US Army Corps
of Engineers
Hydrologic Engineering Center

%( Generalized Computer Program

HMR52
Probable Maximum Storm

(Eastern United States)

User's Manual

March 1984
Revised: April 1987

Approved for Public Release. Distribution Unlimited. C P D'46



REPORT DOCUMENTATION PAGE

Form Approved OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching
existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this
burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden, to the Department of Defense, Executive
Services and Communications Directorate (0704-0188). Respondents should be aware that notwithstanding any other provision of law, no person shall be
subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ORGANIZATION.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
March 1984
revised April 1987 Computer Program Documentation

4. TITLE AND SUBTITLE
HMR52
Probable Maximum Storm (Eastern United States)

5a.

CONTRACT NUMBER

5b.

GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER
CEIWR-HEC

5e. TASK NUMBER

5F. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
US Army Corps of Engineers

Institute for Water Resources

Hydrologic Engineering Center (HEC)

609 Second Street

Davis, CA 95616-4687

8. PERFORMING ORGANIZATION REPORT NUMBER
CPD-46

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

10. SPONSOR/ MONITOR'S ACRONYM(S)

11. SPONSOR/ MONITOR'S REPORT NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Computer program HMR52 computes basin-average precipitation for Probable Maximum Storms (PMS) for the eastern
United States in accordance with the criteria specified in Hydrometeorological Report (HMR) No. 52 (National Weather
Service, 1982). That HMR describes a procedure for developing a temporal and spatial storm pattern to be associated the
Probable Maximum Precipitation (PMP) estimates provide in Hydrometeorological Report No. 51.

15. SUBJECT TERMS

HMRS52, probable maximum storms, PMS, probable maximum precipitation, PMP, spatial storm patterns, temporal,

subbasins, river basin, watershed, time distribution

16. SECURITY CLASSIFICATION OF:

a. REPORT b. ABSTRACT c. THIS PAGE
U U U

17. LIMITATION
OF
ABSTRACT

uu

18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
OF

PAGES
100 19b. TELEPHONE NUMBER

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39-18




HMR52

Probable Maximum Storm
(Eastern United States)

User’'s Manual

March 1984
Revised: April 1987

US Army Corps of Engineers
Institute for Water Resources
Hydrologic Engineering Center
609 Second Street

Davis, CA 95616

(530) 756-1104
(530) 756-8250 FAX
www.hec.usace.army.mil

CPD-46



10 December 1984
Conditions of Use

The following conditions regulate the use of computer programs developed by the Hydrologic
Engineering Center (HEC), Corps of Engineers, Department of the Army.

1. The computer programs are furnished by the Government and are accepted and used by the
recipient individual or group entity with the express understanding that the United States
Government makes no warranties, expressed or implied, concerning the accuracy, completeness,
reliability, usability, or suitability for any particular purpose of the information or data contained
in the programs, or furnished in connection therewith, and that the United States Government
shall be under no liability whatsoever to any individual or group entity by reason of any use
made thereof.

2. The programs belong to the United States Government. Therefore, the recipient agrees
neither to assert any proprietary rights thereto nor to represent the programs to anyone as other
than Government programs.

3. The recipient may impose fees on clients only for ordinary charges for applying and
modifying these programs.

4. Should the recipient make any modifications to the program(s), the HEC must be informed
as to the nature and extent of those modifications. Recipients who modify HEC computer
programs assume all responsibility for problems arising from, or related to, those modifications.
User support from the HEC to third part recipients will only be provided after the second party
demonstrates that program difficulties were not caused by their modifications.

5. This "Conditions of Use" statement shall be furnished to all third parties that receive copies
of HEC programs from the recipient. Third party recipients must be notified that they will not
receive routine program updates, correction notices, and other program services from the HEC
unless they obtain the program(s) directly from the HEC.

6. All documents and reports conveying information obtained as a result of the use of the
program(s) by the recipient, or others, will acknowledge the Hydrologic Engineering Center,
Corps of Engineers, Department of the Army, as the origin of the program(s).
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Section 1
INTRODUCTION

1.1 Program Purpose

Computer program HMR52 computes basin-average precipitation for Probable
Maximum Storms (PMS) in accordance with the criteria specified in
Hydrometeorological Report No. 52 (National Weather Service, 1982). That
Hydrometeorological Report (HMR) describes a procedure for developing a
temporal and spatial storm pattern to be associated with the Probable Maximum
Precipitation (PMP) estimates provided in Hydrometeorological Report No. 51,
"Probable Maximum Precipitation Estimates - United States East of the 105th
Meridian." The U.S. National Weather Service (NWS) has determined the
application criteria in a cooperative effort with the U.S. Army Corps of
Engineers and the U.S. Bureau of Reclamation.

Other reports, HMR Nos. 36, 43, 49 and 55 (NWS, 1961, 1966, 1977, and
1983, respectively) describe the PMP in other regions of the U.S., Fig 1.
This program, HMR52, is applicable only to the eastern U.S., and is intended
for areas of 10 to 20,000 miz. (HMR No. 52 also contains a 1-mi=,
1-hr PMP). A time interval as small as 5 minutes can be used for storm
definition. Before using the HMR52 program, one should be thoroughly familiar
with the procedures described in Hydrometeorological Report No. 52.

