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Abstract

Introduction: Subsurface flow estimation (SUF) is important in
many catchments with suitable vegetation and high soil
permeability and plays an essential role in the production of direct
runoff in the basin. The concept of SUF in soil is even more complex
compared to surface flow, so the presentation of SUF prediction
models of basins with simple and practical methods is important.
Methods: In this study, SCS and Nash surface runoff precipitation
models were used to estimate the subsurface flow of the catchment
hillslopes. From the unit hydrograph equations of the two models,
which are a function of the subsurface travel time and the amount
of penetration, equations were presented to calculate the actual
subsurface travel time of the hillslopes for the use of the models.
Findings: For verification of the results, the laboratory rain model
with the ability to measure the flow rate of surface and subsurface
hillslopes was used. The average error of SCS model compared to
the laboratory model in estimating surface runoff peak is 7.8% and
in estimating subsurface flow is 6.7% and the average error of Nash
model in estimating runoff peak is equal to 11.21% and in
estimating subsurface flow is 11.32%. The effect of slope and
hydraulic conductivity of hillslopes on SUF hydrograph was also
evaluated by two models.
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Estimation of subsurface flow of hillslopes using of Nash and SCS models

Extended Abstract

Introduction

Runoff of all hillslopes of catchments consist
of three components: surface flow,
subsurface flow and base flow. Subsurface
flow is a rapid subsurface flow that occurs
near a soil surface and is very important in
the Dunne-Black mechanism in creating the
saturation surface of hillslopes. This
subsurface flow eventually enters the
surface flow in the saturation zone and joins
the creek. The basin flow is a slow
subsurface flow that is usually manifested by
the infiltration of rainwater into the
subsurface layers and the exit of these layers
from the earth's surface in rivers. Many
rainfall-runoff models such as Nash, SCS,
Clark, geomorphological instantaneous unit
hydrograph (GIUH) models have been
proposed to predict the surface flow of
slopes and extensive research has been done
on these models. The SCS model, developed
by the Soil Conservation Service, is a well-
known model used to estimate the surface
flow of basins. The results of this model have
been evaluated in many catchments around
the world.

The basic idea of this study is based on the
fact that surface rainfall-runoff models also
have the ability to estimate the subsurface
flow of catchments and the main difference
in the concept of surface and subsurface
travel time is excess rainfall and feeding
intensity to the aquifer. Surface models
estimate surface flow based on excess
rainfall and surface travel time, so this
feature can be used to estimate subsurface
flow based on infiltration rate and
subsurface travel time.

Materials and Methods

In this study, SCS and Nash surface rainfall-
runoff models were used to estimate the
subsurface flow in both the hillslope and
catchment dimensions. From the unit
hydrograph equations of the two models,
which is a function of the subsurface travel
time and the amount of penetration,
equations were presented to calculate the
actual subsurface travel time of the
hillslopes for use in the models.

To validate the results of the two models in
the hillslope dimension, the results of
observational surface and subsurface flow of
two laboratory models and the HYDRUS
model were used. In order to validate the
results of the two models in the basin
dimension, information related to sub-basin
No. 125 of Walnut Gulch basin and HYDRUS
model were used.

Findings

To verify the results, the laboratory rain
model with the ability to measure the flow
rate of surface and subsurface hillslopes was
used. The average error of SCS model
compared to the laboratory model in
estimating surface flow peak is 7.8% and in
estimating subsurface flow is 6.7% and the
average error of Nash model in estimating
peak surface flow peak is equal to 11.21%
and in estimating subsurface flow is 11.32%.
The effect of slope and hydraulic
conductivity of hillslopes on SUF
hydrograph was also evaluated by two
models.

Discussion

In this study, the subsurface flow of
catchment hillslopes was estimated using
two models, Nash and SCS. The use of surface
rainfall-runoff  models to  estimate
subsurface flow has been proposed for the
first time and requires further research.
Subsurface travel time and the amount of
feeding depth or infiltration into the soil
layer are two important parameters in
estimating subsurface flow. To apply the two
models, first a rectangular hillslope with a
length of 50 meters and a width of 25 and a
slope of 0.06 was considered. Sandy soil with
a hydraulic conductivity of 0.6 m/h was
used. To evaluate the results of both models,
the above hillslope was also modeled with
HYDRUS software. The error of the
subsurface flow peak results in SCS model
was 8.7% and in Nash model was 14.5%. The
effect of changes in soil hydraulic
conductivity and slope on the subsurface
hydrograph of the hillslope was evaluated by
the model. The impact of both parameters is
significant. Then, to verify the results, the
results of two laboratory models of
hydrological sprinkler were used that the
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surface and subsurface flow of the hillslope
can be measured separately. In the first
model, three slopes of 3, 6 and 9 degrees
were considered for the hillslopes with three
rainfall intensifies of 31.73, 47.6 and 63.46
mm/h for the device. The average error in
estimating the runoff peak level was 7.8%
and in estimating the subsurface flow was
6.7% by SCS model. In Nash method, the
average error in estimating the surface
runoff peak was equal to 11.21% and in
estimating the subsurface flow was 11.32%.
In the second model, three slopes of 1, 5 and
10 degrees were considered for the
hillslopes with three rainfall intensifies of
11.40, 11.59 and 11.71 mm/h. The mean
error in estimating the subsurface flow peak
was 7.8% by the SCS model and 7.5% by the
Nash model. Finally, models were used to
estimate the subsurface flow of sub-basin
No. 125 in the Walnut Gulch basin in the
United States. The flow peak rate of
subsurface flow by Nash and SCS methods
for the event was calculated to be 16.4 and
21 lit/sec, respectively. Then, to verify the
results in the basin dimension, 12 hillslopes
of Walnut Gulch sub-basin were also
compared in model HYDRUS software and
the output results were compared. The error
of the subsurface flow peak results in SCS
model was 3.2% and in Nash model was
24.7%.

Conclusion

Rainfall-runoff models also have the ability
to estimate the subsurface flow of
catchments and the main difference in the
concept of surface and subsurface travel
time is excess rainfall and feeding intensity
to the aquifer. Surface models estimate
surface flow based on the amount of excess
rainfall and surface travel time, so this
feature can be used to estimate subsurface
flow based on infiltration rate and
subsurface travel time.
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