pri
mary burst occurred 
in 42 min. 

10.12 See Sch~rz and He1fert 
(1969). l-Te adopted 
11.0 as an appropri
ate value to use in 
these comparisons. 



1hble 21.--Extreme 1-hr amounts used as support for 1-hr 1-m12 FKP map - Continued 

Loca ti.on 

Nearest station 
Buffalo Gap, 
Sa ska tcheWI n, O.n. 

Glen Ullin, ND 

Enid, OK 

* 10-mi 2 amount 
+See table 19 

of storm center 
Lat. 

(0) (') 
49 07 

47 21 

36 25 

Storm 
Long. Ihte assignment 1-mi 2 amt. 

( 0) (' ) number+ 6-hr 1-hr 
105 18 5730761 SASK- 5-6lt 10.5 

101 19 6/24/66 -- 12.16 7.89 

97 52 10/10-11/73 -- 16.9 6.7 

Relll.i rks 

From depth-area-dura-
tton curves published 
in Canadian Storm 
Rainfall t. 

From pertinent data 
preJn red by USBR. 

From na ss curve 
developed for station 
with naximum storm 
tota 1. Mass curve 
modeled on data from 
NWS station at Enid, 
OK. Enid station 
m.s approxinately 6 
mi from naximum 
observed amount. 

t Assignment number from "Canadian Storm Rainfall" (Canadian Dept. of Transport; ongoing publication) 
# Se~ note for table 20 
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Figure 25.---Ma.xf.Jd.zed observed 1-hr point amounts and moisture mrlud.zed ftlues 
from • jor storms 11 sted in table 21. 
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Figure 26~-Jba•ple of trattsposition llal.ts as applied to the Smethport, PA stona 
(7/17-18/42). 

enclose an at·ea less than 100 llli 2 , It t.a s decided to develop an average depth
area curve for the 1-hr duration from these 12 stonns and similar curves for the 
6- and 12-hr durations from these stozms and 9 additional stonns from the 54 
storms for which oax:tmum point or 1-mi amotmts were available (table 20). The 
curves for the 6- and 12-hr durations were used as an aid in sl-aping the 1-hr 
curve for the larger area

2 
sizes. Figure 27 shows the data for these 12 stor-ms 

for the areas of 600 mi and less and the curve of best fit for the data. 
Similar curves (not shown) were drawn for the 6- and 12-hr durations. 

The depth-area relations implicit in the set of IMP values derived from the 
rraps of HMR No. 51 represent enveloping values from. a combination of storms. We 
therefore adjusted our family of curves to be compa~ible with an average depth-

83 



IOOr---r---~--;---;----,---,---,---,---,---,----r---r---~--, 

• 

20
0 I 00 200 300 400 500• 600 700 

AREA (mi 2) 

Figure 27 .-Depth-area data plotted !s percent. of liB xi mUll 1-hr 1-1111
2 

amount for 
storms wb.ere the IIB.xl.m~.a 1-hr 1-111 amount lll s determined fra- a dense network 
of obse~ tions or bucket survey amounts. 
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area reduction curve developed using PMP values from HMR No. 51. Although some 
regional variation r..es seen in curves developed at a number of widely spaced 
geographic locations, it T.<BS decided that one curve would be adequate for the 1-
hr duration. We think this is realistic, since the regional variation was just 
slightly less at 6 hr tlnn at 12 hr~ and it is meteorologically reasonable to 
expect the potential for shorter dura tiona to be less variable throughout the 
region th3.n it is for the longer durations. The rationale here is that a longer 
duration storm ()24 hr) requires a sustained moisture inflow that is most likely 
to occur nearest the coast and decreases inland. This contrasts with the 
moisture requirements for a short-duration local storm which is likely to occu~ 