N

105° MERIDIAN
7 HMR
NO. A3 %™ \o. 55
o/
7/
N\©o
\
MR R
ND_49 N% NO.
= 2
3 _
HMR ©
NO. 36

Figure 1. Regions Covered by Generalized PMP Studies (NWS, 1980)
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The generalized PMP maps of HMR No. 51 are stippled in two regions,
indicating estimates may be deficient because of orographic influences. Major
projects within the stippled area should be considered on a case-by-case basis
and expert hydrometeorological guidance should be sought.

Data required for application of the HMR52 program are:

X,Y coordinates describing the river basin
and subbasin watershed boundaries;
PMP from HMR No. 51 (NWS, 1978); and
Storm orientation, size, centering, and timing.

The program computes the spatially averaged PMP for any of the subbasins or
combinations thereof. The Probable Maximum Flood (PMF) can then be computed
as the runoff from the PMS, using an appropriate precipitation-runoff program
such as HEC-1 (Hydrologic Engineering Center, HEC, 1981). A typical
application of HMR52 does not produce a PMS. The PMS is defined by the Corps
of Engineers to be that storm which produces the PMF. Thus, the PMS can only
be determined by computing (and maximizing) runoff. That is, the runoff
characteristics of a watershed must be considered in PMF (and therefore PMS)
development.

HMR No. 52 requires that a critical storm-area size, orientation,
centering and timing be determined which produces the maximum precipitation.
The HMR52 computer program will optimize the storm-area size and orientation
in order to produce the maximum basin-average precipitation. The user must
provide the desired centering although the centroid of the basin area is
provided as a default option.

The user must specify the time distribution for that storm. Using that
time distribution information, the HMR52 program will produce a data file
containing the incremental basin-average precipitation values for every
subbasin requested. That precipitation data file will subsequently be input
to a rainfall-runoff model, such as HEC-1, for computation of the resulting
flood. The user then analyzes the various storm variables and recomputes the
floods in order to determine the storm which produces the maximum runoff.
That storm and runoff are defined as the PMS and PMF, respectively.

1.2 Computer Requirements

The HMR52 computer program requires a computer with 45K {(decimal) words
of core storage and 7 scratch tape/disk files. Plots of the basin geometry
and storm patterns can be made on a line printer. Section 10 of this manual
specifies detailed computer hardware and software requirements.

1.3 Acknowledgements

The computer program HMR52 was written by Paul B. Ely of the HEC.
John C. Peters provided much valuable assistance in the design of the
program's capabilities and applications methodology.



Section 2
PROBABLE MAXIMUM STORM ANALYSIS PROCEDURE

2.1 Probable Maximum Precipitation Definition

Probable Maximum Precipitation (PMP) is 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. Hydrometeorological Report No. 51 (HMR No. 51) contains generalized
(for any storm area) all-season estimates of PMP for the United States, east
of the 105th meridian, Fig. 1.

2.2 Probable Maximum Storm Definition

Probable Maximum Storm (PMS) is a hypothetical storm which produces the
Probable Maximum Flood from a particular drainage basin. Hydrometeorological
Report No. 52 (HMR No. 52) provides criteria and step-by-step instructions for
configuring a PMS using PMP estimates from HMR No. 51. Key concepts upon
which the procedures in HMR No. 52 are based are as follows.

2.2.1 Spatial Distribution

The spatial distribution of the PMP is governed by principals described
under four headings: ischyetal shape, orientation, storm-area size, and
spatial variability. :

(1) Isohyetal shape. The PMS is represented by elliptical isohyets,
each of which has a ratio of major axis to minor axis of 2.5 to 1. Standard
ellipses have been established containing areas from 10 to 60,000 mi=2
(Fig. 2).

{SOHYET AREAS
NQOT SHOWN

0 10 20 30 40 50 J—1500 0-10000 MI2
—_t i 1 1 ) K—2150 P-15000
MILES L— 3000 Q-25000
M— 4500 R—40 000
N

— 6500 S-60 000

Figure 2. Standard Isohyetal Pattern (NWS, 1982)
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(11) Orientation. There is a preferred orientation for storms at a
particular geographic location. That orientation is related to the general
movement of Storm systems and the direction of moisture-bearing winds,
Contours of preferred orientation are shown in Fig. 3. When developing a PMS,
it is generally desirable to orient the storm to produce maximum precipitation
volume in the watershed. PMP will be reduced by an adjustment factor (shown
in Fig. 4) when the storm orientation differs from the preferred orientation
by more than + 40 degrees.

(111) Storm-Area Size. The average precipitation depth over an area is
PMP for one and only one area size. This is the "storm-area size." The
average precipitation on areas larger or smaller than the storm-area size is
less than PMP for the larger or smaller areas. Fig. 5 illustrates this
concept for a storm area of 1000 mi2. The storm-area size is chosen to
yield the maximum precipitation volume from a given drainage basin.

