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ABSTRACT

The value of runoff peak discharge of any basin is the most important hydrological
parameter that should be calculated accurately in order to determine the suitable
protection strategy and perform suitable design for any proposed hydraulic structures.

There are many factors affecting the runoff peak discharge; meteorological factors
(mainly rainfall characteristics) and basin morphological characteristics such as size,
slope, land cover, shape, soil type, and depression/surface storage. This research
discusses the reduction factors affecting the peak values due to the existence of
depressions/surface storage along the watershed main stream using 2D hydrodynamic

modeling approach.

In this research, the analysis has considered different characteristics of the
depressions with respect to the location, return period and depression area as
categorized by NRCS (1975).

The analysis results of this research have been compared with the adjustment factors
for ponding and swamp areas developed by NRCS (1975). The research showed that
the peak reduction may reach 90% of the watershed original peak flow if the
depression is located along the watershed main stream and at its lower part with

depression area equals to 20% of watershed area.

The research revealed that, The lower locations along the main stream are the most
effective on reducing peak flow values and there is a proportional relation between
depression area and the reduction percentage. The results showed that the watershed
shape factor is one of the most important factors that should be taken into account
when investigating the effect of depression on peak flows; as it may change the

reduction factors globally.



The results indicate that the NRCS adjustment factor values can’t be used without
considering other factors i.e. watershed shape factor, time to peak and depression

depth, that may lead to underestimating or overestimating the resulting hydrograph.

Furthermore, the research affirmed that, locating depressions along the main stream
Is more effective than distributing the depressions within the whole reaches of the
watershed.

Keywords: 2D hydrodynamic modeling, HEC RAS, Depressions, Surface Storage,
Runoff Reduction Factor, Watershed Shape Factor.
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List of Symbols

The following symbols are used in this thesis. Usually each symbol has one meaning,
but if there is more than one meaning for any symbol, then the meaning will be given
in the context in which this symbol is used. Other symbols, not listed here, are defined
in the main text.

A : Watershed area, (hectares)

Ak . Watershed area, (Km?)

C : Runoff coefficient

f : Infiltration rate

F : External Forces

Fp : Ponding adjustment factor

g : Gravitational acceleration

I : Rainfall intensity, (mm/hr)

la : Initial abstraction, (inches)

I : Average rate of inflow during the time interval
Ku : Units adaptation factor,(360 in S.I system)

n : Manning's Roughness Coefficients

0 : Average rate of outflow during the time interval
P : Rainfall depth, (inches)

Q . Runoff dishcage rate, (m®/sec)

Qo : Excess rainfall depth, (mm)

Ja : Adjusted maximum discharge value, (m®/sec)
Op : Maximum discharge value, (m®/sec)

Qu : Unit maximum discharge value, (m®/sec)

R : Runoff depth, (inches)

S : Maximum potential retention, (inches)

AS : Change in volume of storage during the time interval
So(X,Y) : Bed slopes in the x- and y- directions

St (x,y) : Friction slope in the x- and y- directions

t : Time

At : Time Interval

u ; Fluid Velocity.

) : Fluid Density.

M ; Fluid Dynamic Viscosity

\Y : Deferential Operator

0 Partial deferential
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