~;:s~sa~~W:r~~ f~:r:d~~~ed ~~r c~:~:h~o:~rs ~~::e~i::s ::r~=~~e :: ~~:aa6-~ 2 
and w:~.s determined primrily to provide areal 1-hr values tha. t enveloped 

~~~~ ~1) ~ ~£re ~i:c;es:0sr~l~! bit~ttya:i~ b::cr! :ain: r:r::
0

:izsem:
11 N::ee;th:~~:~: 

1-hr 20,000-mi data are available for the Bonap3.rte, lo<;e storm (6/9-10/1905), 
which provided a large-area check of the adopted depth-area relation. 

6~3e4 1-hr RiP for areas to 20,000 llli 2 

The depth-area curve developed in the .preceding section (fig. 2~) <;es used to 
compute R1P for 10, 100, 200, 1,000, 5,000, 10,000 and 20,000 mi (figs. 29 to 
35, respectively). 

Thi four storms (see section 6.3.4) which provide significant support for the 
1-mi 1-hr PMP also provide evidence of the reasonableness of the R1P values for 
these larger areas. In addition, the moisture mximized value for Cherry Ck., 
Colorado is within 15 percent of the PM.P at the storm location. The moisture 
rraximized value for the Simpson, P.O., Kentucky szorm exceeds 

2
the estirrated EMP 

at the storm location by 0.4 in. for 10 and 100 mi • At 200 mi , the R1P and the 
moisture adjusted value for Simpson are about equal. Since the 1-hr amount v.as 
determined from a reconstructed depth-duration curve, it w:ts decided not to 
revise the PMP estimte based on this difference. 

6.4 IMP for Durations Less 'nlan 1-hr 

As mentioned in section 6.2, there are no storm studies that have dat:a for 
durations less than 1 hr. The very-short duration data most nearly 
representative of extreme storm situations can be found in the excessive 
precipitation tablulations published in "Climtological I:lat:a" (NJ.tional Weather 
Service, 1914- ). A series of the mximum annual values vas determined for each 
duration of interest for every station in the east where such data are 
available. These data were e:w.mined to see if there was any trend for higher or 
lower ratios with the mgnitude or recurrence intervals. The data indicate that 
the ratios have a slight tendency to decrease with increasing rragnitude. There 
is also a slight geographic variation with the ratios with decreasing latitude. 
These trends have been incorporated into the appropriate ratio mps. Only one 
set of ratio 1IBpS (relative to 1 hr) have been provided, figures 36, 37, and 38 
for the 5-, 15-, and 30-min durations, respectively. 

Since there are no data from which to develop areal corrections, we apply the 
same ratio for all areas. It is for this reason that we feel vatues for these 
shorter durations should be be limited only to area sizes of 200 mi or less. 
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6e5 Isohyet Va1ues for Durations Less 'Than 1-hr 

As in cblpter 5, where a procedure ~s given to compute isohyet values for each 
6-hr isohyeta1 p3.ttern of the 72-hr IMP, it is also important to provide a 
procedure to distribute the precipitation for durations within the greatest 6-hr 
increment. Such informtion las not been included in any previous study. Also, 
since little depth-duration data were available for the durations less than 6 hr 
in the mjor storms, it ~s not possible to pursue an approach similar to that 
used in dspter 5. Furthermore, one finds that by plotting the isohyet values 
for each 6-hr period, it is possible to fit the short durations (<6 hr) by any 
number of smooth curves. Especially for large values of 6-hr PMP the depth
duration relation for dura tiona less than 6 hr has the greatest curvature and 
therefore the greatest flexibility in curve fitting, depending upon the 
individual analyst. As a consequence, a procedure ~s adopted th!.t allowed 
answers to be obtained with an accuracy of ± 10 percent. This tolerance 'iBS 

judged acceptable considering the approximations involved in the procedure. 

Sections 6, 5. 1 and 6. 5. 2 describe the procedure to obtain i soh yet values for 
isohyets in the PMP portion of the p3.ttern as applied to short durations within 
the greatest 6-hr increment. Residual isohyet values are discussed in section 
6.5.3. The discussion and example in chapter 7 are meant to further clarify the 
application of this procedure. 

6.5.1 Description of procedure 

Only a brief description of the procedure his been provided here. Following 
the procedure in chapter 5, it is possible to determine the isohyet values for 
the greatest 6-hr increment relative to a specific drainage application. It ..as 
noted in some sample applications that the 6/12-hr ratios obtained for each 
isohyet decreased with increasing isohyets (area). This result implies that the 
1/6-hr or 15-min/6-hr ratios will also vary between isohyets. The adopted 
procedure recognizes this variation and was developed as follows. Depth-duration 
curves were drawn for each isohyet from data for the 4 greatest 6-hr increments 
of EMP. Values for 1 hr were interpolated from these curves and 1/6-hr ratios 
determined. These ratios were plotted against area size (area enclosed by 
respective isohyets) and a smooth curve drawn through the points. A comparison 
r,;as then made by computing the area-averaged precipitation obtained from 
distributing the precipitation according to the smooth curve and determining the 
area-averaged depth taken directly from the D.A.D data bl.sed on figures 24, and 
29 to 35. The smooth curve was then adjusted to correct for any discrepancies. 

Determining the ratio curves at a n1..Dllber of locations throughout the region and 
for a number of -p1ttern area sizes showed a regional and areal variation in the 
results. To account for the re~ional variation, it was decided to prep3.re an 
index m.p for the 1-hr 20,000-mi ratios of the 6-hr labels for the A isohyet. 
This particular choice was bl.sed on a ntnnber of trials and this area size was 
selected because it had the greatest regional variation. Figure 39 shows the 
1/6-hr ratio index liBP• In this liBP the ratios increase from the southeast to 
the northwest through most of the region. 

To show the areal variation, a regionally averaged nomogram was developed, as 
shown in figure 40. The abscissa is based on a scale of percent of the 
corresponding 6-hr isohyet value. It was necessary to ami t every other isohyet 
(B, D, F, H) from these nomograms for clarity, but simple interpolation will 
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provide values 
inform tion for 

for the missing isohyets. 
the residual isohyets. 

The nomogram 

6.5.2 Application of nom.ograa for short duration isobyets 

does not include 

The use of the relations in figure 40 is simple. One locates the center of the 
drainage being considered (for which 6-hr isohyet values have been deter-mined as 
directed in chlpter 5) on figure 39 and interpolat~ the 1/6-hr ratio. This 
ratio then represents the label of the 1-hr 20,000-mi A isohyet on the nomogram 
in figure 40. The user must then aake a copy of the scale provided with the 
nomogram and place t:he scale on t:he nomogram to correspond to the value 
determined from the index map. Having adjusted the scale, all isohyet values 
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nay be read directly from the nomogram as percents of the corresponding 6-hr 
isohyet values. 

Once all isohyet values have been read, the ratios are multiplied by the 
greatest 6-hr isohyet values to get the 1-hr isohyet values. Because of the 
areal limitations discussed in section 6.4, we suggest that isohyet values for 
an2 durations less than 1 hr also be limited to saall pattern areas (< 200 
mi ). For such cases, short duration isohyet values can be interpolated from 
smooth curves connecting the 1-, 6-, 12-, 18- an~ 24-hr values to zero. 
Following this procedure for areas larger than 200 mi will result in pattern
averaged depths that are less than that of PKP determined from figures 36-33. 

6.5.3 Isobyet ~lues for short duration residual isobyets 

Attempts were aade to obtain values for isohyets describing residual 
precipitation along similar lines as discussed above. However, the results were 
confusing and the procedure abandoned. It WlS decided that the alternative WiS 

to allow interpolation from smoothed depth-duration curves drawn through isohyet 
values for the 6-, 12-, 18- and 24-hr durations connected to zero. These curves 
are relatively more flat th:ln those for isohyets in the EMP portion of the 
pattern, especially those enclosing the srraller areas. Flatter curves allow the 
least flexibility in fitting the curve for durations less than 6 hr, and 
therefore the error involved in this decision is minimized. 

7. PROCEDURE AND EXAMPLE APPLICATION 

Chipters 2 through 6 describe the development of guidance for distributing 
storm-area averaged PMP from HMR No. 51 over a specific drainage. Since much of 
thi·s material and the considerations involved in its application are unique to 
this study and represent a relatively complex computational process, it is 
believed useful to sUlllliBrize the results of the study in the form of a stepwise 
procedure. To further emphasize the meaning of each of the steps, two examples 
are fully detailed as additional insight into the methods recommended. 

Because of the complexity involved in the use of these procedures and the 
acknowledged length of time required ··to complete one application, it is 
recommended that the procedure be autonated by those users having access to such 
ca pa bill ty. 

7.1 Stepwise Procedure 

The following stepwise procedure is recommended for distributing storm-area 
averaged "EMP over a drainage. In addition, some guidance considerations are 
provided to aid the user when a subjective decision is required. 

A.. 6-Hr Incremental IMP (refer to liH.R No. 51) 

L Obtain depth-area-duration (D.A.D) data from figures 18 
through 47 in HMR No. 51 for the location of the drainage. 
Loc.a tion is custorra rily judged at or near the center of the 
drainage. For particularly large drainages in which 
isohyetal pattern placements my be mde at considerable 

100 



distance from the drainage center, the location of the 
pattern center should be used to obtain the appropriate 
D.A.D data, 

2. Plot the data in step A1 on semi-logarithmic paper (area on 
the log scale) and join points of common duration with 
curves. When drawing a smooth set of curves, we recommend 
that the curves be adjusted to assure that they are either 
parallel or show slight convergence with increasing area 
si~e; i.e., the largest incremental differences occur at 10 
mi , and

2 
the suallest incremental differences occur at 

20,000 mi in HMR No. 51. 

3. From the curves in step Al, read off D.A.D values for a set 
of standard isohyet area sizes* both larger and sualler than 
the area size of the specific drainage. Where possible, it 
is recotiunended that at least 4 Iattern area sizes larger and 
smller be used to adequately enclose the area size 
corresponding to mximum precipitation volume (see step 
Cll). 

4. For each of the Iattern area sizes selected in step A3, plot 
the depth-duration data (at least to 48 hr) on linear PiPer 
and fit a smooth curve to enable interpolation of values for 
the 18-hr duration. 

5. Obtain incremental differences for each of the first three 
6-hr periods (0 to 6, 6 to 12, and 12 to 18 hr) through 
successive subtraction for each area size considered in step 
A4. Because of possible inaccuracies in reading the mp 
analyses, platting, and drawing for the data in the 
preceding steps, the 6-hr incremental values should also be 
plotted {on semi-lag paper) and smoothed to insure a 
consistent data set. Incremental data should decrease or 
remain constant with increases in both duration and pattern 
area size. In drawing these final smoothing curves choose a 
scale for the abscissa (incremental depths) that allows 
values from curves to be read off to the nearest hundredth. 

B. Isobyetal Pattern 

l. A tracing of the drainage should be placed over the 
isohyetal Iattern in figure 5, drawn at comiarable mp 
scales. Placement of the Iattern (or adjustment of the 
drainage axis) is a subjective consideration. Placement is 
generally regarded as that which inputs the maximum 

*The standard isohyet area sizes are those of: 
700, 1,000, 1~500, 2,150, 3,000, 4,500, 6,500, 
and 60,000 m.i • 
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precipitation to the drainage. In most cases this 
consideration is met by drainage-centering the isohyetal 
pattern, th:Lt is, the isohyetal and drainage patterns have 
approximately the same center and axial orientation (see 
section 4.4.4 for exception). Judgment is guided by trying 
to place the greatest number of whole isohyets completely 
within the drainage, since the isohyets that enclose smaller 
area sizes contain proportionately higher rain amounts. 
This guidance is subject to consideration of the relative 
orientations preferred for IMP-type p:~.tterns discussed in 
the following steps. 

2. Determine the orientation (to nearest whole degree) of the 
p:Lttern when placed on the drainage, in terms of degrees 
from north. If this orientation does not fall between 135° 
and 315°, add 180° so that it does. 

3. Determine the orientation preferred for PMP conditions from 
figure 8 at the location of the pattern center. If the 
difference between orientations from step B3 and B2 is less 
than 40 degrees, then for the isohyetal pattern as placed 
over the drainage there is no reduction factor to 
consider. If the orientation differences exceed 40 degrees, 
then a decision must be mde whether the pattern is to be 
placed at some angle to the drainage at which no reduction 
to isohyet values is required, or aligned with the drainage 
and a reduction nade to the isohyet values. A truly ob
jective decision on the orientation of the pg. ttern yielding 
maximum volume would require numerous applications. As 
guidance, the area size of the drainage, the shape of the 
drainage, and the differences in orientations (preferred IMP 
and pg.ttern placed on the drainage) hlve the greatest 
bearing on the volume of precipitation determined. Only the 
experience gained from numerous trials will enable the user 
to reduce the effort involved in making these decisions. An 
illustration of the effects of alternatiVe placements is 
demonstrated in the examples. 

4. Skip this step if no adjustment for orientation is needed. 
Having settled on a placement of the isohyetal pattern, de
termine the appropriate adjustment factors due to orienta
tion for the isohyets involved from the model shown in 
figure 10 (read to tenths of percent). Note that the amount 
of reduction is dep:fndent upon area size (only pattern areas 
larger than 300 mi need to be reduced) and the difference 
between orientations. Multiply the adjustment factor times 
the corresponding 6-hr incremental amounts from step AS for 
each pattern area size to obtain incremental values reduced 
as a result of pattern orientation. 

Ca Maximum. Precipitation Volume 

Determine the mximum volume of precipitation for the three 
largest 6-hr incremental periods resulting from placement of the 
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pattern over the drainage. To do this, it is necessary to 
obtain the value to be assigned to each isohyet in the pattern 
that occurs over the drainage during each period. Guidance for 
this determination is given in the following steps related to 
the foriiB t presented in figure 41. It is suggested tln t an 
ample number of copies of this figure be reproduced to serve in 
the computation procedure. 

Start by determining the maximum volume for the 1st 6-hr 
incremental period. 

1. Fill in the name of the drainage, drainage a rea, date of 
computation, and increment (either 1st, 2nd or 3rd) in the 
appropriate boxes at top of form (fig. 41). 

2. Put the area size (mi 2 ) from step A3 for which the first 
computation is mde under the heading at the upper left of 
form. 

3. Column I contains a list of isohyet labels. 
many isohyets as needed to cover the drainage. 

Use only as 

4. For the area size in step C2, list in column II the 
corresponding percentages read from table 15 or the nomogram 
in figure 16 (first 6-hr period) for those isohyets needed 
to cover the drainage; use table 16 or figure 18 and table 
17 or figure 19 for the 2nd and 3rd 6-hr periods, 
respectively, when determining step ClO. 

5. Under the heading amount (Amt.) in column III place the 
value from step B4 corresponding to area size and increment 
of computation. Multiply each of the percentages in column 
II by the Amt. at the head of column III to fill column III. 

6. Column IV represents the average depth between adjacent 
isohyets. The average depth of the "A" isohyet is taken to 
be the value from column III. The average depth between all 
other isohyets which are totally enclosed by the drainage is 
the arithmetic average of paired values in column III. For 
incomplete isohyets covering the drainage, it is necessary 
to mke a weighted estimate of the average depth if a 
portion of the drainage extends beyond a particular 
isohyet. The average depth for the extended portion of the 
drainage may be taken as 0.5 to 1.0 times the difference 
between the enclosing isohyets plus the lower isohyet. The 
weighting relation is given by: 

F(X-Y)+Y 

where X and Y are adjacent isohyet values, X > Y, and the 
weight factor, F, n:ay be between 0.5 and 1.0:- If only a 
small portion of the drainage extends beyond X, then the 
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Pigure 41.-~.ple of c.a.putatioa abeet •lu;Ning typical for.t. 

Increment: 

ora i D.a g e : Area: !13. te: 

I II !II IV v VI I II Ill IV v VI 
ArM "''. Avg. ArM ''". Avg. 
siz:e Iso. NOtiiO• depth •• 4V size ho. Notii.Oo depth •• ., 

A A 

• B 
c c 
D D 

' E 

' ' G G 
H R 
I I 
J J 
K K 
L L 
H H 

' N 
0 0 
p p 

S= • S= • 

,,~ Amt. Are "''. size si z:e 
A A 
B B 
c c 
0 D 

' ' ' p 

G G 
H H 

I I 
J J 
K K 
L L 
H " ' '" .. •. 
0 0 
p p 

Sulll "' Sum 

ArM "''. A<M "''. size size 
A ' B B 
c c 
0 0 

' ' G G 
H H 
I I 
J J 
K K 

L L 

' M 
N N 

0 0 
p ' 

Sulll '" Sum " 
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weight factor my be ·taken 
drainage extends nearly to Y, 
0.5 is appropriate. 

closer to 1.0, and if the 
then a weight factor close to 

7. Column V lists the incremental areas between adjacent 
isohyets. For the isohyets enclosed by the drainage, the 
incremental area can be obtained from table 8. For all 
other isohyets it will be necessary to planimeter the area 
of the drainage enclosed by each isohyet and mke the 
appropriate successive subtractions. The sum of a 11 the 
incremental areas in column V should equal the area of the 
drainage. If the computation in step 5 results in the zero 
isohyet 1 s crossing the drainage, the appropriate total area 
is that contained within the zero isohyet, and not the total 
drainage area. 

8. Column VI gives the incremental volume obtained by 
multiplying values in column IV times those in column V. 
The incremental volumes are summed to obtain the total 
volume of precipitation in the drainage for the specified 
pattern area size in the 6-hr period. 

9. Steps C2 to CS are repeated for all the other pattern a rea 
sizes selected in step A3. 

10. The largest of the volumes obtained in steps C8 and C9 