L™
o

g :
X

— At STATUTE MILES

25"

- ) / W o 10 20 30
s 100 0 100 200 300 400
KILOMETERS
91° 87" 83* 79 75°

Figure 3. Preferred Orijentation for PMS (NWS, 1982)
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Figure 5. Comparison of PMP Depth-Area Relation
with 1,000 mi2 PMS (NWS, 1982)

{(iv) Spatial Variability. Spatial variation of precipitation is a
maximum during the 6-hr period when the maximum precipitation occurs. Spatial
variation diminishes for the second and third largest 6-hr amounts. For the
remaining 6-hr periods, the within-storm precipitation is uniform, but there
is spatial variation in the residual precipitation occurring outside the
elTiptical boundary that corresponds to the storm-area size. HMR No. 52
contains nomograms which express spatial variation for each 6-hr period as a
percent of PMP. Percentages for selected area sizes are tabulated in Tables 1
through 4. For each isohyet, the percent of PMP for the storm area is
interpolated from Tables 1-4. Those percentages are multiplied times the PMP
to obtain precipitation for each isohyet for each 6-hr interval. A graphical
illustration of a typical spatial variation is shown in Fig. 6.
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Figure 6. Spatial Variation in PMP Intensities
2.2.2 Temporal Distribution
The factors governing the temporal distribution of the PMS are as
follows:

*

PMP for all durations (up to 3 days) occurs in the same PMS. The PMP

pattern is developed so that any duration of storms less than 72 hours is

contained in the PMS.

The four 6-hr periods with the greatest precipitation may occur any time

except during the first 24 hours of the storm.

The 6-hr increments of precipitation are arranged such that the
increments decrease progressively to either side of the greatest 6-hr
increment. An example of one such distribution is shown in Fig. 7.

The 6-hr increments may be distributed into shorter intervals. Fig. 8
shows ratios of 1-hr to 6-hr precipitation for the 'A' isohyet of a
20,000 mi2 storm. This ratio is determined for the storm-center
location and used to adjust ratios read from Table 5 for each isohyet
within the storm-area size. Maximum 5-, 15-, and 30-min intervals are
given only for the maximum 1-hr increment within the maximum 6-hr
increment.
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Figure 8.
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Section 3

PROBABLE MAXIMUM PRECIPITATION DETERMINATION

3.7 Al1-Season PMP Estimates

Generally, a three-step process is followed in determining PMP in
nonorographic regions: moisture maximization, transposition and envelopment.
Those processes are briefly described below; HMR No. 51 gives a complete
explanation of the PMP procedure,

Moisture maximization consists of increasing storm precipitation measured
in a major historic event by a factor that reflects the maximum amount of
moisture that could have existed in the atmosphere for the storm location and
time of the year.

Transposition refers to the process of moving a storm (i.e., isohyetal
pattern) from the location where it occurred to another location of interest.
Transposition is carried out only within a region that is homogeneous with
respect to terrain and meteorology.

Envelopment involves construction of smooth curves that envelope
precipitation maxima for various durations and area sizes to compensate for
data gaps. Also geographic smoothing is performed to insure regional
consistency.

Using those principles, PMP's for various sized area and storm durations
were calculated by the NWS. The results are generalized and plotted in a
series of figures (18-47) in HMR No. 51. One of those plots, the all-season
PMP for the 6-hr 10-mi2 PMP, is illustrated here in Fig. 9.

Figure 9. Al11-Season PMP (inches) for 6 hours, 10 mi2 (NWS, 1978)
14



3.2 Example Calculation of PMP

It 9s desired to obtain PMP estimates for the Leon River basin above
Belton Reservoir, Texas, Fig. 10. The drainage area is 3,660 mi2; the
location of the centroid of the basin is 31°45' N, 98°15' W.

From the PMP maps in HMR No. 51, the PMP values for area sizes larger and
smaller than the drainage area are determined. The all-season PMP for 6 hours
and 10 mi2 was shown in Fig. 9 (which is Fig. 18 in HMR No. 51). Values
taken from figures 18 through 47 of HMR No. 51 are shown in Table 6.

al

</ BELTON
RESERVOIR

Figure 10. Leon River Basin, Texas (NWS, 1982)
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Table 6

PMP Depths (by Area and Duration) for
Leon River Basin

Area
{mi=2

10
200
1000
5000
10000
20000

)

Duration (hours)

) 12 24 48 12

29.8 36.2 41.8 46.7 49.8
22.3 27.4 33.0 37.5 41.4
16.2 21.2 26.8 31.0 34.5
9.3 13.1 18.1 22.6 25.9
1.2 10.4 14.9 18.8 21.0
5.2 8.2 11.7 15.4 18.4

From the depth-area-duration data in Table 6, plot PMP depth versus the

Togarithm of drainage area for each duration.

duration.

4000

LN L N L B B B e I L LI R LR I L l | ] l LI B B ) I LI | I ]
30000t DURATION Chr) ]
€ 12 24 48 72
200001 .
100004— -~
5000+ -]
4000 -
3000~ -1
20001 —
&
E
~
1000 =
< — —
w = —
o« — —
L4 — -
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Draw smooth curves for each

The curves should be parallel or converge slightly with increasing
size, as illustrated in Fig. 11,

Figure 11. Depth-Area-Duration Curves for
Leon River Basin (NWS, 1982)
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It is highly recommended to physically plot the initial
depth-area-duration values taken from the various figures (figures 18-47) in
HMR 51 as shown in Fig. 11 of this users manual. This initial plotting of
the basic input data serves two functions. One, it eliminates reader errors
from basic misinterpretation of values read off the figures in HMR 51.
Second, initial important smoothing of the basic precipitation data is

appiied.

