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First PMP Study

m The first PMF study was a result of the
cooperative agreement between the National
Weather Service who developed the first PMP
estimate 1n 1936 and the U.S. Army Corps of
Engineers. Since then all PMF studies were
based on NWS Hydrometeorological Reports.



PMF Definition
by Corps of Engineers

m The term probable maximum flood (PMF), as used in
the official documents of the Corps of Engineers,
identifies estimates of hypothetical flood characteristics
(peak discharge, volume, and hydrograph shape) that
are considered to be the most severe “reasonably
possible” at a particular location, based on relatively
comprehensive hydrometeorological analyses of critical
runoff-producing precipitation (and snowmelt, 1f
pertinent) and hydrologic factors favorable for
maximum flood runoff.



PMF Detfinition - FERC

m The definition of the PMF contained in the
FERC Engineering Guidelines is:

...the flood that may be expected from the most
severe combination of ¢tical meteorological and
hydrologic conditions that 1s reasonably possible
in the drainage basin under study.



Reasonableness of
PMF by definition

m None of the two PMF definitions use the word
“conservative,” but rather require that the
resulting PMF should be reasonable for the
specific basin under study. Both definitions use
the word “critical” but not the word
“conservative.”



Topics of Presentation

This presentation will discuss four aspects in PMF
determination that affect the reasonableness or
unreasonableness of the resulting PMFEF. These are:

® Time-Sequence or Temporal-Distribution of the

PMP
m Spatial Distribution of the PMP
®  Unit Hydrograph

® Snowpack and Snowmelt



Time-Sequence or
Temporal-Distribution of the PMP

This part of the PMF determination is very
significant in the development of the PMF for
a given watershed especially for watersheds
consisting of several small sub-basins under
the “rain-on-snow’’ condition.
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Explanation of unreasonableness
of triangular distribution

m The triangular distribution assumes that the earth

stands still for 72 hours.

Such assumption is not applicable especially for rain-
on-snow event. In other words, the triangular
distribution is not meteorologically correct.

It does not consider the variation of days within the 72
hour duration.

In a 3-day distribution, the maximum temperature
occurs at day time (around 3:00 pm) and the minimum
occurs at night.
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Meteorologically Correct
PMP Time Distribution

m Corps of Engineers divides the 72-hr PMP into
three days.

m H

52 recommends dividing the 72-hr PMP

into three days with the smallest 24-hr at the
beginning of the storm.

m H

57, HMR 58/59 (H

divid

36) recommends

ing the 72-hr PMP into three days.
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Description of PMP Time
Distribution From HMR 36 & 57

m  Group the four heaviest 6-hour increments of the 72-hour PMP

in a 24-hour sequence, the middle four increments in a 24-hour
sequence, and the smallest four increments in a 24-hour
sequence.

Within each of these 24-hour sequences arrange the four
increments in accordance with the sequential requirements.
That is, the second highest next to the highest, the third highest
adjacent to these, and the fourth highest at either end.

Arrange the three 24-hour sequences in accordance with the
sequential requirement, that is, the second highest 24-hour
period next to the highest with the third at either end. Any of
the possible combinations to the three 24-hour periods is
acceptable with the exception of placing the lightest 24-hour
period in the middle.

12



Daily PMP Distribution (1).pdw
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Daily PMP Distribution (2).pdw
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6-hr Distribution based on Daily Distribution (1).pdw
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Spatial Distribution

m The computation of PMP gives a basin-average
value, which implies even distribution over the
entire basin. It 1s meteorologically unlikely that
a storm will provide even distribution of
precipitation over any but the smallest area.
Various methods for areal distribution of general
storm PMP have been developed over the years.
For non-orographic regions of the United States
east of the Continental Divide, the spatial
distribution criteria is obtained from HMR 52.
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For Orographic Areas
(HMR 57, HMR 58/59)

Two methods are available that would enable the
hydrologist to center the PMP storm at the critical
sub-basin in a multiple basin under study. These are:

® A historical isohyetal map of a major storm in the area
which can be moved around in a critical way.

B The Bureau of Reclamation method of “successive
subtraction of PMP volumes.”

® For any but the smallest basins, it 1s meteorologically and
hydrologically reasonable to expect PMP for one sub-basin

of the total basin and something less than the PMP for the
other sub-basins.

18
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Unit Hydrograph
Definition Of The Unit Hydrograph

m The unit hydrograph is defined as the
hydrograph of storm runoff at a given point that
will result from an 1solated event of rainfall
excess occurring within a unit of time and
spread in an average pattern over the
contributing area. Rainfall excess is that portion
of the rainfall that enters the stream channel as
storm runoff.
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Conservatism in Unit
Hydrograph

m All synthetic unit hydrographs are conservative
especially the SCS triangular unit hydrograph.

® By definition, the unit hydrograph is supposed to
represent the runoff from rainfall. However, in
California, all unit hydrographs derived by the author
from the storms/floods of 1950, 1955/56, 1963, 1964,
1969, 1978, 1982, 1986 and 1997 included runoff from
snowmelt. (This represents from 300-500 flood
reconstitution using the HEC-1, Uniz Hydrograph & Loss
Rate Optimization.)

21
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Snowpack and Snowmelt

m [f the PMP is distributed in a reasonable and
meteorologically correct sequence, snowmelt

during the PMP is not a significant factor in
developing the peak flows.
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Equations used for Snowmelt

m One 1s the “degree-day” method. (Uses
temperature only to melt the snowpack.)

m The other 1s the “Energy Budget Method.
(Uses temperature, wind and rain to melt
snowpack.)

Both equations assume that snowpack is ripe for melt and

runoff.
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