represents the preliminary nnximum volume for the 1st 6-hr 
incremental period and specifies the pg.ttern area to which 
such volume relates. The area of mximum volume can be used 
as guidance in choosing pattern a rea s to compute volumes for 
the 2nd and 3rd 6-hr incremental period. Presuna.bly, this 
guidance narrows in on the range of f'Elttern area sizes 
considered and possibly reduces in some degree the number of 
computations. Compute the 2nd and 3rd 6-hr incremental 
volumes by repeating steps Cl to C9, using the appropriate 
tables or nomograms. 

11. Sum the volumes from steps C8 to ClO at corresponding a rea 
sizes and plot the results in terms of volume vs. area size 
(semi-log plot). Connect the points to determine the area 
size for the precipitation pg.ttern that gives the mximum 
18-hr volume in the drainage. 

12. It is recommended, although not ah.ays necessary, that the 
user repeat steps C2 through Cll for one or two supplemental 
area sizes (area sizes other ttan those of the standard 
isohyetal pattern) on either side of the area size of 
maximum volume in step Cll. This provides a check on the 
possi hili ty that the mximum volume occurs between two of 
the standard isohyet area sizes. To mke this check, an 
isohyet needs to be drawn for each supplemental area size in 
the standard isohyetal pattern and positioned on the 
drainage so that the corresponding incremental areas between 
isohyets can be determined (planimetered). In addition, 
supplemental cusp points need to be determined in figures 
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16, 18 and 19 for each of the area sizes conSidered. To 
find the appropriate cusp position, enter the ordinate at 
the supplemental area size, and move horizontally to 
intersect a line between the two most adj3.cent cusps. This 
intermediate point will be the percentage for the 
supplemental isohyet when reading the other isohyet 
percentages in step C4; otherwise follow the computational 
procedure outlined. 

13. The largest 18-hr volume obtained from either step Cll or 
Cl2 then determines the final pattern area size of uaximum 
volume for the pattern placement chosen in step Bl. 

D. Distribution of Storm-Area Averaged IHP over the Drainage 

1. For the pattern area size for EMP determined in step Cl3, 
use the data in step A3 to extend the appropriate depth
duration curve in step A4 to 72-hr, and read off values from 
the smoothed curve for each 6 hr (6 to 72 hr). 

2. Obtain 6-hr incremental amounts for data in step Dl for the 
4th through 12th 6-hr periods in accordance w.i.th step AS, 
and follow procedural steps Bl to B4 to adjust these 
incremental values for isohyetal orientation, if needed. 

3. Steps Dl and D2 give incremental average depths for each of 
the 12 6-hr periods in the 72-hr storm. To obtain the 
values for the isohyets that cover the drainage, multiply 
the lst 6-hr incremental depth by the 1st 6-hr percentages 
obtained from table 15 or the nomogram (fig. 16) for the 
area size determined in step C13. Then multiply the 2nd 6-
hr incremental depth by the 2nd 6-hr percentages from table 
16 or the nomogram {fig. 18) for the same area size, and 
similarly for the 3rd 6-hr increment (table 17 or fig. 
19). Finally, multiply each rerraining 6-hr incremental .. 
depth by the 4th through 12th percentages in table 18 or the 
nomogram (fig. 20). As a result of this step, a rratrix of 
the following form can be completed (to the extent of 
whichever isohyets cover the drainage). 

6-hr peri ads 
Isohyet 

1 2 3 4 5 6 7 8 9 10 11 (in.) 
A 

B 

c 
etc. 

4. To obtain 
compute the 

incremental 
incremental 

Isohyet Values (in.) 

average depths for the drainage, 
volumes for the area size of the FMP 
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IBttern determined in step ClO. Divide each 
volume by the drainage area (that portion 
precipitation), 

incremental 
covered by 

S. Should it be of interest to determine the isohyetal values 
for duia tions less than 6 hr w1. thin the greatest 6-hr 
increment, the procedure discussed in section 6.3 gives the 
following steps. 

a. Interpolate the 1/6-hr ratio at the drainage location 
from figure 39. 

b. Adjust an overlay of the scale given in figure 40 ~long 
the abscissa of the figure such that the 20,000-m:i. "A" 
isohyet equals the ratio read in step DSa.. 

c. At the area size for the PMP pa. ttern found in step 
read from the nomogram (fig. 40) pe~centages of the 
isohyet values. These isohyets cover only the 
portion of the pattern. 

ClO, 
6-hr 

l'MP 

d. Multiply the ratio in step DSc by the corresponding 6-hr 
isohyet values in step 03 to obtain 1-hr isohyet values. 

e. Plot 
18-, 
D3. 
each 

the values from step DSd along with the 6-, 12-, 
and 24-hr isohyet values for each isohyet from step 
Draw a smooth curve of best fit through points for
isohyet to include the origin. 

f. Read off isohyet values for any other intermediate 
duration of interest. Note that the values interpolated 
from these smooth curves, 5-, 15-, and 30-min durations, 
will result in somewhat lower drainage-averaged EMP 
estim tes than obtained from figures 36-38. 

g. To obtain isohyet values for any isohyet of residual 
precipitation in the PMP pattern, plot the 6-, 12-, 18-
and 24-hr isohyet values from step D3 and fit a smooth 
curve through the points to include the origin. Read 
off isohyet values for any intermediate duration. (Note 
in step DSf is also valid for 1-hr values in this step.) 

E. Tempm:al Distribution 

In the mtrix in step D3, storm-area ave-raged IMP his been 
distributed according to increasing 6-hr period. The discussion 
in chapter 2 provides guidance on distributing these incremental 
periods with time. A number of distributions are possible, with 
the choice being left to the user, depending on which is most 
appropriate for the drainage under study. Whatever distribution 
is selected must be applied to all isohyets. An example of one 
possible distribution is reordering the 6-hr incremental periods 
in step D3 as follows: 
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6-hr periods 

1 2 3 4 5 6 7 8 9 10 11 

11 10 8 5 1 2 3 4 6 7 9 

Fe Subdminages 

Should it be necessary to determine the areal distribution of 
IMP across subdrainages of a particular drainage, consider the 
following steps: 

1. With the p3.ttern placed across the entire drainage as given 
in step B1, and incremental isohyet values as determined in 
step D3 and/or DS, planimeter the incremental a rea s 
contained between isohyets within each subdrainage. 

2. Follow the computational procedure outlined in steps CS to 
ca to obtain the incremental subdrainage volumes for 6-hr 
periods 1 through 12. 

3. The subdrainage volumes divided by the subdrainage areas 
yield the average depths across the subdrainage for each 6-
hr increment. 

Note: If the subdrainage is crossed by the zero isohyet, 
the appropriate area for consideration is the subdrainage 
a rea inside the zero isohyet, not that of the total 
subdrainage. 

4. If it is hydrologically critical to rearrange the temporal 
sequence of the incremental amounts determined in step F3 
for a particular subdrainage, then it is necessary that the 
same arrangement be applied to all other subdrainages. This 
requirement is important and must be observed without 
exception. Demonstration of a subdrainage application is 
given in example 2a. 

7.2 Emmple No. la 

12 

12 

The first example demonstrates the computational procedure, and shows the 
affect on naximum volume determination that results from consideration of 
orientation of the isohyetal pattern. 

The drainage used in this example is that of the Leon River in Texas above 
Belton Reservoir (approxiJIBtely 3,660 mi 2 ) shown in figure 42, drawn to a scale 
of 1:1,000,000. Drainage center is about 31°45'N, 98°l5 1W. 

The following steps correspond to those outlined in section 7.1 leading to 
determination of the area size of the isohyetal pattern that gives naximum 
volume, from which we then assign isohyet values. 
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Al. For the Leon River drainage above Belton Reservoir (31°45"N, 
98°15'W) we obtain storm~rea averaged FMP data from HMR No. 
51, figures 18 through 47 as, 

Duration (hr) 

Area (mi 2) 6 12 24 48 72 
10 29.8 36.2 41.8 46.7 49.8 

200 22.3 27.4 33.0 37.5 41.4 
1000 16.2 21.2 26.8 31.0 34.5 
5000 9.3 13.1 18.1 22.6 25.9 

10000 7.2 10.4 14.9 18.8 21.0 
20000 5.2 8. 2 11.7 15.4 18.4 

A2. The depth~rea-duration data in step Al is plotted in figure 
43, and smooth curves drawn. The decision on how to smooth 
these curves to the data points is left to the user, 
although it is cautioned they are to be FQrallel or converge 
slightly with increasing area size. 

A3. From figure 43, we can read off values for the standard 
areas of isohyfts both larger and sneller than the drainage 
area (3,660 mi ). 

Duration (hr) 

Area (mi 2) 6 12 24 48 72 
1000 16.1 26.7 26.1 30.5 34.1 
1500 14.4 18.9 24.1 28.5 32.0 
2150 12.9 17.2 22.3 26.7 30.2 
3000 11.5 15.7 20.6 25.0 28.5 
4500 9.8 13.9 18.6 22.8 26.4 
6500 8. 5 12.4 16.7 21.0 24.3 

10000 7.1 10.6 14.8 18.8 22.0 
15000 5.9 9.3 13.0 16.8 20.0 

A4. The data in step A3 are plotted on linear FQ per and smooth 
depth-duration curves drawn as shown in figure 44. From 
these curves we interpolate 18-hr values: 

1000 
1500 
2150 
3000 
4500 
6500 

10000 
15000 

110 

18-hr 
Duration 

23.7 
21.8 
20.0 
18.5 
16.5 
14.8 
13.0 
11.3 
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Figure 43~ -Depth-a rea -duration curves for 31.45'N, 98°15'W applicable 
Leoo River, TX drainage. 

A5. Incremental differences for the 1st three 6-hr periods ar-e 
obtained by successive subtraction of the values contained 
in steps A3 and A4. 

6-hr periods 

Area (mi 2) 1 2 3 
1000 16.1 4.6 3 .o 
1500 14.4 4.5 2.9 
2150 12.9 4. 3 2.8 
3000 11.5 4.2 2.8 
4500 9.8 4.1 2.6 
6500 8.5 3.9 2.4 

10000 7.1 3.5 2.4 
15000 5.9 3.4 2.0 

lll 

" 
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figure 44.-Deptb-duratioo. curves for selected area sizes at 3e45'N, 98.15'V. 

Plotting each set of 6-hr values against area and fitting 
the points by smooth lines as shown in figure 45 gives the 
following set of incremental data (read to htmdredths). 
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Figure 45.-Saoothing curves for 6-hr increaental w.lues at selected a rea sizes 
for Leon Rlver, TX dmiDage. 

6-hr periods 

Area (mi 2) 1 2 3 
1000 16.10 4.60 3.01 
1500 14.35 4.42 2.89 
2150 12.82 4.27 2.79 
3000 11.40 4.14 2.70 
4500 9.80 3.96 2.58 
6500 8.50 3.82 2.48 

10000 7.05 3.66 2.36 
15000 5.80 3.50 2.25 
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Note that within each column as a result of this smoothing, 
the values consistently decrease with increasing area size. 

Bl. The isohyetal pg.ttern is then drainage-centered over the 
Leon River drainage drawn to 1:1,000,000 scale as shown in 
figure 46. Our judgment of best fit enclosed the il" 
isohyet within the narrow outline of the drainage. The "N" 
isohyet encloses almost all the drainage. 

B2. The orientation of the pattern, when fit as in figure 46 is 
roughly 134°/314°. The 134° misses by 1 o our preferred 
range (135° to 315°) and we accordingly added 180° to get an 
orientation of 314 o. 

B3. For the location of the drainage center at 31 °45 1 N and 
98°15 1W, figure 8 gives the ru.p orientation of 208'". The 
angular difference is 314°-208°, or 106'". Since this 
difference, or its supplement, 74'", exceeds our range of 
±40'" for which no reduction to R1P is applied, we must 
adjust the storm-area averaged EMP for orientation of the 
pattern when aligned with the drainage. 

B4. Figure 10 gives the following reductions 
isohyet areas considered in step A3 and 
difference from PMP given in step B3. 

for the various 
the orientation 

Patter~ 
area (mi ) 

1000 
1500 
2150 
3000 
4500 
6500 

10000 
15000 

Adjustment 
factor (%) 

96.1 
93.3 
89.7 
85.0 
85.0 
85.0 
85.0 
85.0 

Multiply each of the final smoothed 6-hr incremental values 
in step AS by the adjustment factors of step B4 to get the 
adjusted incrementa 1 values, 

6-hr periods 
Patter~ 

area (mi ) 1 2 3 
1000 15.47 4.42 2.89 
1500 13.39 4.12 2.70 
2150 11.50 3.83 2.50 
3000 9.69 3.52 2.30 
4500 8.33 3.37 2.19 
6500 7.22 3.25 2.11 

10000 5.99 3.11 2.01 
15000 4.93 2.98 1.91 
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c. Determine the mximum. volume of precipitation for the IMP 
patterns corresponding to the 8 area sizes used in the previous 
steps. To do this, we recommend filling in the computation 
sheets as shown in table 22. Some preliminary considerations 
have been nnde regarding the fit of the isohyftal pattern 
over the drainage. First, the SIJB!l (-10-mi ) area of the 
drainage outside the N isohyet has been disregarded as 
insignificant to overall volume. Second, weight factors of 0. 6 
and 0.75 have been assigned (arbitrary judgment) to the average 
depth calculation for the L to M and M to N isohyetal areas, 
respectively (see step C6). 

Following the procedure outlined in section C, we find the 
grrtest volume for the 1st 6-hr increment occurs at 1,500 
mi • We should then check the volumes obtaine~ for the 2nd and 
3rd 6-hr increments before accepting 1,500 mi as our answer. 
For these additional increments it is not necessary to calculate 
volumes for all the areas considered in the 1st 6-hr increment, 
only those in t;]!e vicinity of the presumed area of mximum 
volume (1,500 mi ). Thus, we have limited our calculations to 
areas between 1,000 and 3,000 m1 2 (table 22). Addition of the 
incremental volumes at corresponding area sizes s~ows, however~ 

that the mximum volume h:ts shifted from 1,500 mi to 2,150 mi 
for these accumulated volumes. (The sum of th'1! 1st to 3rd 
volumes is shown by the solid line in fig. 47.) 

It is of interest to narrow in on this IJBximum as to area size, 
and we chose to e~uate two supplementary IMP pattern areas at 
1,900 and 2,400 m:i • Isohyets for these area sizes have been 
added to figure 46 as dotted lines. The results from table 23 

~~e:h:~z!i~~:g~:l/\ge::e t~~ ~~: ~0~~=~. ;;~~e2 :crc~rs~at~e:~ 
in the Leon River drainage. 

Because of the shift of area size between the 1st and the sum of 
the 1st three increments, it has been recommended that the three 
greatest increments be determined in the computation 
procedure. This significantly increases the number of 
computations required. 

Dl. 

Increm. 

~vittnerng enoeaner1ud
2

e,d
150

thamit 2 the rm.ximum volume occurs for a R-tP 
,.... when placed over the Leon River, we 
can now determine the values for each isohyet for all twelve 
6-hr increments Return to the smooth depth-duration curve 
for 2,150 mi 2 ~n step A4, and extend this curve to 72 hr 
before reading off the 6-hr values. 

Duration (hr) 

6 12 18 24 30 36 42 48 54 60 66 72 

pqp (in.) 12.9 17.2 20.0 22.3 23.8 25.0 26.0 26.8 27.7 28.5 29.2 29.9 
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Table 22.--co-.pleted computation sheets fo~ 1st, 2nd and 3rd 6-bx inere-ents for Leon Rl.ver, rx drainage 

Increment: t 

Drainage: Leon River TX Area: 3,660 m.i 2 l11.te: 

I II III IV v VI I II III IV v VI 
Arm '"''· Avg. Arm "''. Avg. 
si~e Iso. Nomo. 15.47 del!th •• .v size Iso. ;ifomo • 9.69 deEth 4A .v 

A 149 23.05 23.05 to 230.5 A 191 18.51 11L51 to 185 .1 
B 140 21.66 22.36 15 335.4 B 179 17.93 17.93 15 25f!,'l 

1000/l c t3t 20.27 20.97 25 524.2 3000/1 c 156 16.09 16.72 25 418.0 
0 122 18.87 19.57 50 978.5 0 154 14.92 15.51 50 775.5 
E 113 17.48 18.18 75 1363.5 E 142 13.76 14.34 75 1075.5 
F 104 16.09 16.79 125 2098.8 F 132 12.79 13.28 t2S 1660.0 
G 97 15.01 15.55 150 2332.5 G 122 11.82 12.31 150 1846.5 
H 89 13.77 14.39 250 3597.5 R il2 10.85 11.34 250 2835.0 
I B2 12.69 13.23 271 3585.3 I 102 9.88 10.37 271 2810.3 
J 60 9.28 10.9'9 393 4319.1 J 92 8. 'H 9.39 3~3 3690.3 
X 44 6.81 7.69 488 3752.7 X B3 8.04 8.48 488 4138.2 
L 32 4.95 5.88 582 3422.2 L 74 7.17 7.61 582 4429.0 

( .60 X )' M 21 3.25 4.27 737 3146.9 (.60 X ) M 44 4.26 6.01 737 4428.4 
(. 75 X ) N 12 1.85 3.09 489 1511.0 (. 75 X) N 25 2.42 3.80 489 1858.2 

•=. 3ll98.1 SUnt "' 30418.'1 

Ara "''· Arm Am<. 
size 13.39 size 8.33 

A 162 21.69 21.69 10 216.9 A 212 17.66 17.66 10 176.6 

• 152 20.35 21.02 lS 315.8 B 198 16.49 17.08 15 256.1 
1500/1 c 142 19.01 19.68 25 492.0 4500/l c 184 15.33 15.91 25 3'H,!\ 

0 132 17 .67 18.34 so 917 .o D 170 14.16 14.75 so 737. s 
' 122 16.33 17.00 75 1275.0 ' 157 13.08 13.62 75 1021.5 
F 112 14.99 15.66 t2S 1957.5 F 146 12.16 12.62 125 1577.5 
G lOS 14.06 14.52 150 2178.0 G 135 11.25 11.71 150 1756.5 
H 96 12.85 13.46 250 3365.0 H 124 10.33 10.79 250 2697.5 
I 88 n. 78 12.32 271 3338.7 I 113 9.41 0,87 271 2fi74.R 
J 80 10.71 11.24 393 4417.3 J 103 8.58 9.00 "' 3537.0 
K 56 7.50 9.10 488 4440.8 X " 7. 75 8.16 4<R 3982 .l 
L 41 5.49 6.50 582 3783.0 L B3 6.91 7.33 582 42M.l 

( .60 X ) M 26 3.48 4.69 737 3456.5 ( .60 X ) M 11 5.91 6. 51 737 4797.9 
(. 75 X ) N 16 2 .14 3.14 489 1535.5 (. 75 X ) N 37 3 .OR 5.20 489 2542.8 

Sum '" 31689.0 Sum " 30421.7 

A< a Am<. Ara Am<. 
size 11.50 size 7.22 

A 176 20.24 20.24 10 202.4 A 233 16.82 16.82 lO 168.2 

' 165 18.98 19.61 lS 294.2 B 218 15.74 16.28 15 244.2 
2150/l c 154 17.11 18.35 25 458.6 6500/l c 203 14.66 15.20 25 380.0 

0 142 16.33 17.02 so 851.0 0 187 13. so 14.08 50 704.1') 
E 131 15.07 15.70 15 1177.5 ' 174 12.56 13.03 75 977 .] 
F 122 14.03 14.55 125 1818.8 F 160 11. 55 12.06 125 U07. 5 
G 113 12.99 l3.51 150 2026.5 G 148 10.69 11.12 150 1668.0 
H 103 11.58 12.42 250 3105.0 H 137 9.!!9 10.29 150 2572.5 
I 95 10.93 11 ."39 271 3086.7 I 125 9.03 9.46 271 2563.7 
J B6 9.89 10.41 393 4091.1 J 113 8.16 8. 59 393 3375.9 
X 77 8.86 9.38 488 4577.4 K 103 7.44 7 .so 488 380'i .4 
L 52 5.98 7.42 582 4318.4 L 93 6. 71 7.08 '" 4120.1i 

( .60 X ) M 33 3.80 5 .u 737 3766.1 ( .60 X ) M 81 5.85 6.37 717 46'14. 7 
(. 75 X ) N 20 2.30 3.42 489 1672.4 ( • 7 5 X ) N 70 5.05 5.65 480 27'i2.il 

SUIII"' 31446.3 ·=. 2'1545.7 

* Weighting factor F (see text Section 7.1 Step C6) 
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'1kble 22.-co.pleted CO!Jpu.tatioa sheets for 1st, 2nd and 3rd 6-hr inereuaents for Leoa River, TX dntinage 
- Cmltinued 

Increment: l, 2 

Drainage: Leon River TX Area: 3 660 1D1 2 !.ate: 

I II III IV v VI I II III IV v VI 
Ara Ame. Avg. Ara "''. Avg. 
size !so. No~:~~o. 5.99 deEth .. •v size Iso. Nomo • 4.93 deEth 4A .v 

A 262 15.69 15.69 10 156.9 A 290 14.30 14.30 10 143.0 
B 243 14.56 15.12 15 226.8 B 271 13.36 13.83 15 207.4 

10000/1 c 227 13.60 14.08 25 352.0 15000/1 c 253 12.47 12.92 25 323.0 
D 209 12.52 13.06 so 653 .o D 232 11.44 11.96 50 598.(') 
E 194 11.62 12.07 75 905.2 E 214 10.55 u.oo 75 825.0 
F 178 10.66 11.14 125 1392.5 F 196 9.66 10.10 125 1262.5 
G 166 9.94 10.30 150 1545.0 G 183 q .02 9.34 150 1411.0 
H 152 9.10 9.52 250 23AO.O H 16B 8.28 8.65 250 2162. 5 
I 140 8.39 8.74 271 2368.5 I 156 7 .69 7.98 271 2162.6 
J 128 7.67 8.03 393 3155.8 J 143 7.05 7.3 7 303 2896.4 
K 117 7.01 7.34 488 3581.9 K 131 6.46 6.76 488 3298 .C! 
L 107 6.41 6. 71 582 3905.2 L 120 S.C!2 6.19 582 3602.6 

(.60 X ) M 93 5.57 6.07 737 4473.6 ( .60 X ) M 106 5.22 5.64 737 4151';. 7 
(. 75 X ) X 82 4.91 5.40 489 2640.6 (. 75 X ) N 94 4.63 5.07 489 2479.2 