Using the depth-area-duration graph of Fig. 11, determine PMP depths for
the storm-area sizes of interest. A plot of the area-specific PMP values
versus duration on linear graph paper can be used to obtain PMP depth for any
duration between 6 and 72 hours. The above curve fitting is done
automatically by the HMR52 program. The user need only provide the
depth-area-duration data, e.g. Tablie 6, for the geographic location in
question. Using this PMP data, the PMS is calculated as described in the

next section.
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Section 4

EXAMPLE CALCULATION OF A PMS

To illustrate the procedures given in HMR No. 52, suppose that it is
desired to derive a storm for a storm-area size of 3,000 mi2 for the Leon
River basin. The storm is to be centered at 31°45' N, 98°15' W with an
orientation of 314°, as shown in Fig. 12.

Figure 12. Isohyetal Pattern Placed on Leon River Basin
(NWS, 1982)
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4,17 Determination of PMP Intensity versus Duration

The PMP for an area of 3,000 mi2 (determined from Fig. 11} is shown
in Fig. 13. The incremental precipitation amounts, calculated (including
additional smoothing) from the cumulative amounts given in Fig. 13, are as
follows:

6-hr PMP
Increment Inches Increment Inches
1 11.40 1 1.00
2 4,14 8 1.00
3 2.71 9 0.90
4 2.11 10 0.90
5 1.64 11 0.80
6 1.20 12 0.80
30 T T 1 ) 1 [ 1 ) 1 1 T )
204+
? -
x
1&- -
g
104
0 ' ' ' : : f : ! : : ! :
[o] lG 1'2 ||8 24 30 36 42 48 54 €0 66 T2

DURATION —hours

Figure 13. PMP Depth-Duration for 3,000 mi2 Storm
on Leon River Basin
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4.2 Adjustment for Storm Orientation

From Fig. 3, the preferred orientation for this storm location is 208°,
which differs by 106° from the selected orientation of 314°. From Fig. 4,
the PMP must therefore be multiplied by 0.85. The adjusted PMP is as follows:

6-hr PMP
Increment Inches Increment Inches
1 9.69 7 0.85
2 3.52 8 0.85
3 2.30 9 0.77
4 1.79 10 0.77
5 1.39 1 0.68
6 1.02 12 0.68

4.3 Determination of Basin-Average Precipitation

The nomograms in Figs. 14 through 17 are required for determining the
spatial distribution of precipitation. Tables 7 through 10 show computations
to determine basin-average precipitation for the four largest 6-hr
increments. Basin-average precipitation for the remaining increments (5th
through 12th) can be obtained as a proportion of the 4th largest increment,
because the same spatial distribution is used, For example, the 3,000
mi2 PMP for the 5th largest increment is 1.39 inches. Basin-average
precipitation for the increment is 1.39 (1.69/1.79) = 1.31 inches.
Basin-average precipitation for the twelve increments is as follows:

6-hr pmp
Increment Inches Increment Inches
1 8.31 1 0.80
2 3.25 8 0.80
3 2.17 9 0.73
4 1.69 10 0.73
5 1.31 11 0.64
) 0.96 12 0.64

4.4 Temporal Arrangement

An acceptable temporal arrangement (Fig. 7) of the basin average
precipitation is as follows:

6-hr Basin-Average 6-hr Basin-Average

Day Period Precipitation Day Period Precipitation
1 1 0.64 inches 1 “1.31
2 0.64 8 2. 17
3 0.73 3 9 8.31
4 0.73 10 3.25
2 5 0.80 11 1.69
) 0.96 12 0.80
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Table 7

Basin-Average Precipitation for Largest 6-hr Increment

21

Basin-Avg. Ppt. = 30419,

B Area Area Within Average
Within Isohyet and Incremental % of 3000 Isohyet Precipitation Volume of
Isohyet Isohyet Basin (A) Area AA sq.mi. PMP Precipitation on AA Precipitation

sq.mi. sq.mi. sq.mi, (9.69 in.) in. in. in.-sq.mi.

