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A STUDY ON THE SUBSURFACE RUNOFF AND ITS
EFFECTS ON RUNOFF PROCESS

By Dr. Eng., Tojiro Ishihara, C.E. Member,
Takuma Takasao, C.E. Member

1. Relation between Structure of Surface
Soil and Subsurface Flow

In a general river basin, a considerable portion
of rain-water, which infiltrates from basin surface,
moves laterally through the surface soil layer
covering a river basin until it returns again to
the surface at some points downward {rom its
point of infiltration. Since this phenomenon is
designated as the subsurface flow phenomenon,
it depends materially on the structure of surface
soil layer. Though the characteristics of struc-
ture of surface soil layer differes in each basin
they may be classified into two regions, vegetable

covered and barren, for practical hydrologic

problems. The former is normally characterized
by the surface soil layer which is several tens
centimeters in depth and comsists of organic
matters. Water in such a layer has a tendency
to flow laterally as gravity water, for the
porosity of soils in the layer is high. Beneath
the surface-soil layer exists a relatively imper-
meable layer of thin thickness, which consists
of fine soil deposits setting with infilitrated
water. Accordingly, water infiltrated from the
surface is temporally stored in the surface-soil
layer and, thereafter, the lateral gravity flow
along its bottom occurs. Such a lateral flow
returns again to the surface at downward loca-
tions on the slope temporary streams on the
slope surface is formed, and the surface drainage
net-system, finally, developes as the rainfall
continues. This process will show the hydraulic
behavior of the subsurface flow. In the
barren soil region, the subsurface runoff pheno-
mena scarecely apperear, since the lateral flow
immediately under the surface does not occurs.

In the normal headwater area, however, the
subsurface flow phenomena become quite impor-
tant in relation to the runoff process, because the
basin surface is almost covered by the dense

vegetation and the portion of barren area is very

small.

2. Variation Pracess of Surface Flow Area

Fig. 1 is one-dimensional schematic diagram
which shows a flow state near surface layer at
any time after rainfall beginning. In this dia-
gram, L is the length of slope; D the depth of
surface layer, being assumed constant; sin @ the
slope, » the rainfall intensity; 7y the return rate
of water from the subsurface layer to the surface
per unit area; gg the maximum discharge in
the surface layer ; ¢ the infiltration capacity
through the surface layer into the lower layer.
The behavior of surface flow can be represented
by the principles of dynamics and continuity as
follows ; that is, on the characteristic curve

X:;%j:ds [: Uj (r+rg) —dlg-}

» a-pyp
+g(&,7) ] T R (1)

the discharge is

q:|: U:(Hry) _th_} +q(c’,r)p}‘/p 1

or S oeeeeas (2
o= [ rermderate,o |

where g is the discharge per unit width; x the
distance ; ¢ the time; &€ and r the point and the
time, respectively, from which the characteristic
curve starts, g(&, ¢) the discharge at & and r.
Assuming that the surface flow holds the Man-
K=(n/sind)?, p=3/5,
where 7 is the roughness coefficient.

ning’s formuls,

If £ is considered as the point showing the
upper end of surface flow area, £ in Equations
(1) and (2) is identical with &, which is the
index representing the occurrence area of surface
flow as shown in Fig. 1. Moreover, if ¢, is not
found, the behavior of surface flow cannot be
determined.

&, must be satisfied by the following relation
which is derived from the continuity condition
of flow in the saturated region:
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= (r S>:J'o 7‘dx4j50 ervaOidx—qs (3)
where 7 is the effective porosity ; .S the saturated
cross-sectional area. The water profile in the
surface layer from the upper end of slope to &,
may be assumed by a straight line, although it
varies with the changes of rainfall intensities.
Under this assumption,

S:%D(ZL—EO) .................................... (4)

Inserting Eq. (4) into Eq. (3), the differential
equation of &, can be obtained as follows:

dé, 1 . (1
dr +2<r‘1)>(””1>g°‘2<71)>

(LG ) A qs) woeeremrmmmneenaeeieaene (5)
and the solution of Eq. (6) is
50:<J';b.efg‘”zds+c> Jomae (6)

a:2<r—lD_> (r+rg), b:2<715> {Lirg—+1)

+asi=2(+ ) Lerar+ ),

and ¢ is the integral constant.

Fig. 2 illustrates the runoff process as men-
tioned above in the z-¢ plane. The amount of
rainfall up to #, is the initial loss and may not
run off, at #,, and the subsurface flow and the
surface flow begin from this time approximately.
£, changes with the rainfall variance due to Eq.
(6), and after the rainfall ceases, the surface
flow area (L —¢&,) deduces exponentially from
the relation of Eq. (6) in which »=0. It is
apparent that the subsurface and surface flows
occur only over the area which is repre sented
by the portion shown by hatching in Fig. 2. Also
7y continues up to the time £, at which £ =L.

3. Relation between Discharge Recession

Characteristics and Subsurface Runoff

The discharge recession curve is known to
reduce exponentially and commonly represented
q=qoet e 7y
where g, is the initial discharge and 2 the nearly

as follows:

constant which is affected by the basin character-
istics. Differentiating Eq. (7) with respect to
time ¢, and assuming the derivative of 2, di/d¢,
is usually small compared with 1, so Eq. (8)

becomes approximately

The discharge recession curve after the end
of rainfall, as shown in Fig. 2, is divided into
two regions, ¢,<f<(t, and #,<¢<¢,. £, is the time
of rainfall end and ¢, the time at which the
characteristic curve from t,, contacting to £,-curve
at time ¢,,, reaches to the downward end of
slope.

(1) £4=<t<t,: Since the initial discharge ¢(¢,,
7) 1s approximately zero in this region, 2 can
be expressed as follows, by Eq. (2), in which
q(&,, ) is zero, and Eq. (9),

d
Z:_W{Iogr‘mcL*fo)} ........................ (9)

where, - :f Crraddef (L)

From this equation, it may be recognized that
A in this region is influenced by the rainfall
variance, and the assumption that the derivative
of 2 is small no ‘onger holds good.

(2) ¢, =<¢,: The approximation, g{¢,, t)=

0, cannot be allowed in this region. The follo-
wing relation can be obtained approximately,
(éﬂ> f.<d50> . 10

dt Jtose<r, \ dt Jy=ect, T an

x=E,

Applying Eq. (10) to Eq. (2),

ot (e 3 (L) -

Thus, from Egse (2), (5), (8 and (11), the

following equation is obtained,

A=

a 1 . dr
— [H; (A=piLpracL-e0} |47

and dr/dt is given by Eq. (2) and (8) as follows ;

dr 1+p2(—0)q?/{g? —q(&,, )%}
dt  1+pa(t—0)q(&,)?/(A—p){g? —q(&,,m)?}

Since the second terms in numerator and deno-
minator of Eq. (13) are very small in com-
parison with unity, dr/dt can be assumed to
be omne approximately.

mentioned
above, 2 becomes approximately as follows :

Consequently, from these facts

a

DA s (14)

Eq. (14) is the important formula with respect
to runoff analysis, which represents the relation
between 7y, 7D, which are considered very
difficult to measure in field, and 1, which is
possible to estimate by using the hydrograph.