Sum '" 27737.0 S= • 25518.8 
- - - - - - - -

Area "''· Ara "''· size 4.42 size 4.12 
A 116 5.13 s .13 10 51.3 A 117 4.82 4.32 10 48.2 
B 112 4.95 5.04 1S 75.6 B 113 4.56 4.74 15 71.1 

1000/2 c 108.5 4.80 4.88 25 121.9 1500/2 c 110 4. 53 4. 60 25 114.9 
0 105 4. 64 4. 72 so 236.0 0 107 4.41 4.47 50 223.5 
E 103 4.55 4. 60 75 345.0 E 105 4. 33 4.37 75 327.i! 
F 101 4.46 4.51 125 563.8 F 103 4.24 4.29 125 535.6 
G 99 4.38 4.42 150 663.0 G 100.5 4.14 4.19 150 628.5 
H 97 4.29 4.34 250 1085.0 H 99 4.08 4.11 250 1027.5 
I " 4.20 4.25 271 1151.8 I 97 4.00 4.04 271 10CI4,8 
J 76 3.36 J. 78 393 1485.5 J 95.5 3.93 3.'H 393 1560.2 
K 63 2. 78 3.07 488 1498.2 ' 75.5 3.ll 3.52 "' 1717 ,1'1 
L 51 2.25 2.52 582 1466.6 L 605 2.49 2.80 5'2 162Q,f, 

( .60 X ) M 3B 1.68 2. 02 737 1488.7 (.no X ) M 45 1.1'!5 2.B 737 1643. s 
(. 75 X ) N 24 1.06 1. 52 489 743.3 (. 75 X ) X 31 1.28 1.71 489 83-5.2 

Sulll '" 10975.7 Sulll = 11459.2 

A<M Am e. ArM Am e. 
size 3.83 size 3.52 

A 118.5 4.54 4.54 10 45.4 A 119.5 4.21 4.21 10 4 'L l 
B ll4.5 4.39 4.47 15 1'>7. 0 B 116 4.08 4.15 15 1;2.2 

2150/2 G 110.5 4.25 4.32 2S 108.0 3000/2 c 112. s 3.C!6 4.02 2S 100.5 
D 108.5 4.16 4.21 50 210. s D llO 3.87 ),Q2 50 1 Qo'i ,I) 
E 106.5 4.08 4.12 75 309 .o E 108 3.30 3.84 75 288 .o 
F 104.5 4.00 4.04 125 sos.o F 106 3. 77 ). 77 125 4 71.2 
G 102 3.91 3.96 150 594.0 G 104 3.66 3.70 150 555.1'} 
H 100 3.83 3. 96 250 967.5 H 10Z 3.59 3.63 250 907.5 
I 99 3.79 3.81 271 1032.5 I 100.5 3.54 3.56 271 964.8 
J 97 3. 72 3.76 393 1417.7 J 99 3.48 3. 51 393 1379.4 
K 96 3.68 3.70 488 1805.6 K 97 3.41 3.45 488 1683.6 
L 73 2.80 3.24 "' 1885.7 L 96 3.38 3.40 582 l978.fl 

( .60 X ) M 54 2.07 2. 62 737 1930.9 ( .60 X ) M 67 2.36 2. 97 737 218>!. 9 
(. 75 X ) N 37 .5 1.44 1.91 489 934.0 (. 75 X ) N 45 l. 58 2.17 489 1061.1 

'=- 11872.8 S= • 11879.1 

- - - - - - - - - - - - - - - -
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1able 22.--toapleted computation sheets for 1st, 2ud and 3rd 6-hr iucreaents for Leou R1. ver, TX drainage 
- Coutiuued 

Increment: 3 

Drainage: L•= River, IX Area: 3,660 llli 2 lh te: 

I II III IV v VI I II III IV v VI 
Ar~ AmL Avg. Ar~ "''. A.vg. 
si~e Iso. Ncmo. 2.89 deEth .. ~v !li~e Iso. Nomo. 2.70 de:e:th •A ~v 

A 104.5 3.02 3.02 10 30.2 A lOS 2.84 2.84 10 28.4 
B 103.3 2.98 3.00 15 45.0 B 103.8 2.80 2.82 15 42.3 

1000/3 c 102.3 2.96 2.97 25 74.2 1500/3 c 102.7 2.77 2.785 25 69.6 
D 101.3 2.93 2.945 so 147.2 D 101.7 2.74 2.755 so 137 .!3 
E 100.6 2.91 2.92 75 219.0 E 101 2.73 2. 735 75 205.1 
F 100.3 2.90 2. 905 125 393.1 F 100.7 2.72 2. 725 125 340.6 
G 99.9 2.89 2.895 150 434.2 c 100.3 2.71 2. 715 150 407.2 
B 99.5 2.88 2.885 250 721.2 H 100 2.70 2.705 250 676.2 
I 99.3 2.87 2.875 271 779.1 I 99.7 2.69 2.695· 271 730.3 
J 82.5 2.38 2. 70 393 1061.1 J 99.4 2.68 2.685 393 1055.2 
K 67 1.94 2.15 4B8 1054.1 K 81 2.19 2.44 488 1190.7 
L 54 1.56 1.75 582 1018.5 L 55.5 1.77 1.98 582 1152.4 

( .60 X ) H 43 1.24 1.43 737 1053.9 ( .60 X ) M 51.5 1.39 1.52 737 1193.9 
(.75 X ) N 31 .90 1.16 489 567.2 (. 75 X ) N 38 1.03 1.30 489 635.7 

S= • 7598.0 '=. 7865.4 

Are "''. Are "''. 
si:~;e 2.50 size 2.30 

A 105.3 2. 63 2.63 10 26.3 A lOS. 7 2.43 2.43 10 24.1 ., 104.2 2.60 2.615 15 39.2 8 104.6 2.41 2.42 15 36.3 
2150/3 c 103.2 2.58 2.59 25 64.8 3000/3 c 103. 5 2.38 2.40 25 60.0 

D 102 2.55 2. 565 so 128.2 D 102.5 2.36 2.37 50 118.5 
E 101.3 2.53 2. 54 75 190. s E 101.7 2. 34 2. 35 75 176.1 
F 101 2.52 2.525 125 315.6 F 101.3 2.33 2.345 125 2r11.1 
G 100.6 2.52 2.52 150 378.0 G 100.9 2.32 2.335 150 350.2 
H 100.3 2. 51 2.515 250 628.8 H 100.5 2.31 2.315 250 57!'! .8 
I 100 2.50 z. 505 271 678.8 I 100.2 2. 30 2.305 271 1'124.6 
J 99.7 2.49 2.495 393 9!30.5 J 99.9 2.30 2.30 393 903.() 
K 99.5 2.49 2.49 488 1215.1 K 99.6 2.29 2.295 4B8 1120.0 
L 80.5 2.01 2.25 582 t309.5 L 99.3 2.2f! 2.285 582 132() .9 

( .60 X M 61 l. 52 1. 81 737 1334.0 ( .')0 X M 76 1. 7 5 2.07 737 1525.6 
(. 75 X v 46.5 1.16 1.43 489 599.3 (. 7 5 X v 57 1.31 1.64 439 302 .o 

Sum '" 7988.6 Sum .. 7943.5 
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lable 23.--co.pleted coaputatiou sheet for the lst to 3rd 6-br increments for supple.enta.l isohyets 
on the Leon Ri ve't' • TX drainage 

Incl'ement: 1 to 3 

Drainage: Leon River TX Area: 3,560mt2 rate: 

I II III IV v VI I II III IV v VI 
A<~ "''. Avg. Ar~ "''" Avg. 
si:ze tso. Nomo. 12.12 deEth .. AV si:ze Iso. Nomo • 10.85 depth •A .v 

A l7l 20.72 20.72 10 207.2 A 18I 19.55 19.55 10 196.5 
B 160 19.39 20.05 1S 300.9 B 169 18.35 19 .oo 15 285.0 

1900/1 c 149 18.05 18.72 25 458.0 2400/1 c 158 17.16 17.75 25 444.0 
D 138 16.73 17.40 50 870.0 D 146 15.86 16.51 so 825.5 
E 128 14.51 16.12 75 1209.0 E 134 14.55 15.20 75 1140.0 
F ll8 14.30 14.90 l25 1862.5 F 125 13.58 14.05 l25 1757.5 
G no 13.33 13.82 150 2073.0 G 116 12.60 11.09 150 1963.5 
R 100 12.12 12.72 250 3180.0 H 106 11.51 12.06 250 3015.0 
I 93 11.27 11.70 27l 3170.7 I " 10.53 11.02 27l 2986.4 
J 84 10.18 10.72 393 4213.0 J 88 'LS6 10.04 "' 3q45,7 

78 9.45 9.82 345 3387.9 K 79 )1;.98 <J.07 "' 4426.2 
K 68 8.24 8.84 143 1264.1 76 8.25 8.42 211 1776.6 
L 48 5.82 7.03 582 4091.5 L 58 6.30 7 .28 37l 2700.9 

( .60 X ) M 30 3.64 4.95 737 3548.2 (.50 X M 36 3.91 5.14 737 3935.6 
(.15 X) " 18 2.18 3.28 489 1603.9 (. 75 X N 21 2.28 3. so 489 1711.5 

Sum 31449.9 Sum .. 31110.0 
- - - - - - - - - - - -

ArM "''· ArM Ant. 
si:ze 3.93 si:ze 3. 73 

A ll8 4.64 4.64 10 46.4 A 119 4.44 4.44 10 44.4 
B 116 4.56 4.60 l5 69.0 B llS 4.29 4.36 15 65.4 

1900/2 c 1ll 4.36 4.46 25 111.5 2400/2 c ll2 4.18 4.24 25 10<l.O 
D 108 4.24 4.30 so 215.0 D 109 4.06 4.12 so 201) .o 
E 106 4.16 4.20 75 315.0 ' 107 3.99 4.025 75 301.9 
F 104 4.09 4.125 l2S 515.6 F 105 3.92 3.955 125 494.4 
G 102 4.01 4.05 ISO 607.5 G 103 3.84 3.88 1SO 582 .o 
H 100 3.93 4. 97 250 1242.5 R 101 3. 77 3.805 250 951.2 
I " 3.85 3.89 27l 1054.2 I 99 3.6Q 3.73 271 lOlO.R 
J 96.5 3.79 3.82 393 1501.3 J 97.5 3. 64 3. 665 "' 1440.3 

95.5 3. 75 3.77 34S 1300.6 K Q6 .5 3.60 3.62 48< 1766.6 
K 86 3.38 3.57 143 510.5 96 3.)-'l 3. 5Q 211 757.5 
L 68 2.57 3.03 582 1763.5 L 78 2.91 1.25 37l 1205 ,f! 

( .60 X ) M so .5 1.98 2. 39 737 1761.4 (. 60 X ' 57.5 2.14 z.;,o 737 1911\.2 
(. 7 5 X) N 37 t.4a 1.86 489 909.5 (. 75 X N 40 1.49 1.98 489 968.2 

Sum '* 11923.5 Sum .. 11R16. 7 
- - - -

"~ Ant. A<~ Ant. 
size 2. 56 si:ze 2.43 

A 105.2 2.69 2.69 10 26.9 A 105.4 2.56 2. 56 10 25.6 
B 104.1 2.66 '!.675 15 40.1 B 104.3 2.53 2.545 11 3B.2 

1900/3 c 103 2.64 2.65 25 66.2 2400/3 c 103.3 2.51 2.52 25 63.r) 
0 102 2.61 2.625 so 131.2 0 102.3 2.48 2.495 so 124.8 

' 101.2 2.59 2.06 75 195.0 E 101.5 2.47 2.475 7S 185.6 
F 100.8 2.58 2.585 125 323.1 F 101.0 2.45 2.46 125 307.5 
G 100.5 2.57 2.575 1SO 386.2 G 100.7 2.45 2.45 150 367.5 
H 100.2 2.56 2.565 250 641.2 H 100.3 2.44 2.445 250 611.2 
I 99.8 2.55 2.555 271 692.4 I 100 .o 2.43 2.435 27l 659.9 
J 99.6 z. 55 2.55 393 1000.2 J '}9 .8 2.42 2.425 "' 953.0 

99.4 2. 54 2.545 34S 878.0 K 99.4 2.42 2.42 488 1181.0 
K 92 2.36 2.45 143 350.4 99.3 2.41 2.415 211 509.6 
L 75 1.92 2.14 582 1245.5 L 86 2.09 2.25 37l 834.8 

( .60 X) M 58 1.48 l. 74 737 1285.3 (.60 X) ll 66 1. 60 l. 89 737 1392.9 
( . 7 s X ) N 43 1.10 1.39 48, 579.7 (.75 X) N 49.5 1.20 1.50 489 733.5 

Sum "' 7940.5 Sum .. 7938.1 
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VOLUME (xI 0 3 mi 2-in.) 
ftgure 47 .-VolUllle vs. area curve for 1st 

three 6-br incre.ents for Leon River, 
TX dn.iuage. 

D2. Successively subtract the 6-hr values in step Dl. 

6-hr periods 

1 2 3 4 5 6 7 8 9 10 
Inc rem. 
PMP (in.) 12.9 4.3 2.8 2.3 1.5 1.2 LO 0.8 0.9 0.8 

We read slightly different values (read to hundreths) in 
smoothed da. ta from figure 45 for the 1st three 6-hr 
increments, which we substitute here, for consistency. 

Note that to assure a series of decreasing values it vas 
necessary to reverse the values for the 8th and 9th 
increment. This does not cause any problem for our 
computations. 

6-hr periods 

ll 12 

o. 7 0.7 

1 2 3 4 5 6 7 8 9 10 11 12 
Increm. 
PMP (in.) 12.82 4.27 2.79 2.30 1.50 1.20 1.00 0.90 0.80 0.80 0.70 0.70 

Multiply each of these 6-hr incremental R1P by 89.7% to 
reduce them for orientation. 
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6-hr periods 

1 2 3 4 5 6 7 8 9 10 11 12 
Adj. 
PMP (in.) 11.50 3.83 2.50 2.06 1.34 1.08 0.90 0.81 0.72 0.72 0.63 0.63 

D3. Isohyet values are then obtained by multiplying 2he 1st 6-hr 
value in step D2 by the percentages for 2,150 mi from table 
15 or the 1st 6-hr nomogram (fig. 16), the 2nd 6-hr value by 
the percentages in table 16 or figure 18, the 3rd 6-hr value 
by the percentages in table 17 or figure 19, and the fourth 
through 12th 6-hr values by the percentages in table 18 or 
figure 20 as shown in table 24. In section 3.5.3, we have 
explained that the fourth through 12th 6-hr increments are 

~:~:~d o~!~r:;ea ~~:~ ~f c:Ps,ta;,\ 5~~e2 ii: ~s:rd5 te~:~~.the 
'lhble 24.-Isohyet 'VIllues (in.)~ Leon River, TX. for ezample 1a 

6-hr periods 
Isohyet 1 2 3 4 5 6 7 8 9 10 

A 20.24 4.54 2.63 2.06 1.34 1.08 0.90 0.81 0.72 0.72 
B 18.98 4.39 2.61 2.06 1.34 1.08 0.90 0.81 0.72 0. 7 2 
c 17.17 4.25 2.58 2.06 1.34 1.08 0.90 0.81 0.72 o. 72 
D 16.33 4.16 2.56 2.06 1.34 1.08 0.90 0.81 0.72 0.72 
E 15.07 4.08 2.53 2.06 1.34 1.08 0.90 0.81 0.72 0.72 
F 14.03 4.00 2.53 2.06 1.34 1.08 0.90 0.81 0.72 0.72 
G 12.99 3.91 2.52 2.06 1.34 1.08 0.90 0.81 0.72 0.72 
H 11.85 3.83 2.51 2.06 1.34 1.08 0.90 0.81 0.72 0.72 
I 10.93 3. 77 2.50 2.06 1.34 1.08 0.90 0.81 0.72 0.72 
J 9.89 3. 72 2.49 2.06 1.34 1.08 0.90 0.81 0.72 o. 72 
K 8.86 3.68 2.48 2.06 1.34 1.08 0.90 0.81 0.72 0.72 
L 5.98 2.80 2.03 1.66 1.08 0.87 o. 72 0.65 0.58 0.58 
M 3.80 2.07 1.55 1.26 0.82 0.66 0.55 0.49 0.44 0.44 
N 2.30 1.44 1.16 ··0.96 0.62 0.50 0.42 0.38 0.33 0.33 

11 12 

0.63 0.63 
0.63 0.63 
0.63 0.63 
0.63 0.63 
0.63 0.63 
0.63 0.63 
0.63 0.63 
0.63 0.63 
0.63 0.63 
0.63 0.63 
0.63 0.63 
0.51 0.51 
0.38 0.38 
0.29 0.29 

Note: The results shown in this n:atrix emphasize the fact that for the fourth 
through 12th 6-hr period the distribution of FMP is uniform across the EMP 
portion of the pattern (A through K) for each increment. However, isohyets L to 
N represent residual precipitation for the 2,150-mi 2 pattern and these isohyets 
are assigned decreasing values. 

D4. The values in table 24 represent the incremental isotzretal 
values for the Leon River drainage with the 2,150-mi EMP 
pattern placed as shown in figure 46. To obtain incremental 
average depths (EMP) for this drainage it is necessary to 
compute the incremental volumes as determined from the 
tabulated isohyetal values according to the procedures 
described for figure 41, and then divide each incremental 
volume by the drainage area. This results in the following 
incremental average depths. (See computations in table 25.) 
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'Dlble 25.--ca.pleted computation sheets showing typical fot'llllt. to get incremental draioag~verage depths, 
Leoa. Rl.ver, TX 

Inc.re111ent: 1 " 6 

Drainage: Le= River TX Area: 3,660 mi 2 14 te: 

I II III IV v VI I II III IV v VI 
Ar~ .. ,. Avg • Ar¥ "''. Avg. 
size Iso. NOGO, 11.50 deEth •A .v size Iso. Nomo. 2.06 depth •A .v 

A 20.24 20.24 10 202.4 A 100 2.06 2.06 10 20.6 
B 18.98 19.61 15 294.2 B 100 2.06 2.06 15 30.9 

2150/1 c 17.71 18.35 25 458.8 2150/4 c 100 2.06 2.06 25 51.5 
0 16.33 17.02 50 851.0 D 100 2.06 2.06 50 103.0 
E 15.07 15.70 15 1177 .s E 100 2.06 2.06 75 154. s 
F 14.03 14.55 175 1818.8 F 100 2.06 2.06 125 257.5 
G 12.99 13.51 150 2026.5 G 100 2.06 2.06 150 309.0 
8 11.85 12.42 250 3105.0 H 100 2.06 2.06 250 515.0 
I 10.93 11.39 271 3086.7 I 100 2.06 2.06 271 558.3 
J 9.89 10.41 393 4091.1 J 100 2. 06 2.06 393 809.6 
K 8.86 9.38 "' 4577.4 K 100 2.06 2.06 488 1005.3 
L 5.98 7.42 582 4318.4 L 80.5 1. 66 1. 86 582 1082.5 

( .60 X) M 3.80 5.11 737 3766.1 ( .60 X ) M 61 1.26 1.46 737 1076.0 
(. 75 X ) N 2.30 3.42 489 1672.4 (. 75 X ) N 46.5 .96 l.ll 489 542.8 

Total .. 3660 
S= • 31446.3 Sum "' 6516.5 

Avg. depth "' s .59 Avg. depth ,. 1. 78 
- - - -

A<¥ "''· A<¥ Am<. 
size 3.83 size 1.34 

A 10 45.4 A 100 1. 34 t. 34 10 13.4 
B 15 67.0 ' 100 1.34 1.34 15 20.1 

2150/2 c 25 108.0 2150/5 c 100 l. 34 l. 34 25 33.5 
D 50 210.5 D 100 1.34 1.34 50 'i7 .o 
E 75 309.0 E 100 1. 34 l. 34 " 100.5 
F 125 505 .o F 100 1.34 1.34 125 16 7. 5 
G 150 594.0 G 100 1.34 1.34 150 201.0 
H 250 967 .s H 100 1.34 1.34 250 33 5 .o 
I 271 1032.5 I 100 1.34 1.34 271 363.1 
J 393 1477.7 J 100 1.34 1.34 393 526.6 
K 488 1805.6 X 100 1.34 t. 34 488 653.9 
L 582 1S87 .5 L 80.5 1.08 1.21 SA2 704.2 

(. 60 X M 737 1930.9 ( .60 X M 61 0.82 0. 95 737 700.2 
(. 75 X N 489 934.0 (. 75 X N 46.5 0.62 o. 72 489 352.1 

Sum'" 11S72.8 Sum 4238 .l 
Avg. depth "' 3.24 Avg. depth 1.16 -- - - - - - - - -

A<~ AmE. A<~ "''· size 2.50 size 1.08 
A 10 26.3 A 100 l. 08 l. 08 10 1(1.8 

' 15 39.2 B 100 l.OB 1.08 15 t6.2 
2150/3 c 25 64.8 2150/6 c 100 l. 08 l. OS 25 27 .a 

D 50 128.2 0 100 LOS 1.08 50 54 .o 
E 75 190.5 ' 100 l. 08 l. OS 75 SLO 
F 125 315.6 F 100 l.OS l.OS 125 135 .(I 
G 150 378.0 G 100 t. Ofl t. 0~ 150 162.0 
H 250 62S .s H 100 LOS LOS 250 270 .o 
I 271 678.8 I 100 1.08 1.0~ 271 2Q2. 7 
J 393 9SO .5 J 100 1.08 LOS 393 424.4 
K 488 1215.1 K 100 1.08 l.OS 4Re 527.n 
L 582 1309.5 L 80.5 0.37 0.9S 582 570.4 

( .60 X ' 737 1334.0 (. 60 X M 61 0.6fi o. 77 737 567. s 
(. 75 X N 489 699.3 (. 75 X N 46.5 0. so 0 .ss 4R' 283.fi 

S>.Jlll "' 7988.6 '"" 3421.6 
____!vg :..._iep~"' _ 2.18 Avg. depth 0.':13 - - -123 - - -



'nJ.ble 25.~~let:ed C:OIIIpUtatiOo. sheets shoving typical foruat to get inc:re!lll.ental dm.inagl!""3veraged depths, 
Leon 1t1 ver • TL - Continued 

Increment: 7 to 12 

Drainage: L•oo River TX Area: 3,660 lll1. 2 Iete: 

I II III IV v VI I II III IV v VI 
MS Amc. Avg. Are '"'· Avg. 
size Iso. Nome. 0.90 deEth .. .v size Iso. Nome. 0.72 deJ:;th •A .. 

A 100 0.90 0.90 10 ' A 100 o. 72 o. 72 10 7.2 
B lOO 0.90 0.90 15 13.5 B 100 o. 72 0.72 15 10.8 

2150/7 c 100 0.90 0.90 25 22.5 2150/10 c 100 0.72 0.72 25 18.0 
0 100 0.90 0.90 so 45.0 0 100 0.72 0.72 so 36.0 
E 100 0.90 0.90 75 67.5 E 100 0.72 0.72 75 54.0 
F 100 0.90 0.90 125 112.5 F 100 0.72 0.72 l25 90.0 
G lOO 0.90 0.90 1SO 135.0 G 100 o. 72 0.72 150 108.0 
R 100 0.90 0.90 250 225.0 R 100 o. 72 0.72 250 180.0 
I 100 0.90 0.90 271 243.9 I 100 0. 72. o. 72 271 195.1 
J 100 0.90 0.90 393 353.7 J lOO o. 72 o. 72 393 282.9 
K 100 0.90 0.90 4B8 439.2 K 100 0.12 0. 72 4B8 351.4 
L 80.5 o. 72 0.81 582 471.4 L 80.5 a. 58 0.65 582 378.3 

( .60 X ) ' 61 0.55 0.64 737 471.7 ( .60 X ) M 6l 0.44 0.51 737 375.9 
( • 7 5 X ) N 46.5 0.42 0.49 489 239.6 (. 75 X ) N 46.5 0.33 0.39 48' 190.7 

S= • 2849.5 S= • 2278.3 
Avg. depth .. o. 73 Avg. lapth ,. 0.62 

-- - - - - - -
A< a '"'· A< a "''. size 0.81 size 0.63 

A lOO 0.81 0.81 lO 8.l A 100 I) .63 1).63 lO '-' 
' lOO o. 81 0.81 l5 12.2 B lOO 0.63 0.63 l5 '. 5 

2150/8 c lOO 0.81 0.81 25 20.3 2150/ll c lOO 1).63 0. 63 25 L 'i .8 
0 lOO 0.81 0.81 so 40.5 0 lOO o. 61 o. 63 50 31. 5 
E lOO 0.81 0.81 75 60.8 E lOO 1').63 n. 63 75 4 7.3 
F lOO 0.81 0.81 l25 101.3 F lOO o. 63 0.63 l25 7f!.ll 
G lOO 0.81 0.81 lSO 121. s G 100 0.63 0.63 \50 94.5 
H 100 0.81 0.81 250 202.5 H \00 0. 63 0.63 250 157.5 
I \00 0.81 0.81 271 219.5 I 100 0.63 0.63 271 170.7 
J lOO 0.81 0.81 393 318.3 J lOO 0.63 0.63 393 247.~ 
K lOO 0.81 0.81 488 395.3 K 100 0.63 0. 63 488 307.4 
L 80. s 0.65 0.73 582 424.9 L 80. 5 0.51 0. 57 582 331.7 

( .60 X ) " 6l 0.49 0.57 737 420.1 ( .60 X ) M 6l 0.38 0 .45 73 7 331.7 
( . 7 5 X ) N 46.5 0.38 0.44 489 215.2 (. 75 X ) N 46. 5 0.29 0.34 489 166.3 

'=. 2560.4 S= • 1996.6 
Avg. depth . 0. 70 Avg • depth " 0. 54 

- - - - -
A<M "''· A<s Am<. 
size o. 72 size o. 63 

A lOO 0.72 0.72 lO 7.2 A lOO 0.63 0.63 lO 6.3 

' lOO 0.72 o. 72 lS 10.8 ' lOO o. 63 0. 63 l5 9.5 
2150/9 c tOO o. 72 o. 72 25 18.0 2150/12 c lOO 0.63 0.63 25 15.8 

0 lOO o. 72 o. 72 so 36 .o 0 lOO 0.63 o. 63 so 31.5 
E lOO o. 72 0. 72 75 54.0 E lOO 0.63 0.63 75 4 7. 3 
F lOO o. 72 o. 72 l25 90.0 F lOO 0.63 0.63 l25 7!1.8 
G lOO o. 72 o. 72 l50 108.0 G lOO 0.63 0.63 l50 ()4.5 
H lOO 0.72 o. 72 250 180.0 H lOO 0.63 0.63 250 157. 5 
I lOO 0.72 o.n 271 195.1 I lOO 0.63 0.63 27l 170.7 
J lOO 0.72 o. 72 393 282.9 J lOO 0.63 o. 63 "' 247 • .<, 
K 100 0.72 o. 72 488 351.4 K lOO o. 63 0.63 488 307 .4 
L 80.5 o. 58 o. 65 582 378.3 L RO. S 0.51 o. 57 582 331. 7 

( .60 X ) " 6l 0.44 0. 51 737 375.9 ( .60 X ) M 6l 0.38 0.45 737 331.7 
(. 75 X ) N 46.5 0.33 0.39 489 190.7 (. 75 X ) N 46.5 0.2.9 o. 34 "' 166.3 

S= 2278.3 S= 1'19fi.6 
Avg. depth o. 62 Avg. depth 0.54 
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6-hr periods 

1 2 3 4 5 6 7 8 9 10 11 12 
Avg. 
PMP (in.) 8.59 3.24 2.18 1.78 1.16 0.93 0.78 0.70 0.62 0.62 0.54 0.54 

These give a 72-hr total drainage-averaged EMP of 21.68 in., 
which can be compared to 27.4 in. for 3,660 mi (from fig. 
43), or a 21 percent reduction from HMR No. 51. The 
reduction is due to orientation and OO.sin shape factors. 

OS. a. At 31°45'N, 98°15'W, we read a 1/6-hr ratio of 0.306 
from figure 39. 

b. We adjust the scale for the nomogra~ 
that the abscissa for the 20,000-mi 
0.306. 

in figure 40 such 
"A" isohyet reads 

c. With the scale set as in step DSb, we read ratios for 
the following isohyets. 

1/6-hr 
Isohyet ratio 

A .299 
B .298* 
c .297 
D .295* 
E .293 
F .2915* 
G .290 
H .2875* 
I .285 
J .282 
K .279 

*interpolated isohyet on nomogram 

d. Multiply the ratios in step D5c by the corresponding 
values from table 24 (1st 6-hr period only) to get the 
1-hr isohyet values. 

Isohyet 
A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 
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1-hr isohyet 
values 

6.05 
5.66 
5 .1 0 
4.82 
4.42 
4.09 
3.77 
3.73 
3.12 
2. 78 
2.47 



e. Plot the values in.step D5d and those for the 4 greatest 
increments from table 24 and draw a smooth curve of best 
fit through these points with the origin as the starting 
point as shown in figure 48. 

f. From figure 48, we can read isohyet values for any other 
duration less than 6 hr (see note in procedure step 
7D5f). 

g. The 4 greatest 6-hr incremental isohyet values for theM 
isohyet have also been plotted on figure 48 as an 
example of residual precipitation. It is apparent that 
this curve is flatter than those for the EMP portion of 
the pattern. Lesser errors are therefore likely in 
interpolating short duration isohyet values for residual 
precipitation than for those within the IMP area. (Note 
in procedure step 7D5f applies here and to 1-hr values 
for residual precipitation.) 

7.3 Emmple lb 

As a comparison to the results of example la, we will now evaluate the liBXimum 
volume for the Leon River, Texas drainage when no adjustment for orientation is 
applied. In step B3, we obtained the orientation for R1P from figure 8 as 208" 
for 31 "45'N, 98"15 1 W. Figure 10 indicates that within 40" of EMP orientation, no 
reduction need be applied to isohyets values. Subtracting 40" from 208", we get 
an orientation of 168". Thus, if we place the isohyetal pattern at an 
orientation of 168" on the Leon River drainage, as shown in figure 49, no 
adjustment is necessary. We must planimeter the areas between each of the 
incomplete isohyets, and then refer to step C in the procedure. 

C. Complete the computational process of figure 41 for the area 