A 10 10 10 191 18.51 18.51 185.1

B 25 25 15 179 17.35 17.93 268.9

c 50 50 25 166 16.09 16.72 418.0

D 100 100 50 154 14.92 15.51 775.5

E 175 175 75 142 13.76 14.34 1075.5

F 300 300 125 132 12.79 13.28 1660.0

G 450 450 150 122 11.82 12.31 1846.5

H 700 700 250 112 10.85 11.34 2835.0

1 1000 971 271 102 9.88 10.37 2810.0

J 1500 1364 393 92 8.91 9.39 3690.3

K 2150 1852 488 83 8.04 8.48 4138.2

L 3000 2434 582 74 7.17 7.61 4429.0

M 4500 3171 737 44 4.26 6.01 4429.4

N 6500 3660 489 25 2.42 3.80 1858.2

30419.9

9 + 3660 = 8.31 in,




Basin-Average Precipitation for Second Largest 6-hr Increment

Table 8

Area Area Within Average
Within Isohyet and Incremental % of 3000 Isohyet Precipitation Volume of
Isohyet Isohyet Basin (A) Area 4A sq.mi. PMP Precipitation on AA Precipitation

sq.mi. sq.mi. sq.mi. (3.52 in.) in. in., in.-sq.mi.
A 10 10 10 119.5 4.21 4.21 42.1
B 25 25 15 116 4.08 4.15 62.2
c 50 50 25 112.5 3.96 4.02 100.5
D 100 100 50 110 3.87 3.92 196.0
E 175 175 75 108 3.80 3.84 288.0
F 300 300 125 106 3.73 3.77 471.3
G 450 450 150 104 3.66 3.70 555.0
H 700 700 250 102 3.59 3.63 907.5
I 1000 971 271 100.5 3.54 3.56 964.8
J 1500 1364 393 99 3.48 3.51 1379.4
K 2150 1852 488 97 3.41 3.45 1683.6
L 3000 2434 582 96 3.38 3.40 1978.8
M 4500 3171 737 67 2.36 2.97 2188.9
N 6500 3660 489 45 1.58 2.17 1061.1
11879.2
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Basin-Avg. Ppt. = 11879.2 : 3660 = 3.25 in.




Table 9

Basin-Average Precipitation for Third Largest 6-hr Increment

Area Area Within Average
Within Isohyet and Incremental % of 3000 Isohyet Precipitation Volume of
Isohyet Isohyet Basin (A) Area AA sq.mi. PMP Precipitation on AA Precipitation

sq.mi. sq.mi. sq.mi. (2.30 in.) in. in. in.-sq.mi.
A 10 10 10 105.7 2.43 2.43 24.3
B 25 25 15 104.6 2.41 2.42 36.3
C 50 50 25 103.5 2.38 2.40 60.0
0 100 100 50 102.5 2.36 2.37 118.5
E 175 175 75 101.7 2.34 2.35 176.3
F 300 300 125 101.3 2.33 2.335 291.9
G 450 450 150 100.9 2.32 2.325 348.8
H 700 700 250 100.5 2.31 2.315 578.8
1 1000 971 271 100.2 2.30 2.305 624.7
J 1500 1364 393 99.9 2.30 2.30 903.9
K 2150 1852 488 99.6 2.29 2.295 1120.0
L 3000 2434 582 99.3 2.28 2.285 1329.9
M 4500 3171 737 76 1.75 2.07 1525.6
N 6500 3660 489 57 1.31 1.64 802.0
7941.0

23

Basin-Avg. Ppt. = 7941

.0 : 3660 = 2,17 in.




Basin—Average Precipitation for Fourth Largest 6-hr Increment

Table 10

Area Area Within Average
Within Isohyet and Incremental % of 3000 Isohyet Precipitation Volume of
Isohyet Isohyet Basin (A) Area A sq.mi. PMP | Precipitation on aA Precipitation
sq.mi. sq.mi. sq.mi. (1.79 in.) in. in. in.-sq.mi.
A 10 10 10 100 1.79 1.79
B 25 25 15 100 1.79 1.79
c 50 50 25 100 1.79 1.79
D 100 100 50 100 1.79 1.79
E 175 175 75 100 1.79 1.79
F 300 300 125 100 1.79 1.79
G 450 450 150 100 1.79 1.79
H 700 700 250 100 1.79 1.79
I 1000 971 271 100 1.79 1.79
J 1500 1364 393 100 1.79 1.79
K 2150 1852 488 100 1.79 1.79
L 3000 2434 582 100 1.79 1.79
M 4500 3171 737 76 1.36 1.62 1193.9
N 6500 3660 489 57 1.02 1.28 625.9

Basin-Avg. Ppt. = [1.79 (2434) + 1193.9 + 625.9] + 3660 = 1.69 in.
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4.5 PMF Determination

The example just shown provides a storm for a specific storm-area size,
storm centering and storm orientation. What would be required for a PMF
analysis, however, would be the storm that produces the maximum peak
discharge or runoff volume, depending on the project purpose, for the 3,660
mi2 drainage basin. It is therefore necessary to try various
combinations of storm-area size, centering, orientation and temporal
distribution until maximization of peak discharge or runoff volume 1is
achieved. Fig. 18 illustrates how basin average precipitation varies with
storm-area size for the Leon River basin. For the particular centering and
orientation used in the example, a storm-area size of 2,150 mi2 produces
the maximum basin average precipitation. As may be deduced from the example
problem, voluminous computations are required to determine the PMS. The
HMR52 computer program has been developed to facilitate that task.

3000 ] . :

J
1

20004

2

STORM AREA SIZE - MI.

1000+ -

1

- :
i3 14 I5
BASIN - AVERAGE PRECIPITATION - inches

Figure 18. 18-hr Basin-Average Precipitation for
3,660 mi2 Leon River Basin
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Section 5

COMPUTER PROGRAM HMR52 PROCEDURES

5.1 Digital Definition of Basin Geometry

The HMR52 computer program uses a digital definition of the watershed
boundaries for computing basin-average precipitation from watershed area and
superposed isohyetal patterns. The boundary of a drainage basin is defined by
line segments joining a sequence of coordinate points. The sequence of
boundary points should be counter-clockwise around the basin or subbasin. If
the direction is clockwise, the program will reverse the order to be
counter-clockwise for later calculations.

5.1.1 Geometric Properties

The following geometric properties of the watershed are calculated using
the n boundary points having coordinates (xy, yy):

Area (A):

n
A= - (172) g : (X341 = X3) (Y347 * ¥3) P A

Centroid coordinates (x¢, ye¢) :

n

o= s V/MTE (g =) O sy v ey - (@)
n

Vo= - L/ T Xy = Xy) Dy (25, + %))

+ y1 (x1+1 + 2x1)] P )

Moment of Inertia about x and y axes (Iy, Iy) :

n

- 012 5 (319 - ) (Vi + Y5 Wypg #93) - o o (4)

e
It

n
2
y = 7 /1203 [Xyq = xg) T (g ¥y)

]
fl

RN OO A I (A T ) BN £
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Product of Inertia about the origin (P, ):

Xy
n 2
Py = = (1728) §=] (Xy,7 - %) [¥75 (Bfﬁ+1 + Xy)

2
+2y1+1y1(xi+1 * xi) tYy (X1+] + 3x1)] . .« . . (86)

Angle to rotate coordinate axes to produce minimum moment of inertia about
the x-axis. (em)

(em) {1/2) arctan {—2ny/(1x-1y)] for Ix < I . . . (7a)

Y

(e,)

(172) arctan {[~2ny/(IX~Iy)}~w/2} for Ix > Iy e (7b)

5.1.2 Coordinate Systems

The basin is described in an x,y coordinate system with x-axis directed
eastward and y-axis directed northward. Placement of the coordinate system
origin and the coordinate units are arbitrary.

The isohyetal pattern of the PMS is described in a u,v coordinate system
which has its origin at the storm center and axes parallel to the major and
minor axes of the elliptical pattern. The coordinate units are in miles.

The transformation from the x,y axes to the u,v axes is given by:

u (x - xg) cos @+ (y-yg)sine Fg . . . . . . . . . (8B)

(y - ys) cos & - (x - Xg) sine Fg e v+« + e+ .+ . (8b)

<
fl

where (xg,¥s) 1s the position of the storm center, e is the angle of
rotation from the x-axis to the u-axis, and Fg is a scale factor in miles
per X,y coordinate unit.

5.2 Calculation of PMP for a Storm Area

This calculation 1s made for a given storm area and depth-area-duration
data from HMR No. 51. The procedure used is as follows:

5.2.1 Interpolation of PMP Depth-Area-Duration Curves

The user supplies PMP depths from HMR No. 51 for standard areas and
durations that bracket the storm area of interest. Straight Tine
interpolation is used in the program to calculate PMP for the storm area for
durations of 6, 12, 24, 48, and 72 hours (e.g. Fig. 19).
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Between 10 and 200 mi2, the error from using straight line
interpolation versus curve fitting is significant. To reduce this error, an
additional point is calculated midway between logyg 10 and logyg 200
mi2. This area is approximately 44.7 mi2, Fig. 19. The difference in
PMP from 10 to 200 mi2 for this curve was 8.5 inches. To estimate PMP at
44.7 mi2 for other locations an adjustment of 1/8.5 times the difference
in PMP from 10 to 200 mi2 is added to the PMP resulting from straight 1ine
interpolation.
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Figure 19. Linear Approximation of Depth-Area-Duration Relations



5.2.2 PMP Depth-Duration Curve Fitting

A logarithmic curve is fit through the depth versus log duration data
using a least-squared-error fit.

The equation of the curve is
P=a+baen(D+sS) . . . . o o o 0000 e e e (9)
where P is PMP in inches; D is duration in 6-hr periods; S is a shift
adjustment ranging from -1 to 2.5 6-hr periods; and a and b are derived

constants. The shift adjustment is determined by trial and error to minimize
the sum of squared errors to reproduce a curve such as was shown in Fig. 13.

5.2.3 Incremental PMP Calculation

PMP is computed from equation (9) for durations from 6 to 72 hours.
Incremental 6-hr PMP is then computed as the difference between the values of
PMP for successive durations. The PMP for the ith 6-hr period, Py, is

Py=as+ban(i+s)-Pi-1 . . . . . . . . . . . (10)

5.3 Calculation of PMS for Given Storm Area and Orijentation

5.3.1 Orientation Adjustment

PMP is calculated for the storm-area size as described in Section 3.
This PMP is multiplied by the orientation factor, Fy, which is computed from

Fo=1-015C1Cp « « « v v v o e e e (11)
0 for |0g - Op| < 40
where Cy= {05 % = %0 gor 40 < jog - 0,1 < 65
25
1 for |0 - Opl > 65
0 for Ag < 300
and Cp = As - 300 for 300 < Ag < 3000
' 2700
1 for Ag > 3000

where Og is the storm orientation, Oy is the preferred orientation and Ag
is the storm area.
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The adjusted PMP, Py', for the i1th 6-hr period is calculated as