sizes con~idered in example la. We have omitted the 1,000- and 
15,000-mi areas bised on the outcome of example la. Note that 
the nomogram percentages will be the same as those used in 
example la, but the amount heading column III is now unadjusted 
for orientation; i.e., smoothed values from~igure 45. 

Table 26 presents completed computations for this example. The 

~~el~~:rybe~w-:e:um 6:~~:ea::r 1~~~0~ir:2 ~-hr T~nc~~=:~t :UPP~~: 
outcome, the 15,000-mi area pattern volume was determined a~d 
was found to be significantly less than that at 10,000 mi • 
Computation of the 2nd and 3rd 6-hr incremeRts for the standard 
isohyet areas between 4,500 and 15,000 m1

2 
resulted in 18-hr 

volumes ranging between 45,000 and 49,000 mi -in. 

Note th3.t by not adjusting the isohyets for orientation, the R1P 
pa~tern area of mximum volume 

2
ha.s greatly increased from 2,150 

mi in example la to 10,000 mi in this example, but the total 
volume as decreased. This occurs because some of the larger 
isohyets become more effective as the isohyet values increase 
with increasing a rea, and combine with proportionately larger 
incremental areas. At the same time the volume contributed by 
the isohyets enclosing smller areas has been mrkedly reduced. 
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'JI&ble 26.--co.plet.ed co-pu.tatiOll sheets foe 1st thcee 6-br iucreaeDts for elteCD&te pl.sc.-ent of 
pattern cia. Le011 IIi vee, T:Z: dn.iuage 

Increment: 

Drainage: L•~ River TX Area: 3,660 mi 2 rate: 

I II III IV 0 ox I II III " 0 ox 
Are Am<. Avg. A< a .. ,. Avg • 
size Iso. Noma. 14.35 deEth •• .o size Iso. N0111o. 9.80 <leEth •• •o 

A L62 23.25 23.25 LO 232.5 A 2L2 20.78 20.78 LO 207.8 

• LS2 21.81 22-53 L5 338.0 • L98 19.40 20.09 L5 301.4 
1500/1 c L42 20.34 21.08 " 521 .o 4500/1 c L84 18.03 18.72 " 468.0 

0 L32 18.94 19.64 50 982.0 0 L7o 16.66 17.34 50 867 .o 

' 122 17.54 18.22 75 1366.5 ' 157 15.39 16.02 75 1201.; 
F 112 16.07 16.79 L25 2098.8 F 146 14.31 14.85 L25 1856.2 
G 105 15.07 15.57 125 1946.2 G 135 13.23 lJ. 77 L2S 1721.2 

• 96 13.78 14.42 L2S 1802.5 K 124 12.15 12.69 L2S 1586.2 
I 88 12.68 13.20 L50 1980.0 I LL3 11.07 11.61 LSO 1741.5 
J 80 11.48 12-06 240 2894.4 J 103 10.09 10.58 240 2539.2 

• 56 8.04 9.76 340 3318.4 • 93 9.11 9.60 340 3264.0 
L 41 5.88 6.96 240 1670.4 L " 8.13 8.62 240 2068.8 
M 26 3.73 4.80 525 2520.0 M 71 6.96 7.54 525 3958.5 
N L6 2.30 3.02 505 1525.1 N 37 3.63 5.30 505 2676.5 
0 7 1.00 1.65 535 882 .a 0 L8 1. 76 2.70 535 1444.5 

( .60 X ) p 0 o.o 0.60 445 267.0 ( .. 60 X ) p 8 0.78 1.37 445 6()-9. 6 
(". 70 X ) Q 0 o.o o.o L30 0.0 (. 70 X ) Q 0 o.o fJ.S5 130 71.5 

Su.m " 24251.6 Sum 26583.4 

MM .. ,. A< a "'· Size 12.82 Site 8.50 
A 176 22.56 22.56 LO 225.6 A 233 1<1.80 1':1.80 10 1<11'\,0 

• 165 21.15 21.86 L5 327.9 • 218 18.53 l<I.H L5 2'37.5 
2150/1 c L54 19.74 20.44 2S 511.0 6500/1 c 203 17.26 17 ,ao 25 44 7.4 

0 142 18.20 18.97 50 948.5 0 L87 15.90 16.58 50 82CI,0 
E 131 16.79 17.50 75 1312.5 ' L74 14.79 15.34 75 1150.~ 

F 122 15.64 16.22 L25 2027.5 F L&O 13.60 14.20 L25 1775.0 
G LlJ 14.49 15.06 L25 1882.5 G L4B 12.58 l3 .OCI us 1636.2 
K LOJ 13.20 13.84 us 1730.0 R L37 11.64 12.11 L2S 1513.-9 
I 95 12.18 12.69 LSO 1903.5 I lZS trJ.62 11.14 LSO 1671.0 
J 86 11.02 11.60 240 2784.0 J 113 ".60 lfJ.ll 240 2425.4 
K 77 9.87 10.44 340 3549.6 K L03 -'!.76 9.18 340 3121.2 
L 52 6.67 8.27 240 1984.8 L 93 7.90 8.33 "' 1999.2 

' JJ 4.23 5.45 5l5 2861.2 ' 8L 6.88 7.39 5l5 3879.8 

' 20 2.56 ).40 505 1717.0 N 70 5.95 6.42 505 3242.1 
0 ' 1.15 1.86 535 995.1 0 l9 2.46 4.20 535 2247.0 

( .60 X ) p 2 0.26 0.79 445 351.6 ( .60 X ) p 13 1.10 1.92 445 854.4 
(. 70 X ) Q 0 0.0 0-18 130 23.4 (, 70 X ) Q L 0.08 0.79 130 102.7 

Su.m " 25US.7 Su.m • 27381.2 

A< a '"· A< a "'· size 11.40 size 7 .OS 
A L9l 21.77 21.77 LO 217.7 A 252 18.47 18.47 10 184.7 
B L79 20.41 21.09 L5 116.4 • 243 17.13 17 .so L5 267.0 

3000/1 c L66 18.92 19.66 25 491.5 10000/1 c 227 16.00 16.56 25 414.1 
0 154 17.56 18.24 50 912.0 0 "' 14.73 15.36 50 768.1) 
E L42 16.89 16.88 75 1266 .o E L94 13.68 14.20 71 1065.0 
F LJ2 15.05 15.62 L25 1952.5 F 178 12.55 13.11 125 1638.8 
G 122 13.91 14.48 L25 1810.0 c L66 11.70 12.12 L25 1515 .li 
K LLl 12.77 13.34 125 1667.5 K L52 10.72 11.21 125 1401.2 
I L02 11.63 12.20 150 1830.0 I L40 Cl.87 10.30 150 1544.2 
J 92 10.49 11.06 240 2654.4 J L28 ... 02 Cl,44 240 2265.1\ 
K " 9.46 9.98 340 3393.2 • Ll7 !1.25 8.64 340 2<l37.6 
L 74 8. 44 8.95 240 2148.0 L L07 7.54 7.CIO 340 1894.~ 
M 44 5.02 6. 73 5l5 3533.2 M 93 6.56 7.05 525 3701.2 

' 25 2.85 3. 94 505 1989.7 N 82 5.78 6.16 505 3110.~ 
0 L2 1.37 2.11 535 1128.8 0 68 4. 79 5.28 535 2824,q 

( '60 X ) p 4 0.46 1.01 445 449.4 ( .60 X ) ' 27 1.90 3.63 445 1615.4 
(. 70 ' ) Q 0 o.o 0.)2 130 41.6 (. 70 X) Q 7 0.49 1.48 LJO 1<12.4 

Sum '" 25808.3 Sum " 27341.2 
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'lla.ble 26.--co.pleted coarputatioa abeeu for lst tlu'ee 6-hr iucr~ts for alteraate placeaent of 
)i&ttl!.1"a OD Leoll 1:1.ver 0 'r:l chaiuagl!.- Contiuued 

Increment: 1 " 3 

D'tainage: Leoo River TX Ar~: 3 660 1111 2 tate: 

I II III IV v VI I II III IV v VI 

"• .. ,. Avg • ""• .. ,. Avg. 
si~e Iso. N0111o. s.so deEth .. .v si:e Iso. Nomo. 3.66 deEth •A .v 

A 290 16.82 16.82 10 168.2 A 122 4.54 4.54 10 45.0 

• 271 15.72 16.26 15 243.9 • 120.5 4. 41 4.41'! 15 67.2 
15000/1 c "' 14.67 15.20 " 379.9 10000/2 c 117 4.28 4.34 25 108.5 

D "' 13.46 14.06 50 703.0 0 115 4.21 4.245 " 212.2 

' '" 12.41 12.94 75 970.5 ' 113 4.14 4.175 75 313.1 
F 196 11.37 11.89 125 1486.2 F Ill 4,06 4.10 125 512.5 
c 183 10.61 10.99 125 1373.8 c 109 3.99 4.025 125 501.1 
K "' 9.74 10.18 125 1272.5 • 107 3.92 3.96 125 4~4.4 

1 156 9.05 9.40 150 1410.0 1 105.5 3.86 3.89 150 583.5 
J 143 8.29 8.67 240 2080.8 J 104 ).81 ).1'14 240 920.5 
X 131 7.60 7.94 340 2699.6 K 102.5 3. 75 3.78 340 1BS.2 
L 120 6.99 7.30 240 1752.0 L 101 3.70 3. 72 240 8Q4 .o 
M 106 6.21 &.60 "' 34&5.0 M " 3.62 3.66 525 1'121.5 

' 94 5.45 5.83 505 2944.2 ' " 3.55 3. ~8 505 1810.4 
0 80 4.64 5.04 535 2696.4 0 " 3.48 3.52 535 11'!80.5 

( .60 X ) ' 65 3. 77 4.29 445 1909.0 ( .60 X ) ' 50 Ll'l3 2.1'12 44< 1254.9 
(. 70 X ) Q 18 1.04 2.95 130 383.5 (. 70 X ) Q 14 .51 1.43 130 185.9 

Sum .. 25938.5 Sum "' 12QQ2,4 
- - - -

""• "''. ""• Am<. 
she 3.96 si~e 3.50 

A lTl 4. 79 4.79 10 47.9 A 125 4.38 4.38 10 43.8 

• 117 4.63 4. 71 15 70.6 B 122 4.27 4.33 15 64.9 
4500/2 c 114 4.51 4.57 " 142.2 15000/2 c 119 4.17 4.22 25 105.5 

D llT 4.44 4.48 50 224.0 D 117 4.10 4.14 50 207.0 
E 109.5 4.34 4.39 75 329.2 E 115 4.03 4.07 75 305.0 
F 108 4.28 4.31 125 538.8 F 113 3. 96 4.00 125 500.0 
G 105.5 4.18 4.23 125 528.8 G 111 3.89 3.93 125 491.2 

• 103.5 4.10 4.14 125 517.5 • 109 3.82 3 .1'16 125 482.5 
l 102 4,04 4.07 150 610.5 l 107 3.75 ).79 150 561'1.5 
J 100.5 4.00 4.02 240 964.8 J 106 3. 71 3. 73 240 8'15.2 
X " 3.92 3.96 340 1346.4 K 10' 3.64 3.68 340 12Sl.2 
L 97 .s 3.86 3.89 240 933.5 ' 102. s 3. 59 ). 62 240 868.~ 
M 96 3.80 3.83 m 2010.8 " 101 3.54 3.57 525 1874.2 
N 59 2.34 3.07 505 1550.4 N 99 3,47 3. 51 505 1772.6 
0 " 1.54 1.94 535 1037.9 0 97 3.40 3 .44._ 535 1840.4 

( .60 X ) ' 17 0.67 1.19 '" 529.5 (.60 X) p 96 3.31\ 3.3!\ 445 15()4 .1 
(. 70 X ) Q 00 o.oo 0.47 130 51.1 (. 70 X ) Q 34 1.19 2.71 130 332.3 

Sum " 11416.1 '"• 13127.4 

A< a Am<. .,. "''. size 3.82 si:e 2. 58 
A 122 4.66 4.66 10 46.6 A 106 2. 73 2. 73 10 27 .3 
B 119 4.54 4.60 15 69.0 • 105 2. 72 2.72 15 40.8 

6500/2 c t15.5 4.41 4.48 25 112 .o 4500/3 c 104 2.68 2.695 25 67 .4 
0 113 4.32 4.36 50 218.0 0 103.1 2.66 2.~7 50 133.5 
E 111 4.24 4 .2!.1 75 321.0 E 102.1 2.63 2.645 75 1<18 .4 
F 109 4.16 4.20 125 525.0 F 101.7 2.&2 2.625 125 328.1 
G 107 4.08 4.12 125 515.0 G 101.2 2.61 2.615 125 326.9 
H 105 4.01 4.045 125 505.6 • 100.9 2.60 2.605 125 325.6 
I 104 3.97 3.99 150 598.5 l 100.6 2.60 2.60 150 390.0 
J 102 ).90 3.94 240 945.6 J 100.2 2. 59 2.595 240 622. ~ 
K 100.5 ).84 3.87 340 1315.8 K 99.9 2.58 2.585 340 87~.9 

' 99 3.78 3.81 240 914.4 ' 99.6 2.57 2.575 240 518.0 

' 97.5 ), 72 3. 75 525 1968.8 M 99.3 2.56 2.565 525 1)4;, .6 
N 95.5 3.65 3.68 505 1858.4 N 76 1.96 2.26 505 1141.3 
0 52.5 2.02 2.82 535 1508.7 ( .60 X ) 0 49 1.26 1.61 535 861.4 

( .60 X ) p 27.5 1.07 1.64 445 729.8 (. 70 X ) ' 21 o. 54 O,Q7 "' 431.6 
(. 70 X) Q 1.0 0.04 0.76 130 98 .s Q 0 o.oo 0.38 130 4q.4 

Sum " 12251.0 Surn • 77!'\f!.O 
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'lkhle 26.-<o.pleted ca.putatiOD. sheeu fo~ 1st three 6-b~ inetements for altertl8te placement of 
pLttem Oil Leoa liver, Tl: draiDage- Continued 

Increment: 3 1 

Dninage: Leon River TX Area: 3 660 llli 2 0!. te: 

I II III IV v VI 1 II III " v VI 
MU "''. Avg. ""5 "''" Avg. 
size Iso. Nomo. 2.48 deEth AA " size ho. ~omo. 7. 70 deeth AA ., 

A 106.4 2.64 2.64 10 26.4 A 247 18.98 18.98 10 189.8 
a 105.5 2.62 2.63 15 39.4 a 230 17.71 18.34 1l 275.1 

6500/3 c 104.5 2.59 2.605 25 65.1 8000/1 c 214 16.48 l7. to 25 427.5 
0 103.5 2.57 2.58 50 129.0 0 198 15.17 15.82 so 791.0 

' 102.5 2.54 2.555 75 191.6 ' 183 14.09 14.63 75 1097.2 

' 102 2.53 2.535 125 316.9 F 169 12.97 13.53 125 1691.2 
G 101.5 2.52 2.525 125 315.6 G 157 12.01 12.49 125 1561.2 

• 101.2 2.51 2.515 125 314.4 • 144 ll.09 n.ss 125 1443.8 
I 100.9 2.50 2.505 150 375.8 I 132 10.16 10.62 150 1593.0 
J 100.5 2.49 2.495 240 598.8 J 120 9.28 9. 72 240 2332 .a 
< 100.2 2.48 2.485 340 844.9 < 110 8.43 1L86 l40 3012.4 
L 99.8 2.48 2.48 240 595.2 L " 7.62 8.02 240 1924.8 

• 99.5 2.47 2.475 525 1299.4 ' 87 .<;.70 7.16 525 3759.0 

" 98.9 2.45 2.46 505 1242.3 N 75 S.IH 6.26 lOS 3161.3 
0 " 1.60 2.02 535 1080.7 " 5.31 5. 56 320 l77L7 

( .60 <) p 34.5 0.86 1.30 445 578.5 0 40 ).08 4.20 215 go3.o 
(. 70 X) Q l 0.02 0.61 130 79.3 ( .60 X ) p 18 1.39 2.40 441 111~8.11 

(. 70 X ) Q 4 O.H 1.07 130 t3<l .t 

•=. 8093.3 Sum • 27l4q,;, 

Area "''" ·"'a Amt. 
size 2.36 size 7 .) s 

A 106.8 2.52 2. 52 10 25.2 A 254 1g,67 tiL 6 7 10 ~86.7 

8 106 2. 50 2.51 15 37.6 ' 237 17.42 18.04 15 270.6 
10000/3 c lOS 2.48 2.49 25 62.2 9000/1 c 221 16.24 L?.83 " 420.,~ 

0 104 2.45 2.465 50 123.2: 0 203 14.92 ~5.58 50 779 .o 

' 102.8 2.43 2.44 75 18::!.0 ' 139 13.89 14.-'10 75 L080JJ 
F 102.4 2.42: 2.425 125 30).1 F 174 12.79 13.34 125 1667.5 
G 101.9 2.41 2.415 125 301.9 G 161 11.83 t2.3l ll5 LSJS.R 
H 101.6 2.40 2.405 125 300.6 H 148 10.88 11.36 125 1420.0 
1 101.3 2.39 2.395 150 359.2 1 136 10.00 10.44 150 1566.0 
J 100.9 2.38 2.385 240 572.4 J 124 9 .15 9.58 240 2299.2 
K 100.5 2.37 2.375 140 807.5 < lll 8.30 R.72 l40 2964.8 
L 100.2 2.36 2.365 240 567.6 L lOl 7. 57 7.94 240 !. "lOS .fi 

' '19.8 2.36 2.36 525 1239.0 ' 90 6.65 7.11 525 3712.8 
H 99.2 2.34 2.35 505 1186.8 ' " s. 77 6.21 505 3136.0 
0 98.7 2.33 2.335 5)5 1249.2 " 5 .I)Q 5.38 435 2340.3 

( .60 K ) p 59 1.37 1.95 445 867.8 0 51 3.75 4.38 100 438.1l 
(. 70 X) Q 18 0.42 1.08 130 140.4 ( .60 " ' 22 1.1'>2 2.<10 445 1290.5 

(. 70 X ) Q 5 0.37 t. 24 llO 16 t. 2 

•=. 8326.7 '=. 27197,R 

,,5 .. ,. A< a "''. gize 2.25 gize 6.40 
A 107.2 2.41 2.41 10 24.1 A 274 17.54 17.54 lO 175.4 

' 106.5 2.40 2.405 l5 36.1 ' 255 16.32 16.93 l5 254.<"1 
15000/3 c 105.5 2.37 2.385 25 59.6 12000/1 c 218 15.23 15.78 25 3<14.5 

0 104.4 2.35 2.36 50 118.0 0 219 14.02 14 .fi2 50 731.0 

' 103.3 2.32 2.335 75 175.1 ' 201 12.99 13. so 75 1012.5 
p 102.8 2.31 2.315 125 289.4 ' 186 11.90 12.44 125 1555.0 
c 102.3 2.30 2:.305 125 288.5 G 174 11.14 11.52 125 1440.0 

• 102 2.30 2.30 125 287 .s • 159 10.18 til. 66 125 1332.5 
I tOt. 7 2.2:9 2.295 150 344.2 l 147 9. 41 g, 80 150 1470.0 
J 101.2 2.28 2.285 240 548.4 J 115 8.64 9.02 240 2164.8 
< 100.8 2.27 2.275 340 773.5 < 123 7.87 8.26 340 2808.5 
L 100.5 2.26 2.265 240 543.6 L lll 7.23 7. 55 240 1812.0 
H 100.1 2.25 2.255 525 1183.9 ' 99 6.34 6.78 525 3559.5 
H 99.5 2.24 2.245 505 1133.7 H 87 5.57 5.91'> 505 3009.8 
0 99 2.23 2.235 535 1195.7 0 7l 4.?7 s. 12 535 2739.2 
p 78 2.21 2.22 445 987,'} 57 ... 29 ..... 8 220 <ISS .6 

( .60 " Q 42 o. 95 1.83 130 237.9 ( .60 X ) p 38 2 ... 3 3. 55 :25 798.8 
(. 70 X ) (. 70 X ) Q ll 0. 70 1.86 130 24l.8 

Sum '" 8226.7 Sum '" :61.84.~ 

1Jl 



1).ble 26.-co.pleteol coaputatioa ahM.ta fo>: lit thr" 6-br iuc:reMODts ror aluruate placemeat of 
p&ttent oo t.eoa 11Yel:', T:l dr:aiuase- Cou.tio.ued 

!<~.creme!it: 2 "' 
'Drainage: L•= River IX Area: 3,660 

.,, 
Date: 

I II III IV 0 " I II III IV ' " A<~ .. ,. Avg. "• .. ,. Avg • 
size !so. Noalo. 3.7.5 <IeEth .. ., si2e !so. NoiiiO• 2.41 depth ., ., 

A m 4.61 4.61 10 46.1 A 106.6 2 • .57 2.57 10 2.5.7 

• 120 4 • .50 4.56 15 68.4 • 10.5.7 2..5.5 2.~6 15 38.4 
8000/2 ' 116 • .5 4.37 4,44 " 110.~ 8000{3 ' 104.8 2.52 2 • .535 " 63.4 

0 114 4.28 4 • .32 so 216.0 0 103.7 2 • .50 2.51 so 125.5 

' 1U 4.20 4.24 15 318.0 ' 102.7 2.48 2.49 15 186.8 
F 100 4.12 4.16 "' 520.0 F 102.2 2.46 2.47 m 3011.11 

' 108 4.0.5 4.085 m H0.6 ' 101.7 2.4.5 2.455 !25 306.9 

• 106 3.98 4.015 125 501.9 • 101.4 2.44 2.445 m 305.6 
I 1J4,5 3.92 3.95 ISO 492.5 I 101.1 2.44 2.44 150 366.0 
J 103 3.86 3.89 240 933.6 J 100.7 2.43 2.435 '" 51!4.4 

' 101.5 3.81 3.835 3<0 1303.9 ' 100.3 2.42 2.425 3<0 824.5 
L 100 3.75 3.78 240 907.2 L 100 2.41 2.415 240 579.6 

• 98.5 3.69 3.72 "' 19.53.0 • 99.6 2.40 2.405 525 1262.6 

' " 3.60 3.63 505 1833.2 ' " 2.38 2.39 "' 121)7.0 

" 3.56 3.58 no U4S.6 99 2.38 2.38 no 761.6 
0 66 2.48 3.02 215 649.3 0 79 t. 90 2.14 215 460.1 

( .60 X) p " 1.39 2.04 "' 907 .a ( .60 X) p " LOB t .57 '" 59!! .6 
(. 70 " Q ' 0.22 1.04 130 135.2 (. 70 ' ) Q a 0.19 0.81 130 105.3 

,_. 12653.2 
,_ 8210.8 

A<& "''· M5 .. ,. 
gize 3. 70 dze 2.37 

A l23.5 4.57 4,57 10 45.7 A 106.7 z. 53 2. 53 " 2'i.3 

• 120 4.44 4.50 15 67 .s • 105.8 2. 51 2. 52 15 11 .a 
9000/2 ' 117 4.33 4.38 " 10"1 . .5 9000/3 ' 104."1 2.49 2. >o " ~2.3 

0 115 4.26 4.30 50 215.0 0 103-8 2.46 2.475 50 123 -~ 

' 113 4.18 4.24 " 318.0 ' 102.7 2.43 2.445 " 1-~3. 4 
F uo.s 4.09 4.135 125 516.9 F 102.3 2.42 2.425 125 301.1 
0 108.5 4.01 4.05 125 506.2 ' tOt.~ 2.41 2.415 125 30l.q 
R 106.5 ).94 ).975 12S 496.9 R 101.5 2.40 2.405 "' 300.6 
I 104.5 3.87 3.905 150 585.8 I 101.2 2.40 2.40 1<0 36•1,1) 
J 103.5 3-83 3.as 240 924,0 J 100.8 2.39 2.395 240 574.8 

' 102 3. 77 3.80 340 1292.0 ' 100.5 2.38 Z.38S 140 310.9 
L 1oo.s ). 72 3.745 HO 898.8 L 100 2.37 2. 37 5 2'0 570.0 
R " 3.66 ).69 "' 1937.2 ' 99.7 2.36 2.365 m 1241.6 

' " 3.59 J.S2.5 505 18)0.6 ' 99.1 2 .3.5 2.3 55 505 tt8<l.3 
95 3.52 3. 56 "' 1548.6 " 2.35 2.35 "' 1022.2 

0 " 2.92 3.22 100 322.0 0 " 2.08 2.215 100 221.5 
( .60 ') p " t. 59 2.39 "' 1063.6 ( .60 ' ) 

p " 1.23 l. 74 "' 774.3 
(. 70 ' ) Q 10 0.37 1.22 130 158.6 (.70 X) Q 12 0.28 0.94 130 122 ·2 •, 

,_. 12836.9 
,_ 5225.2 

"M "''. M5 ..,. 
aize 3.58 ~ize 2.30 

A 124.5 4.46 4.46 10 44.6 ' 107 2.46 2.46 10 24.6 

• 121 4.33 4.40 IS 66.0 ' 106.2 2.44 2. 4 5 lS 36.8 
12000/2 ' 110 4.22 4.28 IS 107 .o 12000/3 ' LOS.) 1.42 2.43 I5 60.8 

0 116 4.15 4.16 so 209.0 0 104.2 2.40 2-41 50 121'1.5 

' 114 4.08 4.12 " 309.0 ' 103.0 2.37 2.385 " 178. q 

' 112 4.01 4.04 125 505.0 F 102.6 2.36 2.36~ "' 2Q5,6 
0 no 3.94 3.98 125 497.5 0 102.1 2.35 2.355 "' 294.4 

' 108 3.87 3.90 125 487 .s ' 101.8 2.34 2.345 liS 2Q),1 
I 106.5 ).81 3.84 150 576,0 I 101.5 2.33 2.335 150 350.2 
J 105 3. 76 3. 78 240 907.2 J 101 2.32 2.325 240 ~~~-0 

' 103 3.69 ).72 340 1264.8 ' 100.7 2.32 2.32 340 78!3.~ 

L 102 3.65 3.67 too 880.8 L 11'l0.3 2.31 2.315 240 555.6 
R 100 3-58 3.62 SIS 1900.5 ' 9"1.9 2.30 2.305 SIS t210.1 

' 98 3.50 3.54 "' 1787.7 ' 99.3 2.28 2.29 505 tt ~fi.4 
0 " 3.44 3.47 535 1856.4 0 98.8 2.27 2.275 535 1217.1 

" 3.40 3.42 220 752.4 98.3 2.26 2.265 220 498.3 
( .60 ') ' 64 2.29 2.96 "' 666.0 ( .60 ' p 71.5 1.54 2.01 I25 452.2 
(. 70 " Q 21 0. 75 1.83 130 237.9 (.70 ' Q 27.5 0.63 t. 34 DO 174.2 

,_. 13055.3 ,_. 8265.6 
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In view of this result, and considering the elongated shlpe of 
the drainage, greater volume might have been obtained had the 
pattern in figure 49 been centered at one of the fatter parts of 
the drainage. By doing so, it appears possible that the H 
isohyet could be totally enclosed in the drainage when compared 
with the F isohyet as placed in figure 49. However, there would 
be proportionately lower volumes contributed from the rest of 
the drainage. 

We will not carry this example beyond this point, as to do so would repeat the 
procedure demonstrated in example la. The objective of this example has been to 
show that, particularly for a long drainage, alignment of the isohyetal pattern 
(isohyets reduced for orientation) with the drainage axis will generally give 
greater volume than will a non-aligned pattern of unreduced isohyets. 

7.4 E3ample No. 2a 

The second example describes the effect of a drainage-centered pattern vs. a 
pattern placement tha. t my be considered for obtaining peak discharge, A1 so 
considered in this example will be the evaluation of subdrainages. 

For this example we chose the ~chita River, Arkansas, above Renne! IBm, a 
drainage encompassing about 1,600 mi • The drainage outline drawn to a wp scale 
of 1:1,000,000 is shown in figure SO and includes four typical subdrainages. The 
areas within the four subdrainages are: 

1. Above Pine Ridge 
2. Between Pine Ridge and Washita 
3. Between Washita and Blakely Mt. Dam 
4. Between Blakely Mt. ram and Renne! fum 

Area (mi 2) 
300 
278 
604 
418 

As in example 1a we will concern ourselves with determining the storm area sizz 
of the IMP pattern tMt provides the mximum volume within the entire 1,600 mi 
drainage. 

The following steps correspond to those outlined in section 7.1. 

Al. The drainage center for the Ouachita River above Renne! Dam 
is roughly 34°36'N, 93°27'W. At this location, the 
following table of values is obtained from figures 18 
through 42 of HMR No. 51. 
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0 ' 

+ 

SCALf 1: 1,000,000 

+34 • 

••• 

+Js• 
93" 

RENNEL 
DAM 

Figure 50.---<hachita River, AI. (1,600 m 2 ) above Rennel na. showing drainage. 

Area (mi z) 
10 

200 
1000 
5000 

10000 

6 
3o.o 
22.2 
16.3 

9.5 
7.3 

Duration (hr) 

lZ 
35.9 
27.0 
n.o 
13.5 
10.7 

24 
40.6 
31.2 
25.3 
17 0 7 
14.0 

48 
44.6 
34.7 
29.0 
21.6 
18.0 

72 
47.1 
37.7 
3l.Z 
Z4.2 
20.8 

A2. The storm-area averaged PMP depths in step Al are plotted in 
figure 51 and smooth curves drawn. Notice that to obtain a 
consistent set of curves, it has not been possible to draw 
through all the data points. 
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Figure 51.-Depch-area.-dw:ation curves for 34.36 1 N~ 93°27 1 \1 applicable Co che 
<hachita Rl.ver AR.~ drai:oage. 

A3. From. figure 51 we read off the data for at least 4 standard 
isohyet area sizes larger and smaller than the area of the 
drainage. We tave chosen the areas in the following table. 

Duration (hr) 

Area (mi 2) 6 12 24 48 72 
45o 19.3 24.0 28.2 31.2 34.3 
700 17.7 22.3 26.3 29.5 32.6 

1000 16.3 20.8 24.9 28.0 31.1 
1500 14.7 19.1 23.1 26.4 29.4 
2150 13.3 17.5 21.5 24.8 27.8 
3000 12.0 16.0 20.0 23.4 26.4 
4500 10.4 14.2 18.2 21.5 24.6 
6500 8.9 12.6 16.5 19.8 23.0 
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~~~~--~,~"-~~,~,"-~~~,.~"-~~,~."-~~~,~o~"-~~,~,"-~~~.~,~~"-~.~.~~~"7,~.~~ 

DURATION (hr) 

Figure 52~-De.pth-dumtion curves for selected ares sizes at 34°36'N. 93°27'W~ 

A4. A smooth depth-duration curve is drawn for each of the eight 
area sizes listed in step A3, as shown in figure 52. From 
these curves, values are interpolated for 18-hr durations. 

450 
700 

1000 
1500 
2150 
3000 
4500 
6500 

18-hr 
Duration 

26.5 
24.9 
23.2 
21.6 
20.0 
18.6 
16.8 
15.2 

AS. Incremental differences are obtained for the 1st three 6-hr 
peri ads through subtraction of successive 6-hr values. 
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c. 

6-hr periods 
Area (mi 2) 1 2 3 

19.3 4.7 450 2.5 
700 17.7 4.6 2.6 

1000 16.3 4.5 2.4 
1500 14.7 4.4 2.5 
2150 13.3 4.4 2.5 
3000 12.0 4.0 2.6 
4500 10.4 3.8 2.6 
6500 8.9 3.7 2.6 

These values should then be plotted and fit by smooth curves 
as demonstrated in figure 53. The results from this figure 
provide smooth incremental values read to hundredths. 

450 
700 

1000 
1500 
2150 
3000 
4500 
6500 

6-hr 
1 

19.32 
17.70 
16.34 
14.79 
13.40 
12.05 
10.35 

8.80 

periods 
2 

4.73 
4.63 
4.51 
4.36 
4.21 
4.05 
3.86 
3.67 

3 
2.54 
2.54 
2.54 
2.54 
2.53 
2.52 
2.51 
2.50 

Note that within each column, the 
values consistently decrease as com
pared to the unsmoothed values. 

Bl. The isohyetal I»ttern from figure 5 is placed over the 
drainage outline drawn to a scale of 1:1,000,000 as shown in 
figure 54. It r.es judged that the best fit of the isohyetal 
pattern WlS to enclose the H isohyet by the drainage 
outline. 

B2. For the isohyetal pattern placement in figure 54, the 
orientation is 095°· Since this orientation does not fall 
between the specified range of 135° and 315°, we add 180° to 
get an orientation of 275° (effectively the other end of 
the orientation line). 

B3. From figure 8, the orientation for R1P at 34°36'N, 93°27'W 
is about 235°. The difference between the orientation of 
the I»ttern laid over the drainage and that of R1P from 
figure 8 is 40°. On the ba.sis of the model shown in figure 
10, no adjustment need be !lllde to the values in step A5. 

B4. This step is skipped as no reduction is required. 

Now we can determine 
pattern areas given in 
using the form provided 

the ItBximum volume for tMP isohyetal 
step AS. This computation is performed 
in figure 41 and is completed for the 
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LEGEND 

G> <Z> CD- 1st 6-hr Increment 
• " ®-2nd 6-hr Increment 

• ' @- 3rd 6-hr Increment 

• .s 
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Figure 53.--Smoothing curves for 6-hr incre•ental values at selected area sizes for Ouachita River, AR drainage. 



ORIENTATION 

095°/275° 
+ 

-- --" 
+ 

---- ----------

0 ' " 20 30 

MILES 
SC,&,LE 1:1,000,000 

Figure 54.-Isohyetal pat.t.ern placed 
'liB xi mum pr eci pi. r.a t.i. on volwae. • 

1st 6-hr incremental period as 
steps outlined in section 7.1c. 

on the Ouachita River, AR drainage to give 

shown in table 27, following the 

In this computation, it r,es decided that the average depth of 
rainfall over the small portion of the drainage between i sohyets 
L and M W!S insignificant to the volume computation, and 
therefore only the volume within the L isohyet has been 
determined. 

Following the computation through the 1st 6-hr Pfriod, we find 
volumes that range between 19,000 and 22,000 mi -in. with the 
!J8rlmum between 1,500 and 2,150 m1 2 • When computing the 2nd and 
3rd 6-hr increments, we can narrow in

2
on the range of areas to 

those areas between 1,000 and 4,500 mi (table 27). The results 
from SUlllDl\tion of the incremental volumes at correspondiUf area 
sizes indicates that the n:arlmum volume occurs at 2,150 mi • 

139 



'Jable 27.--co.pleted C:OI!Iputation. sheets for lat three 6-hr increa~ents for Ouachita River, AR drainage 

Increment: 1 

Dninage: Oll!l.chita River, AR Area: 1,600 m 2 J:a te: 

I II III IV v VI I II III IV v VI 
Aru Amr. Avg. Aru Amr. Avg. 
si:~:e !so. Nomo. 19.32 depth .. AV size Iso. N0111.o. 14.79 depth AA AV 

A 132 25 .so 25.50 10 255.0 A 162 23.88 23.88 10 238.8 
8 124 23.96 24.73 15 371.0 8 152 22.40 23.14 15 347.1 

450/1 c 116 22.41 23.18 25 579.6 1500/1 c 142 20.93 21.66 25 541.5 
D 108 20.87 21.64 so 1082.0 0 132 19.52 20.22 so 1011,0 
E 101 19.52 20.20 75 1515.0 E 122 18.04 18.78 75 1408.5 
F ;3 17.97 18.74 125 2342.5 F 112 16.51 17.21'! 125 2160.0 
G 86 16.62 17.30 150 2593.0 G lOS 15.53 16.02 150 2403.0 
H 63 12.17 14.90 250 3725.0 R 96 14.15 24.84 250 3710.0 
I so 9.66 10.92 242 2642.6 I 88 13.02 13.59 242 328R.R 
J 38 7.34 8.50 242 2057.0 J 80 11.79 12.40 242 3000.8 
K 30 s.ao 6.57 224 1471.7 K 56 8.25 10.02 224 2244.5 
L 23 4.44 5.12 192 983.0 L 41 6.06 7.16 1'2 1374.7 

'=. 19617.4 Sum ,. i172~. 7 

Aru Amr. Ars Amr. 
size 17.70 size 13.40 

A 140 24.78 24.78 10 247.8 A 176 23.58 23.58 10 235.8 
3 132 23.36 24.12 15 361.8 B 165 22 .11 22.84 15 342.6 

700/l c 124 21.95 22.66 25 566.5 2150/1 c 154 20.64 21.38 25 534.5 
0 11S 20.36 21.16 50 1058 .o 0 142 19.03 19.84 so 992.0 
E 107 18.94 19.65 75 1473.8 ' 131 17.55 18.29 75 1371.!'1 
F 98 17.35 18.14 l2S 2267.5 F 122 16.35 16.05 125 2006.2 
G 92 16.28 16.82 150 2523.0 G 113 15.14 15.74 150 2361.0 
H 84 14.87 15.58 250 3895.0 H 103 13.80 14.47 250 3617 ·5 
I 63 11.15 13.01 242 3148.4 I 95 12.73 13.26 242 3208.CI 
J 48 8.so 9.82 242 2376.4 J 86 11.52 12.12 242 2933.0 
K 36 6.37 7.44 224 1666.6 K 77 10.32 10.92 224 2446.1 
L 27 4.78 5.58 192 1071.4 L 52 5.97 fl. 64 192 165.<:1.9 

Sum "' 20656.2 Sum "' 21708.3 

Ars Amr. Ar~ Amr. 
size 16.34 size 12.05 

•. A 149 24.35 24.35 10 243.5 A 191 23.02 23.02 10 230.2 
B 140 22.88 23.58 15 353.7 B 179 21.57 22.10 15 314.5 

1000/1 c 131 21.41 22.12 25 553.0 3000/l c 166 20.00 20.78 25 51 Cl. s 
0 122 19.93 20.67 50 1033.5 D 154 1fl.56 111.28 50 91'i4.0 
E 113 18.46 19.20 75 1440.0 E 142 17 .11 17.fl4 75 133!'! .o 
F 104 16.99 17.72 125 2215.0 F 132 15.91 16. 51 125 2063.8 
G 97 15.85 16.42 150 2463.0 G 122 14.70 15.30 150 2295 .o 
H 89 14.54 15.20 250 3800.0 " 112 13.50 14.10 250 3525.0 
I 82 13.40 13.97 242 3380.7 I 102 12.2Q 12.'10 242 3121.8 
J 60 9.80 11.60 242 2807.2 J 92 ll.OC! ll. 6C! 242 282t1,() 
K. 44 7.19 8.50 224 1904.0 K 83 9.88 10.48 224 2347.5 
L 32 5.23 6.21 192 1192.3 L 74 8.92 C!,40 192 1804.8 

'=. 21385.9 Sum • 21373.1 
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'Dt. ble 27 .-c0111plet:ed coaputation sheets for 1st three 6-br increments for Ouachita River, AR dm.inage 
- Continued 

Increment: 1, 2 

Drainage: Ouachita River AR Area: 1,600 mi 2 
!Ate: 

I II III IV v VI I II III IV v VI 
Ars ""'-· Avg. Ars ''". Avg. 
size Is a. Noma. 10.35 de:eth •A .v size Is a. Nomo. 4.36 de:eth •A .v 

A 212 21.94 21.94 10 219.4 A 117 5.10 5.10 10 51.0 

' 198 20.49 21.22 15 318.3 ' 113 4. 93 5.02 15 74.2 
4500/1 c 184 19.04 19.76 25 494.0 1500/2 c 110 4.80 4.87 25 121.8 

D 170 17.60 18.32 so 916.0 D 107 4.67 4. 74 50 237.0 

' 157 16.25 16.92 75 1269.0 ' 105 4.58 4.63 75 347.2 
F 146 15.11 15.68 125 1960.0 F 103 4.49 4. 54 125 567.5 
G 135 13.97 14.54 150 2181.0 c 100.5 4.38 4.44 150 666.0 
H 124 12.83 13.40 250 3350.0 H " 4.32 4.35 250 1087. 5 
I 113 11.70 12.26 242 2966.9 I 97 4.23 4.28 242 1035.8 
J 103 10.66 11.18 242 2705.6 J 95.5 4.Hi 4.20 242 1016.4 
K 93 9.63 10.14 224 2271.4 K 75.5 ].2CI 3. 73 224 835.5 
L 83 8.59 9.11 192 1749.1 L 60 2.62 2.96 "' 568.3 

Sum ,. 20409.7 Sum "" 6608.2 

,,~ Amt. MS Amt. 
size 8.80 size 4.21 

A 233 20.50 20.50 10 205.0 A us. 5 4.CI9 4.99 1-1 4<LCI 

' 218 19.18 19.84 15 297.6 B 114.5 4.82 4.91 15 73.7 
6500/1 c 203 17.86 18.52 25 463.0 2159/2 c lll 4.67 4.75 z; 118. R 

0 1B7 16.46 l7 .16 50 858.0 0 108.5 4.57 4.62 50 231.0 
E 174 15.31 15.88 75 1191.0 E 106.5 4.48 4. 'i3 75 J3':'.8 
F 160 14.08 14.70 125 1837 .s F 104.5 4.40 4.44 125 55 5.0 
G 148 13.02 13.55 150 2032.5 G 102 4. 29 4.35 150 652.5 
H 137 12.06 12.54 250 3135.0 H 100 4.21 4.25 250 1062.5 
I 125 ll.OO u. 53 242 2790.3 I 98.5 4.15 4.18 242 1011.1; 
J 113 9.94 10.47 242 2533.7 J 97 3.08 4.12 242 997.0 
K 103 9.06 9.50 224 2128.0 K 95 4.00 4.04 224 CJ04. q 

L 93 8.18 8.62 192 1655.0 L 73 3.07 3.54 192 6 79.7 

Sum "' 19126.6 Sum = 6676.4 
- - -

"~ Amt. "s Amt. 
size 4.51 size 4.05 

A 116 5.23 5.23 10 52.3 A 119 .s 4.84 4.84 10 4!L4 
8 112 5.05 5.14 15 77.1 8 116 4. 70 4. 77 15 71.6 

1000/2 c 108.5 4.89 4. 97 25 124.3 3000/2 c 112.5 4.56 4.63 25 115 .8 
D 105 4.74 4.82 50 241.0 0 110 4.46 4. 51 50 225.5 
E 103 4.65 4. 70 75 352.5 E 108 4.37 4.42 75 331.5 
F 101 4. 56 4.61 125 576.2 F 106 4.29 4.33 125 541.1 
G " 4.46 4. 51 150 676 .s G 104 4.21 4.25 150 617.5 
H 97 4 • .37 4.42 250 1105.0 H 102 4.13 4.17 250 tn42.1 
I 95 4.28 4.33 242 1047.CJ I 100 4.05 4.0'l 242 9~9.8 

J 76 3.43 3.86 242 934.1 J " 4.1)1 4.03 242 Cl75.3 
K 63 2.48 3.14 224 703.4 K 97 3 .93 3.<l7 224 88CJ. 3 
L 51 2 • .30 2.57 192 493.4 L " 3.89 3.91 "' 7 so. 7 

s~. 6.38.3. 7 S= = 661CJ.2 
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'Dil ble 27 .-<:oliiPleted computation sheets for 1st three 6-br increments for Ouachita ltl. ver, AR dminage 
- Continued 

Increment: 2, 3 

Drainage: Ouacbi ta River, AR Area: 1,600 llli 2 tate: 

I II III IV v VI I II III IV v VI 
Ma Am<. Avg. Ar"' Am<. Avg. 
size Iso. Nomo. 3.86 dep;th ~A 6V size Iso. Nomo. 2.53 deEth ~A ~v 

A l2l 4.67 4.67 lO 46.7 A 105.3 2.66 2.66 10 26 ,fi 
B 117 4.52 4.60 15 68.9 B 104.2 2.64 2.65 15 39.8 

4500/2 c 114 4.40 4.46 25 111.5 2150/3 c 103.2 2.61 2.625 25 65.6 
D 112 4.32 4.36 50 21A.O D 102 2. 58 2. 595 50 129.8 
E 109.5 4.23 4.28 75 321.0 ' 101.3 2. 56 2.57 75 192.8 
F 108 4.17 4.20 125 525.0 F 101 2. 56 2.56 125 320.0 
G 105.5 4.07 4.12 150 618.0 G 100.6 2.54 2.55 150 382.5 

• 103.5 4.00 4.04 250 1010.0 R 100.3 2. 54 2.54 250 635 .o 
I 102 3.94 3.97 242 960.7 I 100 2.52 2. 53 242 612-1 
J 100.5 3.88 3.91 242 946.2 J 99.7 2.52 2. 52 242 609.8 
K 99 3.82 3.85 224 862.4 K 99.5 2.52 2.525 224 56 5-6 
L 97.5 3.76 3.79 192 727.7 L 80. s 2.04 2.28 192 437.8 

s~. 6416.1 Sum .. 4017.6 

.,m "''· Arm "'" size 2.54 size 2.51 
A 104.6 2-66 2.66 10 26.6 A 105.7 2.65 2. 65 10 26.5 

' 103.3 2.62 2.64 15 39.6 ' 104.6 2.63 2.64 15 39.6 
1000/3 c 102.3 2.60 z. 51 25 65.3 3000/3 c 103. 5 2.50 2.62 25 65 ,I~ 

0 101.3 2.57 2.59 50 129.5 0 102.5 2. 57 2.59 50 129.5 

' 100.6 2.56 2.57 75 192.8 ' 101.7 2. 55 2.56 75 1 C!2. 0 

' 100.3 2-55 2. 56 125 320.0 F 101.3 2.54 2.55 125 31!3.>! 
G 99.9 2. 54 2.55 150 382.5 G 100.9 2.53 2.54 150 31'!1.!) 
R 99.6 2 .SJ 2.54 250 63 5 .o R 100.5 2.52 2.53 250 632.5 
l 99.3 2. 52 2.53 242 612.3 l 100.2 2.52 2.52 142 609.3 
J 82.5 2.10 2.31 242 559.0 J 99,q 2. 51 2. 52 242 6Qq,8 
K 67 1.70 1. 90 224 425.6 K 99.6 2.50 2.51 224 562.2 
L 54 1.37 1.54 192 295.7 L 99.2 2.49 2.50 192 480.0 

SU!ll ,. 3683.9 Sum .. 4046.8 ·. 
Arm "''· ""' Am<. 
size 2. 54 size 2. 51 

A 105 2.67 2.67 10 26.7 A 106 2.66 2.66 10 26.5 
B 103.8 2.54 2.56 15 39.8 ' 105 2. 64 2. 65 15 39.8 

1500/3 c 102.7 2.61 2.53 25 55.8 4500/3 c 104 2.61 2. 53 25 65.8 
0 101.7 2. 58 2. 50 50 130.0 0 103.1 2.59 2.60 50 1.10. 0 
E 101.0 2.57 2.58 75 193.5 ' 102.1 2. 56 2.58 75 1':J3.5 
F 100.7 2. 56 2.57 125 321.2 F 101.7 2.55 2. 56 125 320.0 
G 100.3 2.55 2.56 150 384.0 G 101.2 2.54 2.55 150 382.5 
R 100 2. 54 2. 55 250 637.5 H 100.9 2.53 2. 54 250 635 .o 
I 99.7 2.53 2. 535 242 613.5 I 100.6 2.53 2. 53 242 fil 2. 3 
J 99.4 2.52 2. 525 242 611.0 J 100.2 2. 52 2. 53 242 612.3 
K 81 2.06 2.29 224 513 .o K <J9.<J 2.51 2. 52 224 564.5 
L 65.5 1. 66 l. 86 192 357.1 L 99.6 2.50 2.51 102 481. q 

s~. 3893 .l s~. 4064.2 

- - - - - - - - - - - - - - - -
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'Ill ble 27 .--co.pleted computat:ion sheeta for 1st three 6-br increments for Ouachita Rlver, AR draiDage 
- Continued 

Increment: 1, ' 
Drainage: Ouachita River, AR Area: 1 600 lll1 2 rate: 

I II III IV v VI I II III IV v VI 
Aru "'" Avg. A<u Amt. Avg. 
size Iso. Nomo. 14.30 depth ~A 4V size Iso. -0· 4.30 depth 4A •V 

A 167 23.88 23.88 10 238.8 A 117 .s s.os 5.05 10 so. 5 
B 156 22.31 23.10 15 346.4 B 114 4.90 4. 98 15 74.6 

1700/1 c 145 20.74 21.52 25 538 .l 1700/2 c 110.5 4.75 4.83 25 120.8 
D 135 19.30 20.02 50 1001.0 D 107.5 4.62 4.69 50 234.5 

' 125 17.88 18.59 75 1394.2 E 105 4.52 4.57 75 342.8 
F 116 16.59 17.24 125 2155.0 F 103.5 4.45 4.49 125 561.2 
G 107 15.30 15.94 150 2391.0 G 101 4.34 4.40 150 660.0 
H " 14.01 14.52 250 3630.0 H 99 4.26 4.30 250 1075.0 
I 91 13.01 13.51 242 3269.4 I 97 4.17 4.22 242 1021.2 
J B2 11.73 12.37 242 2993.5 J 96 4.13 4.15 242 1004.3 

79 11.30 11.52 87 1002.2 95.5 4.10 4.12 87 358.4 
K 62 8.87 10.08 137 1381.0 K 80 3.44 3. 77 137 516 .s 
L 44 6.29 7.58 192 1455.4 L 64 2.74 3.07 192 589 .4 

Sum .. 21796.0 Sum .. 660'L2 

A<U Amt. A<u Amt. 
size 13.85 liize 4.25 

A 171 23.68 23.68 10 236 .a A 118 5.02 5.02 10 51). 2 
B 160 22.16 22.92 15 343.8 B 116 4. 93 4.98 15 74.6 

1900/1 c 149 20.64 21.40 25 535 .o 1900/2 c 111 4.72 4.83 25 120.8 
0 138 19.11 19.88 50 994.0 D lOB 4. 59 4. 66 so 233.0 
E 12B 17.73 18.42 75 1381.5 E 106 4.51 4.5 75 341.3 
F 118 16.34 17.03 125 2128.8 F 104 4.42 4.4 7 125 558.8 
G 110 15.24 15.79 150 2368.5 G 102 4.34 4.38 150 657 .o 
• 100 13.85 14.54 250 3635.0 H 100 4.25 4.30 250 1075.0 
I 93 12.88 13.36 242 3233.1 I " 4.17 4 .21 242 1018.8 
J 84 11.63 12.26 242 2966.9 J 96.6 4.10 4.14 242 1001.9 

78 10.80 11.22 144 1615.7 95.5 4.06 4.08 144 587.5 
K 68 9.42 10.11 80 808.8 K 86 3. 66 3.86 80 308.8 
L 48 6.65 8.04 192 1543.7 L " 2.87 3.28 192 629.8 

Sum • 21791.6 Sum- 6657.5 

A<U "'" A<u Amt. 
size 12.94 size 4.15 

A 181 23.42 23.42 10 234.2 A 119 4.94 4.94 to 49.4 
B 169 21.87 22.64 15 339.6 B 115 4. 77 4.86 15 72.8 

2400/1 c 158 20.44 21.16 25 528.9 2400/2 c 112 4.65 4.71 25 117 .8 
D 146 18.89 19.66 50 983.0 D 109 4.52 4. Stl 50 229.3 
E 134 17.34 18.12 75 1359.0 E 107 4.44 4.48 75 336 ,I") 

F 125 16.18 16.76 125 2095.0 F 105 4.36 4.40 125 S'iO.O 
G 116 15.01 15.60 150 2340.0 G 103 4.27 4.32 150 647.3 
H 106 13.72 14.36 250 3590.0 • 101 4.19 4.23 250 1057.5 
I 97 12.55 13.14 242 3179.9 I 99 4.11 4.15 242 1004.3 
J 88 11.39 11.97 242 2896.7 J 97.5 4.05 4.08 242 987.4 
K 79 10.22 10.77 224 2412.5 K 96.5 4.00 4.025 224 901.6 

76 9.83 10.80 70 756 .o 96 3.98 3. 9';1 70 279.3 
L 58 7.50 8.67 122 1057.7 L 78 3.24 3.51 122 440.4 

sum '" 21772.5 Sut:~ = 6613.1 

- - -- - - - -
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'Ill ble 27 .-co-.pleted computation sheets for 1st three 6-hr-increments for Ouachita ltlver, AR draimge 
- Continued 

Increment: 3 

Dninage: Ouachita River AR Area: 1,600mi 2 r:::a te: 

I II III IV v VI I II III IV v VI 
Ar5 .. ,. Avg. Are Am<. Avg. 
size Iso. -'· 2.54 depth •• •v size Iso. Nomo. depth 4A •v 

A lOS .1 2.67 2.67 10 26.7 
B 104 2.64 2.66 15 39.8 

1700/3 c 102.8 2.61 2.63 25 65.8 
D 101.9 2.59 2.60 50 1:30.0 

' 101.1 2.57 2.58 75 193.5 
F 100.7 2.56 2. 57 125 321.2 
G 100.4 2.55 2.56 150 384.0 
H 100 2.54 z. 55 250 637.5 
I 99.7 2.53 2.54 242 614.7 
J 99.5 2.53 2.53 242 612.3 

99.3 2.52 2.525 87 219.7 
K 86 2.18 2.35 137 322.0 
L 70 1. 78 1.98 192 380.2 

sum • 3947.4 

Are Am,. 
size 2.53 

A 105.2 2.66 2.66 10 26.6 
B 104.1 2.63 2. 65 15 39.7 

1900/3 c 103 2.61 2.62 25 65.5 
D 102 2. 58 2.60 50 130.0 

' 101.2 2.56 2.57 " 192.8 
F 100.8 2. 55 2.56 125 :320.0 
G 100.5 2.54 2.55 150 382.5 
R 100.2 2.54 2.54 250 635.0 
I 99.8 2.52 2.53 242 612.3 
J 99.6 2.52 2.52 242 609.8 

99.4 2. 51 2.525 144 363.4 
K 92 2.33 2.42 80 193.6 
L 75 1.90 2.12 192 407.0 

sum .. 3978.2 .. 
Ars Am<. 
size z. 52 

A 105.4 2.66 2.66 10 26.6 
B 104.3 2.63 2.65 15 39.7 

2400/3 c 103.3 2.60 2.62 25 65.4 
D 102.3 2. 58 2.59 50 129.5 

' 101.5 2.56 2. 57 75 192.8 
F 101 2.55 2.56 125 320.0 
G 100.7 2.54 2.55 150 382.5 
R 100.3 2.53 2.54 250 635.0 
I 100 2. 52 2.53 242 612.3 
J 99 .a 2.51 2. 52 242 609.8 
K 99.4 2.50 2.51 224 562 .z 

99.3 2.50 2.50 70 175.0 
L 86 2.17 2.34 122 za5.5 

Sum '" 4036.3 
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Figure 55.-Volu:.e vs. area curve for 1st three 6-hr increments for Ouachita 
River~ All drainage. 

As recommended in the procedure, we should compute
2 

V'Olumes for 
supplemental a rea sizes on either side of 2,150 mi. • We chose 
1,700, 1,900 and 2,400 mi 2 (see table 27 for computations). 
Supplemental isohyets for these three area sizes have been added 
to figure 54 as the dotted isohyets. The additional 
computations result in the conclusion tha. t the 1, 900-m;.,/ a rea 
pattern provides the greatest volume (about 32,400 mi. -in.), 
(See the dashed line in figure 55.) 

Dl. For an area. size of 1,900 mi 2 , it is necessary to return to 
figure 51 and read off depth-duration values as follows: 

Duration (hr) 

6 12 24 48 72 

1,900 mi 2 

PMP (in.) 13.8 18.1 22.1 25.4 28.1 
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1,9oo-mt 2 

Plotting these data on a linear depth-duration diagram, we 
read off the following 6-hr values. 

6 12 18 24 30 
Duration 

36 
(hr) 
42 48 54 60 66 72 

PMP (in.) 13.8 18.1 20.5 22.1 23.1 23.9 24.6 25.4 26.1 26.8 27.4 28.0 

D2. Subtract the 6-hr 
12-hr from the 
values. 

1 2 3 

value 
18-hr, 

4 

in step Dl 
etc., to 

from 
get 

the 12-hr value, the 
the 12 incremental 

6-hr peri ads 
5 6 7 8 9 10 

Inc rem. 
PMP(in.) 13.8 4.3 2.4 1.6 1.0 0.8 o. 7 0.8 o. 7 0. 7 

Inc rem. 

Now the values for the 1st three increments can be replaced 
by the smoothed values obtained from figure 53, read to 
hundreths. Note, that to IIBintain a consistently decreasing 
set of values with increasing period it is necessary to 
interchange the incremental values for the 7th and 8th 
period to get a final smooth set of depth-duration values 
of: 

6-hr periods 
1 2 3 4 5 6 7 8 9 10 

11 12 

0.6 0.6 

11 12 

PMP(in.) 13.85 4.25 2.53 1.60 1.00 0.80 0.80 0.70 0.70 0.70 0.60 0.60 

03. 

04. 

Drainage 
avg. R1P 

(in.) 

Form the natrix of isohyet values shown in table 28 by 

::!~~:~:~:; ~:; ~:~o~-~ 2vaf~:: it~esttspt 0:-::m~~m~:;a! 6 ~ii:~ 
16), the jnd 6-qr value in step 02 times the percentages for 
1,900 mi from· figure 18, etc., and each of the fourth 
through 12th 6-hr values times the percentages from figure 
20. 

Incremental averag1 depths for the Ouachita River drainage 
with the 1,900-mi H1P storm pattern placed as shown in 
figure 54 can be obtained using the incremental isohyetal 
labels in step 03 and the 6-hr incremental depths from step 
02, as ws done for example la. These results (computations 
shown in table 29) are, 

6-hr periods 
1 2 3 4 5 6 7 8 9 10 

13.62 4.16 2.49 1.55 0.98 0.78 0.78 0.68 0.68 0.68 
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'lkble 28.-Isohyet: 'lalues (in.), Ouachita River, AR, for example 2a 

6-hr periods 
(Isohyet) 1 2 3 4 5 6 7 8 9 10 11 12 

A 23.68 5.02 2.66 1.60 1.00 0.80 o.8o 0.70 0.70 o. 70 0.60 0.60 
B 22.16 4.93 2.63 1.60 1.00 0.80 o.8o o. 70 o. 70 0.70 0.60 0.60 
c 20.64 4.72 2.61 1.60 1.00 0.80 o.8o 0.70 0.70 0.70 0.60 0.60 
D 19.18 4.59 2.58 1.60 1.00 0.80 o.8o 0. 70 o. 70 0.70 0.60 0.60 
E 17.73 4.51 2.56 1.60 1.00 0.80 o.8o 0.70 o. 70 0.70 0.60 0.60 
F 16.41 4.42 2.55 1.60 1.00 0.80 0.80 0.70 0.70 o. 70 0.60 0.60 
G 15.24 4.34 2.54 1.60 1.00 0.80 0.80 0.70 0.70 o. 70 0.60 0.60 
H 13.92 4.25 2.54 1.60 1.00 0.80 0.80 0.70 0.70 0.70 0.60 0.60 
I 12.88 4.17 2.52 1.60 1.00 0.80 0.80 0.70 0.70 0.70 0.60 0.60 
J 11.63 4.10 2.52 1.60 1.00 0.80 0.80 0.70 0.70 0.70 0.60 0.60 

1900 mi 2 10.80 4.06 2.51 1.60 1.00 0.80 0.80 0.70 0.70 0.70 0.60 0.65 
K 9.35 3.66 2.33 1.47 0.92 0.74 0.74 0.64 0.64 0.64 0.55 0.55 
L 6.58 2.89 1.90 1.19 0.74 0.60 0.60 0.52 0.52 0.52 0.45 0.45 