Pi' =Py *Fg v v v e e e e e e e e 1)

5.3.2 Isohyet values

The percent of PMP for each isohyet is interpolated from the data in
Tables 1 through 4 using straight Tine interpolation of percent versus natural
Tog of area. Multiplying PMP by the percentages gives the precipitation
amount for each isohyet for each 6-hr period for a given storm-area size.
Thus, the PMP for the jth isohyet and 1th 6-hr period is

P1,j = Py' ¥ PCTj OO B3

where PCTy is the percentage of the PMP in the jth isohyet,

5.3.3 Calculation of area enclosed by an ellipse and the basin boundary

Coordinates of the boundary points are fransformed to the PMS coordinate
system using equations (8a) and (8b). The intersections of the ellipse with
the basin boundary are located. Each arc of the ellipse between intersections
is approximated by 20 points located at equiangular increments. The area of
the basin encompassed by the elliipse (see Fig, 20) is calculated from equation

(1).

basin boundary

Figure 20. Basin Area Encompassed by El1lipse
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5.3.4 Basin-average precipitation

The precipitation volume, V, between isohyets is computed as the volume
of a truncated cone (see Fig. 21). The volume for the ith g-hr period is

v, = Pig " P (A

3

3 + AjAj+1 + Aj+1) R R L))

where subscript j identifies the ischyet and A is the drainage basin area
encompassed by the ellipse corresponding to the isohyet. Basin average
precipitation is the sum of volumes between isohyets divided by the drainage
basin area. ‘

Draincge basin
boundary

Figure 21. Representation of Precipitation Volume Between
Two Isohyets with a Truncated Cone
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5.4 Calculation of PMS for Time Intervals Less Than 6 Hours

After the storm-area size and orientation have heen determined, the
program calculates the temporal distribution. The required data for this
calculation are: the desired time interval, aAt, in minutes; and the ratio
of 1-hr to 6-hr precipitation for the 20,000 mi2 'A' isohyet, referred to
as R16A20, from Fig 8. The procedure used in the HMR52 program i1s as follows.

The NWS has developed a set of curves describing the 1-hr/6-hr ratio for
each isohyet and various storm-area sizes (figure 40, NWS, 1982). Those
curves have been tabulated by HEC into a set of discrete values as shown 1in
Table 5. Those Table 5 values are automatically specified in the HMRS52
program (see ComRuter Requirements section and Table 24). The value of that
ratio for the jt isohyet, R16TABy, for a specific storm-area size, is
interpolated from Table 5 data us2ng straight 1ine interpolation of logarithms
of the area. Those generalized values are adjusted b¥ the required input
value, R16A20, to obtain the required ratio for the } h isohyet, R]bj.

Rlﬁj = R]6TABj + RIBA20 . . . . . . . . ..o .S
The 1-hr rainfall for the jth isohyet is computed as

Pl3 =RI6y *Py 3 . « +« « « « « « o o o o o .. (1)

where P1 5 is the maximum 6-hr precpitation for isohyet j calculated in
equation 213).

A least square quadratic equation is fit through the 0-, 1-, 6-, 12-,
18-, and 24-hr precipitation amounts for each isohyet. For residual
precipitation (outside the storm area) the 1-hr amount is omitted.
Precipitation is interpolated for 5-, 10-, 15-, 30-min, 2-, and 3-hr durations
for each isohyet. The average precipitation over the basin is computed for
each of these durations, Fig. 22.

incremental
Pracipitfotion
for ith At

Uﬂnml

Depth

—

R ——

at
ith At interval
Duration

Figure 22. PMS Depth versus Duration
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Incremental precipitation is calculated for the total number of at
intervals from the basin-averaged depth versus duration data. This results in
a sequence of intervals with decreasing precipitation intensity, Fig. 23.
Incremental precipitation is assumed to be uniform within each 6-hr period
beyond 24-hrs duration. These intervals are rearranged to form the PMS as
follows:

The position of the largest 6-hr increment may occur any time after
the first 24 hours of the storm as shown in Fig. 24. The seventh
position (hours 37-42) is chosen by default.

The largest At increment of precipitation is placed in the middle
of the largest 6-hr precipitation interval. The remaining at
increments for that 6-hr period are arranged alternately before and
after the largest increment.

The remaining 6-hr intervals, with decreasing precipitation
magnitude, are arranged alternately before and after the largest
6-hr-precipitation interval, except the second, third, and fourth
largest 6-hr increments cannot be placed in the first 24 hours of the
storm. These increments are placed after the largest increment, if
their normal position would fall in the first 24 hours of the PMS.
The At increments within the second, third and fourth largest 6-hr
increment are arranged to increase towards the storm's peak
precipitation. This results in a triangular-like hyetograph of PMS
precipitation.
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Figure 23. Incremental PMS Depth Histogram
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Section 6
OPTIMIZATION OF STORM-AREA SIZE AND ORIENTATION

The amount of precipitation on a basin is affected by the storm
placement, storm-area size and storm orientation. HMR52 uses a procedure to
estimate storm-area size and orientation which will produce maximum
precipitation on the basin. This procedure will determine the optimal
storm-area size and orientation for most basins. However, because of the
interaction of storm placement and orientation, several trials should be made
to verify that the optimal values have been found.