Note the results shown in this matrix of isohyet values emphasize the fact that 
for the fourth through 12th 6-hr period the distribution of HiP is uniform across 
the EMP portion of the pattern (A through 1,900 m1 2) for each increment. 
However, isohyets outside the 1,900-mi 2 isohyet (K and L) represent the residual 
precipitation for the 1,900-mi 2 pattern, and these isohyets are assigned 
decreasing values. 

These give a 72-hr total drainage-averaged HiP of 27.59 in. 
an~ can be compared to the 29.2 in. from figure 51 for 1,600 
mi , or a 6 percent reduction from HMR No. 51. This small 
reduction is in part caused by the fact that no adjustment 
was mde for orientation and the fact that the b3.sin shape 
is relatively elliptical. 

DS. In this example, isohyetal values for durations less than 6 
hr were not required. If they were needed, they would be 
computed at this point. 

E. Temporal Distrlbution 

The isohyet values 
reordered according 
Remember that if 
consistently for all 

listed in the na trix of step D3 my be 
to the limitations given in section 2.3. 
reordering is done, it must be done 
isohyets covering the drainage. 

F. Subdrainage Average Depths 

Figure 56 shows the four subdrainages within the Ouachita River 
Drainage (above Rennel Iam) covered by the isohyetal pattern. 
It is often of interest to determine the incremental average 
depths of precipitation applied to each subdrainage. For this 
example we will demonstrate the steps to determine average depth 
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Table 29.~o.eted c.o.putaiion sheets showing typical fonra t to get in<:rt!lll.ental drainage-average depths, 
0.. ehl ta R1 ver. AR 

Increment: 1 to 7 

Drainage: Ouachita River AR Area: 1,600 mi 2 lAte: 

I II III IV v VI I II III IV v VI 
ArM "''· Avg. Ar~ "''. Avg. 
size Iso. Nomo. 13.85 de£th A v size Iso. Nomo. 1.60 deEth A v 

A 10 236.8 A 100 1.60 1.60 10 16.0 
B 15 343.8 B 100 1. 60 1. 60 15 24.0 

1900/1 c 25 535 .o 1900/4 c 100 1.60 1.60 25 40.0 
D 50 994.0 D 100 1.60 1. 60 so 80.0 
E 75 1381.5 E 100 1.60 1.60 75 120.0 
F 125 2128.4 F 100 1.60 1.60 125 200.0 
G 150 2368.5 G 100 1.60 1.60 150 240.0 

• 250 3635.0 • 100 1.60 1. 60 250 400.0 
I 242 3233.1 I 100 1.60 1.60 242 387.2 
J 242 2966.9 J 100 1. 60 1. 60 242 187.2 

144 1615.7 100 1.60 1.60 144 230.4 
K 80 808.8 K 92 1.35 1. 48 " 118.4 
L 192 1543.7 L 74.5 1.19 1.27 192 243.8 

Total 1600 
Sum '" 21791.6 Sum ,. 2487.0 

Avg. depth "' 13.62 Avg. !lepth '" 1. 55 -- - - - - - - - - -- - - - -
A< a "''· A< a Am<. 
size 4.25 size 1.00 

A 10 50.2 A 100 1.00 1.00 10 11).0 
B 15 74.6 B 100 1.00 1.00 15 15.0 

1900/2 c 25 120.8 1900/5 c 100 1.00 1.00 25 25.0 
D 50 233.0 D 100 1.00 1.00 50 50.0 
E 75 341.3 E 100 1.00 1.00 75 75.0 
F 125 558.8 F 100 1.00 1.00 125 125.0 
G 150 657 .o G 100 1.110 1.00 150 150.0 
H 250 1075.0 H 100 1.00 1.00 250 250.0 
I 242 1018.8 I 100 1.00 1.00 242 242 .o 
J 242 1001.9 J 100 1.00 t.oo 242 242.0 

144 587.5 100 1.00 1.00 144 144.0 
K 80 308.8 K 92 0.92 0.96 80 76.8 
L 192 629.8 L 74.5 0.74 0.83 192 159.4 

' 
S= • 6657.5 S= = 1564.2 

Avg. depth .. 4.16 Avg. depth .98 
- - - - - - - - - - - - - -

A' a "''· Are Am<. 
size 2. 53 size 0.80 

A 10 26.6 A 100 0.80 0.80 10 8 .o 
B 15 39.7 B 100 0.80 0.80 15 12.0 

1900/3 c 25 65.5 1900/6,7 c 100 0.80 0.80 25 20.0 
D 50 uo.o D 100 0.80 0.80 50 40.1) 
E 75 192.8 E 100 0.80 0.80 75 60.0 
F 125 320.0 F 100 0.80 0.80 125 100.0 
G 150 382.5 G 100 0.80 0.80 150 120.0 
H 250 635.0 H 100 o.so 0.80 250 200.0 
I 242 612.3 I 100 0.80 0.80 242 193.6 
J 242 609.8 J 100 0.80 0.80 242 193.6 

144 363.4 100 0.80 0.80 144 115 .z 
K 80 193.6 K 92 0.74 o. 77 80 61.6 
L 192 407.0 L 74.5 0.60 0. 67 192 128.6 

Sum • 3978.2 Sum • 1252.6 
Avg. depth .. 2.49 Avg. depth "' .78 

- - - - - - - - - - -
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'lkble 29.-completed computation sheets showing typical format to get incremental drainage-average depths, 
O..cbita River, AR- Clmtinued 

Inc-rement: 8 to 12 

0-ra.inage: Ouachita River, AR Area: 1,600 llli 
2 O!.te: 

I II III IV v VI I II III IV v VI 
A<Y A>'· Avg. A< a Amc. Avg. 

"'-" Iso. Nomo. 0.70 de:2th •A .v size Iso. Nomo. depth .. .v 

A 100 0.70 0.70 10 7.0 
B 100 0.70 0.70 15 10.5 

1900/8,9, c 100 0.70 0.70 25 17 .s 
10 0 100 o. 70 0.70 50 35.0 

E 100 0.70 o. 70 75 52.5 
F 100 o. 70 o. 70 125 87.5 
G 100 o. 70 0.70 150 105 .o 
H 100 o. 70 0.70 250 175.0 
I 100 o. 70 o. 70 242 169.4 
J 100 0.70 o. 70 242 169.4 

100 0.70 o. 70 144 100.8 
K 92 0.64 o. 57 80 53.5 
L 74.5 0.52 0.58 192 111.4 

S= 1094.6 
Avg. depth .68 

- - - - -

f«y Am c. 
size 100 0. 50 

A 100 0. 50 0.60 10 6. 0 
B 100 0.60 0.60 15 9 .o 

1900/11,12 c 100 0.60 0.60 25 15.0 
0 100 6.50 0.60 50 30.0 

' 100 0.60 o. 60 75 45.0 
F 100 0.60 0.60 125 75.0 
G 100 0.60 0.60 150 SIO.O 
H 100 0.60 0.60 250 150.0 
I 100 0.60 0.60 242 145.2 
J 100 0.60 0.60 242 145.2 

100 0.60 o. 50 144 86.4 
K 92 o. 55 0.58 80 46.4 
L 74.5 0.45 o. so 192 96.0 

S= 93q. 2 
Avg. depth • .59 
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Figure 56.-Isohyeta1 p!l~~ern placed on the Ouachita River, AI. drainage relative 
~o subd.raioages. ·· 

over the subdrainage between Pine Ridge and W!shita (278 mi 2 ). 
From figure 56 we see that this subdrainage is covered by 
isohyets B through K. 

Fl. Planimeter the areas between isohyets for each isohyet that 
crosses the subdrainage to obtain the a rea s used in coluDlii. V 
of the computation sheet shown in table 30. 

F2. Use the isohyet values in step D3 to fill in column III in 
table 30. Follow the computa tiona! procedure outlined in 
steps CS to C8 to obtain the subdrainage incremental 
volumes. Note that for the fourth through 12th 6-hr periods 
it is not necessary to formlly compute the volumes, since 
the subregion is not covered by residual precipitation, and 
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'Jlable 30.--<:o.plet:ed e,.putat:ion sheet for determining avenge depths for lot three 6-br increments over 
subd~i.Dage bet-ween Blakely M.t. Ilia and Vasbita, AR 

Increment: 1 to 3 

Drainage: Ouachita River AR . .u-ea: Ill te: 

1 I1 1Il IV v VI I I1 III IV v VI 

"'~ "''· Avg. Ars "''· Avg. 
Size !so. Nomo. deEth 4A ov size Iso. Nomo. depth 4A 4V 

A 
B 22.16 

1900/1 c 20.64 21.40 7.7 164.8 
D 19.18 19.91 15.8 314.6 
E 17.73 18.46 40.7 751.3 
F 16.41 17.07 21.4 365.3 
c 15.24 15.82 25.7 406.6 
a 13.92 14.58 47 .o 685.3 
I 12.88 13.40 59 .a 801.3 
J 11.63. 12.22 55.6 679.4 
K 9.35 10.49 4.3 45.1 

Total .. 278.0 
S= • 4213.7 

Avg. depth"' 15.2 '". - - - - -
Ar~ "''· size 

A 
B 4.93 

1900/2 c 4.72 4.82 7.7 37.4 
D 4.59 4.66 15.8 73.6 
E 4.51 4.55 40.7 185.2 
F 4.42 4.46 21.4 95.4 
c 4.34 4.38 25.7 112.6 
H 4.25 4.30 47.0 2.02.1 
I 4.17 4.21 59.8 251.8 
J 4.10 4.14 55.6 230.2 
K 3.66 3.88 4.3 16.7 

'"' 1205.0 
Avg. depth 4.3 in. 

-- - - -
Area "''. size 

A 
B 2.63 

1900/3 c 2.61 2.62. 7.7 20.2 
D 2.58 2.595 15.8 41.0 
E 2.56 7.57 40.7 104.6 
F 2. 55 2.555 21.4 54.7 
c 2.54 2. 545 25.7 65.4 
H 2. 54 2.54 47.0 119.4 
I 2.52 2. 53 59 .a 15 l-3 
J 2.52 2.52. 55.6 140.1 
K 2.33 2..42 4.3 10.4 

Sum '" 707.1 
Avg. depth ,. 2. s in. 
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thus the average depths for these increments will be the 
same as the incremental IMP amotmts. 

F3. The average depths for the subdrainage between Pine Ridge 
and Washita are thus, 

6-hr periods 
1 2 3 4 5 6 7 8 9 10 

Subdrain-
age. avg. 15.2 4.3 2.5 1.6 0.9 0.8 0.8 0.8 0.8 0.8 
depth (in.) 

7.5 ba>Rple No. 2b 

11 12 

0.8 o. 7 

In this example we ..ant to suggest that a placement of the isohyetal p:~.ttern 

closer to the outlet my be advantageous to bring about a greater peak discharge, 
however, the result is a lower volume than the drainage-centered placement 
considered in example 2a. Figure 57 shows the displacement of our standard 
p:~.ttern tow:trd the drainage outlet. One might judge that a somewhat better 
placement is possible than that shown. However, for the purpose of illustration, 
it voas believed necessary not to change the original orientation in order to show 
that any reduction in volume w:~.s due to difference other than orientation. 

For this example, it is not necessary to start over by obtaining new values 
from HMR NO. 51.* Therefore, we can proceed directly to the computation of 
volume previously determined in table 27, and it is only necessary to change the 
incremental areas as a result of planimetering figure 57. The computations for 
the 1st three 6-hr increments for the standard isohyetal areas as recomputed in 
table 31 are shown to be roughly 10 percent lower than those for the drainage
centered placement (fig. 54). 

In table 31, we find that unlike the result from example 2a, the ar:-=2: of IMP 
detertnined by naximum {olume in the drainage has increased from 1,900 mi to the 
vicinity of 3,000 llli • This result implies a less intense storm has been 
considered. Although not shown, a reduction in volume would also have occurred 
had we applied the same isohyet values from table 28 to'• the pg.ttern shown in 
figure 57. These results support our claim that a placement that nay be 
advantageous to obtaining a llBXimum peak discharge in general will give less than 
maximum volume. 

Although relocation of a IMP storm pattern closer to the drainage outlet 
results in a a smaller drainage volume, one should consider the impact of 
concentrating a more intense storm p:tttern near the dam. A more intense storm 
here means a IMP storm pg.ttern area less than that giving the marlmum volume of 
precipitation in the drainage, but which contains greater central depths. For 
the exafple storm sho~ in figure 54, we might consider a P.:1P storm pattern for 
450 mi or 1,000 mi and compute the peak discharge. Since we do not have 
sufficient information to compute the peak discharge, it is left to the user to 
make such tests. From these tests the user can determine whether other more 

*The user llBY need to redetermine these if the pg.ttern is moved a significant 
distance. 
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Figure 57.-Alteraate plac:e.en.t of isohyetal plttern on Ouachita Rl.ver, AR. 
dxaioage typical of detend.nation of peak. discharge. 

intense storms or p!ttern repositions will yield more critical peak flows. It 
should be noted again that drainage-averaged depths from any EMP pattern sm.ller 
than th:t.t which gives m.ximum volume in the drainage, will be less than drainage
averaged EMP. 
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Table 31.~leted ca.put:atlon sheets for lst three 6-br increaents ·for alternate placenent 
of pitt:ern on Ouachita River, AR drainage 

Increment: 1 

Drainage: Ouachita Rive-r, AR Area: 1 600 ali 2 Oa te: 

I II III IV v VI I II III IV v VI 
ArM "''· Avg. Ara Ame. Avg. 
si2:e !so. Noma. 17.70 de£th •A .v size Iso. Nomo. 13.40 de:eth •A .v 

A 140 24.78 24.78 10 247.8 A 176 23.58 23.58 10 235.8 
B 132 23.36 24.07 15 361.0 B 165 22.11 22.84 15 342.6 

700/1 c 124 21.95 22.66 25 566.5 2150/1 c 154 20.64 21.38 25 534.5 
D 115 20.36 21.16 so 1058.0 D 142 19.03 19.84 SD 992.0 
E 107 18.94 19.65 75 1473.8 E 131 17.55 18.29 75 1371.8 
F 98 17.35 18.14 125 2267.5 F 122 16.35 16.95 125 2118.8 
G 92 16.28 16.82 140 2354.8 G 113 15.14 15.74 140 2203.6 
H 84 14.87 15.58 140 2181.2 H 103 13.80 14.47 140 2025.8 
I 63 11.15 13.01 us 1496.2 I " 12.73 13.26 115 1524.9 
J 48 8.50 9.82 160 1571.2 J 86 11.52 12.12 160 11:139.2 
K 36 6.37 7.44 210 1562.4 K 77 10.32 10.92 210 2293.2 
L 27 4.78 5. 58 260 1450.8 L 52 6. 97 8.64 260 2246.4 
M 18 3.19 3.98 225 895 .s M 33 4.42 5.70 225 1282.5 
N 10 1.77 2.48 so 124.0 N 20 2.68 3.55 so 177.5 

•=. 16310.7 ·=. 19288.6 

AcM "''. Ar& "'" size 16.34 size 12.05 
< 149 24.35 24.35 10 24j,5 A 191 23.02 23.02 10 230.2 
B 140 22.88 23.62 15 354.3 B 179 21.57 22.30 1S 334.5 

1000/1 c 131 21.40 22.14 25 553.5 3000/1 c 166 20.00 20. 78 25 519. s 
D 122 19.93 20.66 so 1033.0 0 154 18.56 19.28 so 964.0 
E 113 18.46 19.20 75 1440.0 E 142 17.11 17.84 75 1338.0 
F 104 16.99 17.73 125 2216.2 F 132 15.90 16.50 125 2062. s 
G 97 15.85 16.42 140 2298.8 G 122 14.70 15.30 140 2142.0 
H 89 14.54 15.20 140 2128.0 H ll2 13 .so 14.10 140 1974.0 
I 82 13.40 13.97 us 1606.6 I 102 12.29 12.'l0 llS 1483.5 
J 60 9.80 11.60 160 1856.0 J 92 11.09 11.1\9 160 1870.4 
K 44 7.19 a. so 210 1785.0 K 83 10.00 10.54 210 2213.4 
L 32 5.23 6.21 260 1614.6 L 74 8.02 <j .ll6 260 2459 .fi 
M 21 3.43 4.33 225 974.2 M 44 5.02 6.97 225 1568.2 
N 12 1.96 2. 70 so 135 .o N 25 3.01 4.02 so 201.0 

'• 
Sum "' 18238.7 Sum "' 1<!360.!1 

Aca "''· Ara "''· size 14.79 size 10.35 
A 162 23.96 23.96 10 239.6 A 212 21.94 21.94 10 219.4 
B 152 22.48 23.22 15 348.3 B 198 20.49 21.22 15 318.3 

1500/l c 142 21.00 21.74 25 543.5 4500/1 c 184 19.04 19.76 25 494.0 
D 132 19.52 20.26 so 1013.0 D 170 17.60 18.32 so 916.0 
E 122 18.04 18.78 75 1408.5 E 157 16.25 16.92 75 1269.0 
F 112 16.56 l7 .30 125 2162.5 F 146 15.11 15.68 125 1960.0 
G lOS 15.53 16.04 140 2245.6 G 135 13.97 14.54 140 2035.6 
H 96 14.20 14.86 140 2080.4 H 124 12.83 13.40 140 1876.0 
I 88 13.02 13.61 us 1565.2 I 113 11.70 12.26 11S 1409.9 
J 80 11.83 12.42 160 1987.2 J 103 10.66 11.18 160 1788.8 
K 56 8.28 10.06 210 2112.6 K 93 9.62 10.14 210 2129.4 
L 41 6.06 7.17 260 1864.2 L 83 8.59 9.10 260 2366.0 
M 26 3.84 4.95 225 1113.8 M 71 7.35 7.97 225 1793.2 
N 16 2.37 3.10 so 155 .o N 37 3.83 5.59 50 279.5 

S= • 18839.4 S= 18855.1 

- - - - - - - - - - -
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Uable 31.--co.plet:ed eo.putat:ion abeeu for 1st three 6-hr incrementa for alt:i!rDat:e placement of plt:t:ern 
au. Ouacldta Rl.ver, AR drainage - Coa.tinued 

Increment.: 2 

Drainage: Ouachita River, AR Area: 1,600mt 2 !:ate: 

I II III IV v VI I II III IV v VI 
A<s Am<. Avg. A<e Am<. Avg. 
size Iso. Nome. 4.63 def:th •A .v size Iso. Nomo. 4.21 de;eth oA .v 

A 114.5 5.30 5.30 10 53.0 A 118.5 4.99 4.99 10 49.9 
B 110 5.09 5.20 15 78.0 B 114.5 4.82 4.90 15 73.5 

700/2 c 107 4.95 5.02 25 125 .s 2150/2 c 111 4.67 4. 74 25 118 ·5 
D 104 4.81 4.88 so 244.0 D 108.5 4.57 4. 62 50 231.0 
E 101 4.68 4. 74 75 355.0 E 106.5 4.48 4.52 75 339 .o 
F " 4.58 4. 63 125 578.8 F 104.5 4.40 4.44 125 555.0 
G 97 4.49 4.54 140 635.6 G 102 4.29 4.34 140 607.6 
H 95 4.40 4.445 140 622.3 R 100 4.21 4.25 140 595.0 
I 78 3.61 4.005 115 460.6 I " 4.17 4.19 115 481.8 
J 65.5 3.03 3.32 160 531.2 J 97 4.08 4.12 160 659.2 
K 54 2.50 2.76 210 579.6 K 96 4.04 4.06 210 852.6 
L 44 2.04 2.27 260 590.2 L 73 3.07 3.56 260 925.6 
M 32 1.48 l. 76 225 396.0 M 54 2.27 2.67 225 600.8 
N 19.5 0.90 1.19 50 59.5 N 37.5 1.58 1.92 so 96 .o 

S= • 5309.3 S= • 61~5.'5 

A<e Am<. A<M ''". size 4.51 size 4.05 
A 116 5.23 5.23 10 52.3 A 119.5 4.84 4.84 10 48."4 
B 112 5.05 5.14 15 77.1 B 116 4.70 4. 77 15 71.6 

1000/2 c 108.5 4.89 4.97 25 124.2 3000/2 c 112.5 4. 56 4.64 25 115.0 
D lOS 4.74 4.82 so 241.0 D llO 4.46 4. 51 50 225 .o 
E 103 4. 64 4.69 75 351.8 E 108 4. 37 4.42 75 331. s 
F 101 4.56 4.60 125 575.0 F 106 4.29 4.33 125 541.2 
G " 4,46 4. 51 140 631.4 G 104 4.21 4.25 140 595.0 
H 97 4.37 4.42 140 618.8 H 102 4.13 4.17 140 483.8 
I 95 4.28 4.32 165 496.8 I 100.5 4.07 4.10 llS 471.5 
J 76 3.43 3.86 160 617.6 J 99 4.01 4 .04 160 646.5 
K 63 2.84 3.14 210 659.4 K 97 3.93 3.97 210 833.7 
L 51 2.30 2.57 260 668.2 L " 3.89 3.91 260 101.S.6 
M 38 1.71 2.01 225 452.2 M 67 2.71 3.30 225 742.5 
N 24 1.08 1.40 50 70.0 N 45 1.82 2.26 so 113 .o 

Sum '" 5635.8 Sum • 6336.7 

MM Am<. MM ""'· si2:e 4.36 si2:e 3.86 
A 117 5.10 5.10 10 51.0 A lZl 4.67 4.67 10 46.7 
B ll3 4.93 5.02 15 75 .o B ll7 4.52 4.60 15 69.0 

1500/2 c 110 4.80 4.86 25 121.5 4500/2 c ll4 4.40 4.46 25 111.5 
0 107 4.66 4. 73 50 236.5 D 112 4.32 4.36 so 218 .o 
E lOS 4.58 4.62 75 346.5 E 109.5 4.23 4.28 75 321.0 
F 103 4.49 4. 54 125 567.5 F 108 4.17 4.20 125 525.0 
G 100.5 4.38 4.44 140 621.6 G 105.5 4.07 4.12 140 576 .a 
H " 4.32 4.35 140 609.0 H 103.5 4.00 4.04 140 565.fi 
I 97 4.23 4.28 115 492.2 I 102 3.<:14 3 ,<l7 115 456.6 
J 95.5 4.16 4.20 160 672 .o J 100.5 3.88 3.91 160 625.6 
K 75.5 3.29 3.72 210 781.2 K " 3.82 2.85 210 808.5 
L 60.5 2.64 2.96 260 769.6 L 97.5 3.76 3. 79 260 Q8S.4 

' 45 1.96 2.30 225 517.5 ' 96 3. 7l 3.74 225 841.5 
N 31 1.35 1.66 50 83.0 N 59 2.28 3.00 so 150.0 

S= • 5944.1 S= • 6301.2 

- - - -

155 



'Dt.hle ll.-coaplet:ed eomputati011 sheets for 1st three 6-br increments for alteruate placement of ]Bt:t:ern 
on Om.cbita liver. AR dmioage- Continued 

Increment: 3 

Drainage: Ouachita River, AR Area: 1 600 "'' 0:1 te: 

I It Itt IV v VI I It III IV v VI 
Acu Amt. Avg. Acu Amt. Avg. 
size lso. Nomo. 2.54 deJ!:th •A .v site !so. Nomo. 2. 53 deJ!:th .. .v 

A 104.2 2.65 2.65 10 26.5 A 105.3 2.66 2.66 10 26.6 
B 102.9 2.61 2.63 15 39.3 B 104.2 2.64 2. 65 15 39.8 

700/3 c 101.7 2.58 2.595 25 64.9 2150/:3 c 103.2 2.61 2.625 25 65.6 
0 100.8 2.56 2.57 50 128.5 0 102 2.56 2.595 50 129.-' 
E 100.2 2.54 2.55 75 191.2 ' 101.3 2.56 2.57 75 192.R 
F 99". 9 2.54 2. 54 125 317.5 F 101 2.56 2. 56 125 320.r'J 
G 99.6 2.53 2.535 140 354.9 G 100.6 2.54 2.55 140 357 .o 
H 99.2 2.52 2. 525 140 353.5 H 100.3 2. 54 2. 54 140 355.6 
I 85 2.16 2.34 115 269.1 I 100 2.53 2. 535 115 2Q1,5 
J 70.5 1. 79 1. 96 160 316.8 J 99.7 2. 52 2. 525 160 404.0 
K 58.5 1.48 1.64 210 344.4 K 95.5 2.42 2.47 210 518.7 
L 47 1.19 1.34 260 348.4 L 80.5 2.04 2.23 260 579.8 
M 37 0.94 1.06 225 238.5 M 61 1.54 1.79 225 402 .a 
N 25.5 0.65 0.80 so 40.0 N 46.5 1.18 1.36 50 68.0 

S= • 3033.5 Sum "' 3752.0 

Ac& Amt. M& Am<. 
size 2. 54 size 2.52 

A 104.6 2.66 2.66 10 26.6 A 105.7 2. 66 2.66 10 26.6 
B 103 .] 2.62 2.64 15 39.6 B 104.6 2.64 2.65 15 3 'L 8 

1000/2 G 102.3 2.60 2.61 25 65.2 3000/3 c 103.5 2.61 2.625 25 65.6 
0 101.3 2.57 2.585 50 129.2 D 102 .s 2 .sa 2.595 50 129.8 
E 100.6 2.56 2.565 75 192.4 ' 101.7 2.56 2.57 75 l92.f! 
F 100.3 2.55 2.555 125 319.4 F 101.3 2. 55 2.555 125 319 .4 
G 99.9 2. 54 2.545 140 356.3 G 100.9 2. 54 2. 545 140 356.3 
H 99.6 2.53 2. 535 140 354.9 H 100.5 2.53 2.535 140 354.9 
I 99.3 2.52 2.525 115 290.4 I 100.2 2. 52 2.525 ll5 2'10.4 
J 82-5 2 .10 2.31 160 36':1.6 J 99.9 2.52 2. 52 160 403.2 
K 67 1.70 1. 90 210 399.0 K 99.6 2. 51 2. su 210 '528.2 
L 54 1. 73 1.16 260 301.6 L 99.3 2.50 2.505 260 651.3 
M 43 1.09 1. 23 225 276.8 H " 1.92 2.7.1 225 497.2 
N 31 0. 79 o. 94 so 47.0 N 57 1.44 1.68 50 84.11 .. 

Sum = 3168.0 Sum '" 393'1. '5 

Ac& Amt. Ac& Amt. 
size 2. 54 size 2. 51 

A 105 2.67 2.67 10 26.7 A 106 2.66 2.66 10 25.fi 
B 103.8 2.64 2.655 15 39.8 B 105 2.64 2.65 15 39.8 

1500/3 c 102.7 2.61 2.625 25 65.6 4500/3 c 104 2.61 2.625 25 65.6 
D 101.7 2 .sa z. 595 50 129.8 D 103.1 2.59 2.Fi0 50 130.0 
E 101 2.56 2. 57 75 192.8 E 102.1 2.56 2.575 75 193 .o 
F 100.7 2.56 2. 56 125 320.0 F 101. 7 z. 55 2.555 t25 319.4 
G 100.3 2. 55 2.555 140 357.7 G 101.2 2.54 2. 545 140 ]56.] 
H 100 2.54 2. 545 140 356.3 H 100.9 2.53 2. 535 140 354.9 
I 99.7 2. 53 2.535 115 291.5 I 100.6 2.52 2.525 115 290.4 
J 99.4 2.52 2.525 160 404.0 J 100.2 2.52 2.52 160 403.2 
K 81 2.06 2.29 210 480.9 K 99.9 2.51 2. 515 210 S2f!.2 
L 65.5 1. 66 1.86 260 483.6 L 99.6 2.50 2.505 260 651.3 

" 51.5 1.31 1.48 225 333 .o " 99.3 2.49 2.495 225 591.4 
N 3B 0.96 1.14 50 57 .o N 76 1.91 2.20 50 110.0 

s~. 3548.7 S= • 4030.2 
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APPENDIX 

The 53 storms listed in the Appendix to HMR 51 were chosen as the sample of 
storms to be used initially in this study. However, in the study of storm shapes 
and orientations it W!I.S found that this sample -.as particularly srrall when 
questions of regional variation, regional averages, or statistical distributions 
were considered. For this reason a subordinate storm sample t.as created to 
provide additional guidance in some of these discussions. 

The subordinate sample of storms W3. s derived from the rra jar storms listed in 
"Storm Rainfall" (U.S. Army Corps of Engineers 1945- ). This file includes 
storms from as early as the 1870's and is continually updated as new storms are 
studied. Some additional storm data are available from other agencies and from 
storms studied by the Hydrometeor£logical Branch. We concentrated on the 253 
storms whose areas were 10,000 mi or larger and whose durations were 60 hr or 
longer, since we believe the larger/longer storms were more useful in pointing up 
possible differences. We also imposed a controlling factor in our storm 

~~!:~=:~~;m t:;:~thon~io,~~~rm~ 2:ho7s2e :r2)-h~ou~~pt:e ~ssed~O b~:~:~t w~r ~m:;:d osfto~= 
that l:asically represented extreme 3-day rains. These are listed in table A.l. 

The distribution of the 253 storms according to area and duration classes is 
shown in table A.2. 

The regional distribution of this sample is shown in figure A.l, which includes 
the orientation of the respective rainfall patterns. One feature shown in this 
figure is that even in this sample of 253 storms, there are local regions for 
which no storms satisfying the areal and durational criteria of our sample 
occur. That is not to say that storms of these nngnitudes have not occurred in 
these regions, but rather that we have no records of such storms. 

The distribution of the 253 
classes is given in table A.3. 
for the 53 storm sample. 

storms relative to 
These results can be 
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area size and shape ratio 
compared to those in table 7 



Table A.l.--253 Major storms (listed in Storm Rainfall, > 10,000 mi2 and) 60 br; 
72 br) 90% total storm. amount at 20,000 mi2 ~ arranged in chronological Order) 

1000-mi2 

Tot. st. 24-hr 
Station nearest Lat. Long. Tot. st. area amt. 

Date center (0) (') (0) (') dur. (hr) (mi2 ) (in.) 

9/10-13/!878 Jefferson, OH 41 45 80 46 84 90,000 11.0 
9/20-24/82 Paterson, NJ 40 55 74 10 108 40,000 7. 9 
7/27-31/87 Union Pt., GA 33 37 83 04 ll4 100,000 9.0 
9/8-12/88 Greenwood, SC 34 12 82 10 120 120,000 8.4 
5/30-6/1/89 Wellsboro, PA 41 45 77 17 60 82,000 8.3 
3/5-9/91 Kosciusko, MS 33 OS 89 35 114 185,000 7.2 
6/23-2 7/91 Larrabee, !A 42 52 95 30 96 30,000 9.3 
7/24-28/92 Minneapolis, MN 45 04 93 18 108 20,000 6.4 
5/2 S-2 9/93 Marianna, AR 34 44 90 49 96 175,000 7.7 
8/26-28/93 Manning, SC 33 41 80 12 66 54,000 11 .1 

9/6-10/93 Franklin, LA 29 47 91 30 114 40,000 10.4 
3/17-20/94 l~ashington, AR 33 48 93 40 72 112,000 6.0 
5/17-22/94 Bridgeton, NJ 39 26 75 14 120 57 ,ooo 5 .I 
5/29-31/94 Ward District, co 40 04 !OS 32 60 2 5,300 4.6 
8/3-6/94 Fo lkla nd, NC 35 34 77 38 96 72,800 6.4 
12/16-20/95 Phillipsburg, MO 37 34 92 47 96 110,000 6 .s 
6/4-7/96 Greeley, NE 41 33 98 32 78 84,000 9.2 
7/6-8/96 Greenwood, SC 34 ll 82 09 66 118,000 6 .o 
9/2 7-30/96 Bloomery, WV 39 23 78 22 66 50,000 6.8 
7/12-14/97 Southington, CT 41 39 72 53 60 44,000 6.7 

7/18-22/97 Lambert, MN 47 47 95 55 102 80,000 5.8 
7/2 S-2 7/97 Butternut, WI 46 00 90 30 66 15,000 8.6 
7/26-29/97 Jewell, MD 38 46 76 34 96 32,000 6.2 
12/31-1/3/97 Pine Bluff, AR 34 12 92 00 78 118,000 5.7 
12/l-4/97 Jackson, MS 32 17 90 11 96 70,000 6.6 
5/2-6/98 Norman, OK 35 13 97 28 84 68,000 6.0 
6/2-6/98 Pine River Dam, MN 46 41 94 07 !02 30,000 5.7 
8/26-29/98 St. Andrews Bay, FL 30 10 85 42 96 64,000 7.0 
8/30-9/3/98 Port Royal, SC 32 23 80 42 120 42 ,ooo 9.6 
9/28-10/1/98 Pensacola, FL 30 25 87 13 84 75,500 8 .! 

10/2-4/98 Hi)?;hlands, NC 35 02 83 12 66 60,000 5.9 
6/27-7/1/99 Hearne, TX 30 52 96 37 108 78,000 2 1 .1 
12/8-11/99 Port Gibson, MS 31 58 90 59 66 30,000 7.3 
4/15-18/1900 Eutaw, AL 32 47 87 so 84 75,000 11 .3 
7/14-17/00 Primghar, IA 43 OS 95 38 78 100,000 9.1 
9/7-11/00 Elk Point, SD 42 41 96 40 102 50,000 6 .1 
10/27-30/00 La Crosse, WI 43 48 91 15 78 15 ,2 00 6.7 
5/18-22/01 Lumberton, NC 34 32 79 00 108 79,600 6.2 
7/1-6/01 New Fo !den, MN 48 22 96 20 108 50,000 6. 1 
3/25-29/02 Ripley, MS 34 42 88 57 114 100,000 8.6 
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'D!b1e A .. l - 253 Major storms (listed in Storm Rainfall, 2. 10,000 m:L 2 and 2. 60 ht; 

72 hr )c 90% total storm amount at 20~000 mi. 2 , arranged in chronological order) -
ContinUed 

1000-mi 2 

Tot. st. 24-hr 
Station nearest lat. Long. Tot. st. arf- amt. 

Date center (') (') (') (') dur. (hr) (mi ) (in.) 

9/20-24/02 Wakeeney, KS 39 01 99 53 108 81,600 5.3 
9/24-27/02 Colora, MD 39 40 76 06 72 40,000 5.6 
8/24-28/03 Woodburn, IA 40 57 93 35 96 59,000 10.3 
9/7-10/03 Burlington, KS 38 12 95 45 72 40,900 5.7 
9/28-10/1/03 Giinesville, TX 33 37 97 08 90 50,000 7.5 
10/7-11/03 Paterson, NJ 40 55 74 10 96 35,000 10.9 
5/1-3/04 Boxelder, CO 40 59 105 11 66 21,200 3.4 
6/1-5/04 Hartshorne, OK 34 51 95 33 84 66,000 7.2 
6/2-5/04 Spearfish, SD 44 29 103 47 78 12,300 3.4 
9/12-15/04 Fries burg, NJ 39 35 75 25 66 35,000 6.7 

9/26-30/04 Rociada, N1 35 52 105 27 90 70,000 5.4 
2/10-13/05 PutlD!l n, GA 32 14 84 25 72 80,000 5.8 
6/3-8/05 Medford, WI 45 08 90 20 120 67,000 7.0 
7/18-21/05 Hartshorne, OK 34 51 95 33 84 100,000 6.8 
10/16-19/05 New Haven, MO 38 38 91 13 69 26,000 6.6 
8/21-25/06 Hartington, NE 42 37 97 16 96 33,900 4.7 
8/22-26/06 1-hrsaw, MO 38 15 93 21 102 24,300 6.6 
5/7-10/07 lafayette, LA 30 14 91 59 96 49,000 9 .o 
5/28-31/07 Suga rland, TX 29 36 95 38 90 80,000 8.7 
7/13-16/07 Nen:a ha, NE 40 20 95 41 96 40,000 7.9 

5/21-25/08 Chatanooga, OK 34 25 98 39 108 175,000 6.1 
7/28-31/08 New Bern, NC 35 07 77 03 72 29,000 5.9 
8/23-28/08 Vade Meccum, NC 36 26 80 28 120 69.600 9.5 
9/16-20/08 Ca. mer on, LA 29 45 93 20 102 22,000 10.1 
10/19-24/08 Meeker, OK 35 30 96 54 126 80,000 8.6 
5/24-28/09 Shoccoa, MS 32 39 89 53 114 70,000 7.2 
7/4-7/09 Bethany, MO 40 15 94 02 66 27,000 7.3 
7/18-23/09 Ironwood, MI 46 27 90 11 108 50,000 10.0 
9/6-9/09 Topeka, KS 39 04 95 37 78 39,000 6.9 
9/19-22/09 St. Francisville, LA 30 46 91 22 66 31,000 10.2 

6/6-11/10 Boonville, MO 38 58 92 45 120 70,000 2.9 
10/3-6/10 Gal conda , IL 37 22 88 29 90 70,000 7.4 
2/16-18/11 Wood'ioG rd (nr), OK 36 27 99 23 60 44,400 4.5 
4/12-15/11 Benton, AR 34 33 92 37 60 75,000 4.9 
8/28-31/11 St. George, GA 30 30 82 02 84 39,000 13.5 
.4/11-14/12 Arnegard, ND 47 48 103 25 90 10,700 2 .o 
5/19-22/12 Gladwin, MI 43 59 84 29 72 37,156 4.6 
6/14-18/12 Johnstown, PA 40 20 78 55 120 50,000 4.0 
9/22-25/12 Emmitsburg, Md 39 41 77 21 72 40,000 4.6 
9/22-25/12 Camden, SC 34 15 80 37 72 16,000 5.5 
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Table A.l - 253 Major storms (listed in Storm Ba.infall, 2_ 10,000 mi. 2 and 2_ 60 hr'; 

72 hr) 90% total storm amount at 20,000 ud.2 , arranged in chronological order) -
ContinUed 

1000-mi 2 

Tot. st. 24-hr 
Station nearest lat. Long. Tot. st. arr, amt. 

Date center (') (') (') (') dur. (hr) (mi ) (in.) 

7/12-15/13 Toboso, 00 40 03 82 11 84 17,000 5.9 
12/1-5/13 San Marcos (nr), TX 29 52 97 57 96 70,000 9.3 
3/24-28/14 Merryville, LA 30 46 93 32 96 125,000 10.7 
4/24-28/14 Merryville, LA 30 46 93 32 96 100,000 8.1 
4/29-5/2/14 Clayton, N1 36 20 103 06 66 36,500 7.9 
6/25-28/14 Hazelton, ND 46 29 100 17 90 66,000 6 .a 
6/25-28/14 Morris, MN 45 35 95 55 60 45,000 4. 7 
2/12-14/15 Onida, SD 44 42 100 04 60 50,000 3.1 
6/2-7/15 Henrietta, TX 33 48 98 12 138 60,000 4.7 
9/6-9/15 Moran, KS 37 56 95 10 96 24,000 7.6 

5/14-19/16 York, NY 42 52 77 52 120 21,400 3.8 
7/13-17/16 New Ulm, MN 44 19 94 28 96 30,000 5.6 
7/15-17/16 Alta pa. ss, NC 35 53 82 01 108 37,000 15.0 
9/10-12/16 Cunningham, KS 37 39 98 24 60 44,000 4.4 
9/14-16/17 Hatteras, NC 35 15 75 40 60 25,000 6.5 
3/12-15/18 Holcomb, WV 38 15 80 34 66 17,200 4.0 
5/9-13/18 Mountain Home, AR 36 20 92 30 78 70,000 5.7 
8/19-22/18 Hayville, ND 47 30 97 19 78 24,000 4.8 
10/24-27/18 Tryon, NC 35 13 82 14 72 17,200 7.1 
10/26-31/18 Highlands, NC 35 02 83 12 120 107,000 6.7 

11/6-8/18 Neosh:l., MD 36 52 94 22 72 34,500 4.5 
3/14-16/19 At chi son, KS 39 34 95 07 60 33,000 5 .o 
6/22-24/19 Clinton, IL 40 08 88 58 66 20,000 5.1 
8/25-29/19 Warrensburg, MD 38 46 93 44 102 19,900 9.3 
9/16-19/19 Bruning, NE 40 20 97 34 66 58,350 7.4 
10/7-12/19 Anahugo, TX 29 47 94 40 120 60,000 8.1 
10/25-28/19 Steelville, MO 37 59 91 22 60 84,000 6.8 
12/6-10/19 Selma, AL 32 25 87 02 90 116,000 7. 5 
1/21-24/20 Pontotoc, MS 34 15 89 00 84 100,000 2.8 
2/3-6/20 Runnymede, VA 37 01 76 39 60 20,000 

5/9-12/20 Vale, SD 44 37 103 24 78 54,000 3.8 
6/15-18/20 W. Newton, PA 40 13 79 36 84 30,000 3.8 
9/6-9/20 Memphis, TN 35 09 90 03 66 24,000 3.7 
3/11-14/21 Magnolia, MS 31 06 90 28 72 42,000 10.1 
6/2-6/21 Pueblo (nr), co 38 27 105 04 114 144,000 7.8 
6/17-21/21 Springbrook, MT 47 18 105 35 108 52,600 11.3 
10/29-11/2/21 Marion, NC 35 41 82 01 96 24,000 4.6 
11/16-19/21 Searcy, AR 35 15 91 44 78 130,000 7 .4 
2/19-23/22 West Branch, Ml 44 19 84 17 114 35,000 3.5 
4/24-27/22 Weatherford, TX 32 45 97 48 66 65,700 7.6 
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Th.ble A.l - 253 Major storms (listed in Storm Bainfall, 2_ 10,000 mi. 2 and~ 60 h:t; 

72 hr ) 90% total storm amount at 20,000 mi 2 , arranged in chronological order) -
ContinUed 

1ooo-mi 2 

Tot. st. 24-hr 
Station nearest r.. t. Long. Tot. st. arr, amt. 

Date center (') (') n <'J dur. (hr) (mi ) (in.) 

6/8-11/22 Wrightstown, WI 44 20 88 12 84 45,000 6.1 
6/9-12/22 Syracuse (nr), NY 43 04 76 16 84 20,000 4.2 
7/9-12/22 Grant City, MO 40 29 94 25 78 113.500 9.3 
9/27-10/1/23 Sa vageton, WY 43 52 105 47 108 95,000 6.6 
7/11-14/24 Fort Scott, KS 37 51 94 42 72 35,000 5.6 
8/3-6/24 West Bend, WI 43 25 88 11 90 50,000 6.7 
9/13-17/24 Beaufort, NC 34 44 76 39 96 100,000 11.5 
12/4-8/24 Brownsville, KY 37 13 86 15 108 32,400 6.2 
5/27-29/25 Eagle Pass, TX 28 43 100 30 60 47,100 7.1 
6/1-3/25 St. Joseph, MO 39 46 94 55 66 64,000 4.9 

9/23-26/25 Freennn Springs, AR 35 40 93 06 90 75,000 3.9 
3/20-22/26 St. Francisville, LA 30 46 91 22 66 28,200 5.9 
8/23-26/26 Donaldsonville, LA 30 06 90 58 72 50,000 u.s 
9/2-5/26 Columbus, KS 37 15 94 52 78 50,000 5.9 
9/17-21/26 B9.y Minette, AL 30 53 87 47 120 35,700 13.7 
9/25-30/26 Eufaula, OK 35 17 95 35 108 40,000 6.6 
2/11-14/27 Clinton, LA 30 52 91 00 72 50,000 7. 0 
3/17-20/27 Tuscumbia, MO 38 15 92 27 60 32,000 4.2 
4/12-16/27 Jefferson, LA 29 40 90 OS 108 250,000 14.7 
5/5-9/27 Belvidere, SD 43 so 101 16 108 150,000 3. 7 

5/20-23/27 Kaplan, LA 30 01 92 19 72 12,500 8.1 
7/12-15/27 Ardmore, OK 34 12 97 08 96 33,000 8.6 
8/11-14/27 Bison, KS 38 31 99 12 72 34.000 6.6 
11/2-4/27 Kinsnan Notch, NH 44 03 71 45 60 60,000 7.8 
5/14-16/28 Woodville, MS 31 06 91 18 60 34,000 8.0 
6/12-17/28 Crystal Sprngs, MS 31 59 90 26 108 20,000 8.6 
6/28-30/28 Clinton, TN 36 06 84 08 66 70,000 7. 7 
7/5-8/28 Berthold, ND 48 20 101 46 72 20,000 5.8 
7/18-21/28 Mt. Ayr, IA 40 43 94 14 84 19,500 3.8 
8/9-13/28 Settle, NC 36 01 80 46 96 24,000 7.0 

8/10-13/28 Cheltenham, MD 38 44 76 51 66 35,000 8.8 
8/13-17/28 Caesars Head, SC 35 07 82 38 102 77,300 9.4 
9/4-7/28 Marion, SC 34 11 79 23 72 19,600 4.9 
9/16-19/28 Darlington, SC 34 17 79 02 96 100,000 10.8 
11/15-17/28 Lebo, KS 37 55 95 26 60 60,000 8.1 
3/11-16/29. Elba, AL 31 25 86 04 114 100,000 16.1 
7/16-18/29 Woodville, MS 31 09 91 18 66 24,000 5.4 
9/20-23/29 Gallinas (nr), >M 35 09 lOS 39 72 17,000 2.6 
9/23-28/29 Glenville, GA 31 56 81 56 120 70,000 13.1 
9/29-10/3/29 Vernon, FL 30 38 85 43 84 103,000 9.3 
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'18 ble A.l - 253 Major storms (listed in Storm Rainfall, ~ 10,000 mi 2 and ~ 60 hr; 

72 hr 2:_ 90% total star. alllOUD.t at 20,000 mt 2 , arranged in chronological order) -
Continued 

1000-mi 2 

Tot. st. 24-hr 
Station nearest lat. Long. Tot. st. ar~ amt. 

IJa te center (.) (') CJ < 'l dur. (hr) (mi ) (in.) 

1/6-11/30 Arkadelphia, AR 34 07 93 03 114 70,000 5.4 
5/15-19/30 Camden, AR 33 36 92 49 108 116,000 7.3 
6/12-15/30 Washington, IA 41 17 91 41 63 70,000 7.7 
10/9-12/30 Porter, N1 35 12 103 17 60 27,700 7.2 
7/20-25/31 Conklingville, NY 43 19 73 56 120 17,000 3.1 
6/2-6/32 Meeker, OK 35 30 96 54 84 70,000 8.7 
7/3-8/32 Clay, WV 38 28 81 05 120 36,000 5.6 
7/31-8/3/32 Lexington, KY 38 02 84 36 72 23,300 5.8 
9/5-7/32 Abilene, TX 32 26 99 41 60 20,400 4.5 
10/4-6/32 Elka Park, NY 42 10 74 14 66 60,000 7.4 

10/4-7/32 Elka Park, NY 42 10 74 14 96 29,000 6.9 
10/14-18/32 Tuscaloosa, AL 33 14 87 37 90 70,000 6.8 
10/15-18/32 Rocky Mount, NC 37 00 79 54 72 50,000 7.4 
12/21-24/32 Sulphur, OK 34 30 96 58 66 100,000 6. 7 
4/11-14/33 Durham, NH 43 08 70 56 60 20,000 5.0 
7/22-27/33 Logansport, LA 31 58 94 00 126 100,000 14.8 
8/20-24/33 Peekamoose, NY 41 56 74 23 108 66,000 8.2 
2/27-3/4/34 De Ridder, LA 30 50 93 16 126 200,000 7.2 
6/6-8/34 Akron, IA 42 49 96 33 66 53,400 5.2 
9/4-9/34 Beaufort, NC 34 44 76 39 108 19,000 7 .3 

11/19-21/34 Millry, AL 31 38 88 19 66 130,000 9.0 
11/28-12/1/34 Southport, NC 33 55 78 01 84 90,000 6.4 
1/18-21/35 Hernando, MS 34 50 90 00 84 98,500 7.9 
5/2-7/35 Mel ville, LA 30 41 91 44 126 133,000 11.1 
5/16-20/35 Simmesport, LA 30 59 91 48 102 75,000 10.4 
7/6-10/35 Hector, NY 42 30 76 53 90 38.500 8.6 
9/2-6/35 Fa stan, MD 38 46 76 01 114 48,469 10.8 
12/5-8/35 Satsum (nr), TX 29 54 96 37 60 56' 500 13.9 
7/29-8/2/36 Blountstown, FL 30 26 85 02 120 100,000 6.7 
9/14-18/36 Broome, TX 31 47 100 50 96 70,000 13.8 

9/25-28/36 Hillsboro, TX 32 01 97 08 90 157,000 9.9 
4/24-28/37 Clear Springs, MD 39 40 77 54 114 20,000 6.1 
5/26-30/37 Ragland, N1 34 49 103 44 84 37,000 3.3 
6/11-13/37 Circle, MT 47 30 105 34 60 62,000 4 .o 
8/31-9/3/37 Wolverine, MI 45 17 84 37 72 19,000 7 .o 
9/6-10/37 Bentonville, AR 36 22 94 13 84 42,750 6.1 
9/30-10/4/37 New Orleans, LA 29 57 90 04 114 20,000 11.3 
10/17-20/37 Caesars Head, SC 35 07 82 38 72 15.000 6.1 
3/28-31/38 Ford's Ferry, KY 37 28 88 06 84 25,000 6.0 
4/5-9/38 Lock No. 2, AL 32 08 88 02 108 95,000 7.9 
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'lable A.l - 253 Major storms (listed in Stona Jhinfall, l_ 10,000 at. 2 and l_ 60 br; 

72 hr > 90% total stora. aaount at 20,000 a::t. 2 , arranged in chronological order) -
ContinUed 

1000-mi 2 

Tot. st. 24-hr 
Station nearest lat. Long. Tot. st. ar~ amt. 

!Bte center Cl <' l (") (') dur. (hr) (mi ) (in.) 

6/26-28/38 Odessa, DE 39 28 75 40 60 10,500 5.3 
8/12-15/38 Koll,LA 30 20 92 45 90 34,000 12.0 
8/30-9/4/38 Loveland (nr), co 40 23 105 04 126 21,500 3.1 
9/17-22/38 Buck, CT 41 40 72 40 120 67,000 7.7 
3/9-12/39 Charleston, IL 39 29 88 11 72 70,000 3.9 
8/6-9/40 Miller Island, LA 29 45 92 10 84 36,200 18.4 
9/2-6/40 Hallett, QK 36 15 96 36 90 20,000 13.6 
11/22-25/40 Hempstead, TX 30 08 96 08 78 78,000 14.2 
5/26-31/41 Jennings, LA 30 13 92 39 120 54,000 5.6 
8/28-31/41 HayWlrd, WI 46 00 91 28 78 60,000 9.1 

9/20-23/41 McColleum Ranch, 1M 32 10 104 44 78 38,000 6.3 
10/17-22/41 Trenton, FL 29 48 82 57 138 25,000 18.2 
10/18-22/41 Lindsborg, KS 38 34 97 40 96 16,000 7.9 
4/17-21/42 Kenton (nr), OK 36 55 102 58 102 54,500 3.1 
5/19-23/42 Carbondale, PA 40 48 76 08 96 12,000 5.0 
6/23-26/42 Clifton Hill, MO 39 25 92 42 72 35,000 6.9 
7/2-6/42 Spring Branch, TX 29 55 98 25 96 52,800 6.9 
8/7-10/42 Charlottesville, VA 38 02 78 30 96 24.500 5.3 
8/29-9/1/42 Rancho Grande, N-1. 34 56 105 06 84 35' 600 6.8 
10/11-17/42 Big Meadows, VA 38 31 78 26 156 25,000 9.1 

12/27-30/42 Ashville, AL 33 51 86 20 79 30,950 9.7 
1/16-19/43 River Falls, AL 31 21 86 32 66 40,000 8.7 
5/6-12/43 warner, OK 35 29 95 18 144 212,000 11.1 
5/12-20/43 Mounds (nr), OK 35 52 96 03 192 200,000 8.5 
7/27-29/43 Devers, TX 30 02 94 35 60 33,000 13.7 
6/10-13/44 Stanton, NE 41 52 97 03 78 16,000 9.3 
6/2-5/44 Colony, WY 44 56 104 12 72 36,000 3.4 
9/12-15/44 New Brunswick, NJ 40 29 74 27 96 50,000 5.6 
8/26-29/45 Hockley, TX 30 02 95 51 72 34,000 13.4 
5/25-28/46 Renovo, PA 41 20 77 45 78 16,800 4.7 

8/12-15/46 Cole Camp (nr), MO 38 29 93 13 78 45,000 8.3 
8/12-16/46 Collinsville, IL 38 40 89 59 114 20,400 9 .o 
5/25-30/47 Plattsmouth, NE 41 01 95 53 132 300,000 
6/2-7/47 Browning (nr), MO 40 03 93 06 120 306,000 4.8 
6/10-13/47 Earlham, IA 41 28 94 07 78 300,000 
6/18-23/47 Holt (nr), MO 39 27 94 20 120 306,000 5 .6 
6/23-26/47 Annapolis , MD. 37 22 90 42 66 306,000 2.3 
6/26-30/47 lathrop, MO 39 33 94 20 96 306,000 4 .1 
8/10-13/47 Plentywood, MT 48 45 104 30 72 64,329 3.9 
8/24-27/47 Dllla s, TX 32 51 96 51 72 30,000 9.3 
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'DJ.ble A.l - 253 Major storms (listed in Storm Rainfall, .!._ 10,000 ud. 2 and.!._ 60 hr'; 

72 hr > 90% total storm amount at 20,000 1112 , ar-ranged in chronological order) -
Continued 

1000-mi 2 

Tot. st. 24-hr 
Station nearest lat. Long. Tot. st. ar~ amt. 

I8 t e center (0) (') (") ( ') dur. (hr) (mi ) (in.) 

4/22-25/50 Monmouth (nr), IL 40 55 90 43 60 20,000 4.6 
9/3-7/50 Yankeetown, FL 29 03 82 42 96 43,500 30.2 
8/9-13/51 Council Grove, KS 38 40 96 30 108 57,000 6.6 
6/23-28/54 Vic Pierce, TX 30 22 101 23 120 27,900 18.4 
8/10-15/55 New Bern, NC 35 07 77 03 126 69,000 8.9 
8/11-15/55 Slide Mt., NY 42 01 42 25 120 81,000 6 .o 
8/15-19/55 Big Meadows, VA 38 31 78 26 96 50,000 5.5 
8/17-20/55 Westfield, MA 42 07 72 45 72 35,000 12.4 
5/18-21/60 New Prague, MN 44 35 93 35 85 10,000 4.4 
9/10-13/61 Bay City, TX 28 58 95 57 90 100,000 9.6 

9/11-13/61 Shelbina, MO 39 41 92 03 60 121,000 7.1 
3/2-5/66 Courtenay (nr), ND 47 14 98 35 72 35,000 3.1 
6/19-23/72 Zerbe, PA 40 37 76 32 96 130,000 12.3 

·. 
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Table A.2 .. --Distribution of 253 major ston.:; by duration and area size classes 

~rea 10- 20- 30- 40- 50- 60- 70- 80- 90- 100- 120- 140- 160- 189 200- >300 
(10 mi2 )<20 <30 (40 <SO <60 <70 (80 <90 <100 <120 <140 <160 <180 <200 <300- Total 

Dur. 
(hr) 

60 1 7 4 5 2 3 2 2 • 1 27 
66 2 7 5 1 4 4 1 • 2 l 1 28 
72 10 3 10 4 3 1 1 1 1 • 34 
78 4 1 3 1 2 1 2 1 3 1 1 20 
84 2 2 5 2 2 3 3 3 Z2 
90 1 1 2 2 1 4 2 1 • • 15 
96 1 5 6 3 3 1 4 4 2 1 • 1 3 1 

102 1 2 1 2 2 1 1 10 
108 1 2 2 2 4 1 2 1 2 1 1 1 2 1 
114 3 1 2 2 • 3 1 1 • 13 
120 1 2 2 1 3 4 2 1 • 1 1 2 20 
12 6 l • 1 1 1 l 1 • 6 
132 • 1 1 
138 • • 1 • 2 
144 l. l 

2_150 1 1 2 

Total 24 37 41 2 1 25 20 25 9 5 22 7 3 2 2 4 6 253 

Table A.3 .. --shape ratios of 2 53 major storm isohyetal patterns relative to area size 
classes 

Area size Total no. 
ca tjgor2 Sha e ratio of storms 
(lO mi ) 1 2 3 4 5 6 7 8 

% oE total storms in category 
10 to < 2 0 1 7 33 29 8 !, 4 4 24 
20 to < 30 8 25 36 11 11 3 6 36 
30 to < 40 2 41 22 17 12 s 41 
40 to < so 24 33 19 19 s 2 1 
so to < 60 8 38 8 15 19 8 4 26 
60 to < 7 s 6 28 25 19 6 11 3 3 36 
75 to <100 22 22 26 17 9 4 23 
100 to <12 5 9 17 30 26 4 4 9 23 

> 12 5 4 35 39 4 17 23 

Total 2 53 
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Figure A.l.-Regional di.stribution of 253 JEjor storms listed in table A1 
shoving orientation of t.ot:al-stora precipitation pltterns. 
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