6.1 Storm Center

When the storm placement is not given, the storm center is placed at the
basin centroid.

6.2 Storm-Area Size

If the storm orientation is not given, a trial orientation along the axis
for which the basin has a minimum moment of inertia i1s used. This orientation
is selected as an analytically determinable orientation which is most 1ikely
to produce maximum precipitation on the basin without regard to the
orientation adjustment factor. Using the trial orientation the average
precipitation on the basin is calculated for several storm-area sizes (see
example is Section 9). The storm-area size which produces maximum precipita-
tion is selected as the critical storm-area size. The critical storm-area
size may need fo be recomputed if other orientations or placements are used.

6.3 Storm Orientation

Because of interaction between basin shape and the orientation adjusiment
factor, the trial orientation used to select storm-area size may not produce
maximum precipitation on the basin. Using the critical size selected above,
the storm precipitation is calculated for orientations at 10-degree increments
between 135 degrees and 315 degrees. Storm precipitation is then calculated
for orientations at plus or minus 5 degrees from the previous best
orientation. The orientation which yields maximum precipitation on the basin
is chosen as the critical orientation.

If the critical orientation is not the same as was used to select the
critical storm-area size, the storm-area size may have to be recomputed using
the critical orientation. This is the user's responsibility. It is not done
automatically.

6.4 User Control of Optimization

Precipitation on the basin for the purposes of selecting storm-area size
and orientation is the cumulative precipitation for the 3 largest b-hr
periods. The number of periods may be changed by the user.

Storm placement, storm-area size, or orientation may he fixed by the
user. In addition the trial orientation used to select critical storm-area
size may be specified by the user.
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Section 7

INPUT DATA REQUIREMENTS

Input data are described in detail in the Appendix. Table 11 shows the
sections of an input data file required to calculate a PMS,

Drainage-Basin-Geometry data includes coordinates of points on the basin
boundary and a scale factor.

Required Hydrometeorological data are the preferred storm orientation
from Fig. 3 and PMP estimates from figures 18-47 in HMR No. 51.

The Storm-Specification data define the storm-area size, orientation, and
location of the storm center. Calculation of a temporal storm distribution
requires the desired time interval and ratio of 1-hr to 6-hr precipitation
from Fig. 8.

Three example input data sets are given in this document:
Leon River--Table 11
Jones Reservoir--Table 14
Quachita River--Appendix A Example

The Leon River application is for computation of the PMS over a single
basin for given storm-area size, orientation, centering, and time pattern.

The Jones Reservoir application is for a multi-subbasin river basin in
which the storm-area size and orientation are optimized by the program for the
river basin as a whole. The storm centering was not specified so the default
centering of the basin centroid is used. The time pattern is given. After
computation of the PMS for the entire rive basin, the PMS is calculated for
each subbasin.

The Quachita River example is similar to the Jones Reservoir application
except that given storm-area size, orientation and centering data are provided
after the optimization is completed. That given PMS is then calculated and
subbasin precipitation is computed for the given PMS data, not the optimized
values.
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Tabile 11

Sample Input for HMR52

ID PROBABLE MAXIMUM STORM CALCULATION FOR EXAMPLE 1 IN HMR

Job Description (Identification)

ID LEON RIVER AT BELTON RESERVOIR

BN

LEON

851.0062

B8X
B8X
B8X
BX
B8X
BX
8X
8Y
BY
BY
B8Y
8Y
BY
BY

HO
HP
HP
HP
HP
HP
HP

SA
ST

2z

46.4
18.7
-12.4
~-51.6
-25.8
5.8
44.0
-45.9
-1.2
42.0
42,1
-1.6
-23.5
-46.9

208

200
1000
5000

10000
20000

3000
—2.2
120

Drainage Basin Geometry

NO. 52

Hydrometeorological Data from HMR No. 51 and 52

53.4 52.2 52.5 46,1
16.6 14.2 12.6 2.1
-19.3 -20.7 =-25.8 -28,1
-53.6 -55.,1 -51.6 -45.6
-22.6 -18.6 -9.7 -4.7
9.6 13.1 15.5 19.8
-38.4 -32.8 -29.7 -27.7
3.4 5.5 8.5 9.5
41.8 44.9 48.7 55.4
33.6 31.4 28.8 28.2
-2.9 -9.6 -7.8 -9.4
-34.0 -36.7 ~-41.0 -43.4
29.8 36.2 41.8 46.7
22.3 27.4 33.0 37.5
16.2 21.2 26.8 31.0
9.3 13.1 18.1 22.6
7.2 10.4 14.9 18.8
5.2 .2 11.7 15.4
Storm Specification
134
2.4
.306

End-of-Job

49.8
41.4
34.5
25.9
21.0
18.4

w
o]
.

] ] L] . - L]
QUINMNOIN OO

4