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Groundwater Recharge Through Rainfall Seepage Device in City Area

Hiroki

i, Introduction

One of the important requirements for the loca-
Lion of cily is 1o be able 1o oblain water. Prior to
the construction of the modern water supply
system, source of water in city for domestic use is
congidered 1o have depended on, in most cases,
groundwater or inflow water. With the dawn of
madlern age when the water supply system was
fully furnished, vse of groundwater for general
domestic purposes decreased. Nevertheless, the
groundwater had been continuowusly used mainly
for industrial purposes due o lower price com-
pared to supplicd water.

Approximately from 1920, the ground sulbsi-
dence phenomena has been recognized due to
pumping of groundwater. In 19505, radical ground
subsidence occurred primarily in Tokyo and
Cisaka, heightening danger of sertous disaster such
as storm surge damage. Corfespomding 1o this
situation, as ground subsidence prevention meas:
ures, the “Industrial Water law® and the "Law
Regarding the Groundwater Intake for Archilec
tural Structure” (so-called Bullding Water Law)
wiere enacted in 1956 and in 1962 reapectively, In
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cities located on the ground subsidence belt, the
intake as well as the use of groundwater had
become the chiefl concern of the regulation.
Consequently, the groundwater had been gradu-
ally wnused and forgotten, 2o 1o speak, as one
constituent of the water eirculation in cities. On
the other hand, the amount of groundwater re-
charge has been progressively lowered in city
areas as a result of promaotion in constructing road
pavements and concrete buildings due to pursuit
of convenbence and effiiency in urban activities,
The rate of land use in the metropolitan Tokyo is
as indicated in Table | according to the survey of
existing conditions of land wse carried out in 1991
{Tokyo City PFlanning Bureau, 1994). In considera-
tion of the area ratio and the building coverage
ratio of the residential land, which is listed in Table
1, are 47%, the impermeable area due to covering
by buildings and roads is considered to reach up to
47.9% of the total area of the metropolitan Tokyo.
With the increase of the impermeable area,
varicus forms of problems have started o appear
in cities, One such problem is the increased inci-
dence of the urban flecd. In cities, rain fallen on the

impermeable area directly flows into urban rivers

Tabkla 1 Land use rate in the matropalitan Tokyo

Hesidential land J 56.9% | Park, e 5% Unused land |  4.01%
Hoad, eic. i‘ 20.2% Agricultural land 2.0% Water surface 3.
Fores | 0% Feeld 0 5 (hhers 5,09

LAs of 1991}

* Departerend of Erveirceemental Systems, Faculty of Geo-envwronmantsl Sciencs.  Raishs Univeraity, Eumagaya City, Saitama pref



through drain channels and the sewerage system,
In Tekvo the inundation damage has come Lo
oocur (requently at the Kanda River amd the
Meguro River, As a consequence, urban rivers
have been gradually teansformed inta rivers hard-
ened with conerete revetment for purposes of the
flood prevention

Another problem iz the impact of diminished
inflow water on the environment. With decreased
volume of recharge 1o the groundwater due 1o
expanson of the impermeable area, volume of
inflow water, which has been long existing at the
gite, diminished and the volume of river water,
which has its source in the inflow water, gradually
decreased accordingly, As a resull of decreased
volume of the inflow water, such impact as the
destruction of the ecosystem of animals and plants,
which had been seen in the vicinity of the inflow
water or the surrcunding of rivers, started 1o
BCCARr,

Furthermore, increase of impermeable  arca
resulied in decreased evapotranspiration from the
earth surface, which reduced the amount of heat
that must be lost as the latent heat through the
heat balance, Consequently, the temperature indi-
rectly rose in the inner city. which lesd to the
acceleration of sccalled heat island phenomena
{Takamura, 1994},

The solution to these problems is considered to
b found as the groundwater regains its rele in the
urban hyvdrological cycle system.

With regard to the increase of urban flood. a
variely of run-off control measures have become
implemented based on the dea of the comprehen-
sive flood control. In carrying oul these measures,
altempts have been made in various places to
controd the surface run-off by infilirating  the
rainfall into the ground.

Mevertheless, all of these measures are mainly
concerned with the run-off conirel at the time of
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flood and seem to fail in fully supporting the idea
af the groundwaler being positioned in the system
of hydrological cycle including the time of low
waler, In the future, the role of the groundwater.
which contributes to the urban hydrological cvele
system. must be recognized with much more

impartance,

2 . Groundwater recharge as the restoration
aof the natural environment

In natural condition prior 1o the existence of
cilies, it is pssumed that much of precipitation
infiltrated into underground, forming the hydro-
legrical ¢ycle system primarily consisting of the
groundwater.

However, demaolition of existing buildimgs and
pavied roads with the aim of restoring land to its
original state prier to the development of city
micans the denial of existence of city itaelf. There-
fore, it is necessary to consider how environment
that is clesest to nature can be actualized within
cxisting cities. In other words, method of restoring
the natural cnvironment must be considened
rather than nature preservation

The concept of the technolegy in the natural

environment restoration  §s summarized by
Sugivama. Shinshi (1962). In the summary,
Shinshi states the following words with the em-
phasis on the idea of the biological aystem.
“It is mecessary to reconsider the enginecring-
oriented idea that happiness of human belngs orf
abundance of cities can be actualized by accumiu-
lating and intensifying technologies in indusiry,
cte. Essence of the natural environment as well as
the planning principles of cities must be oonsid-
ered o lie rather in the “nature of life® and the
“nature of bislogy®, which had not been full appre
ciated until today,

Conventionally, water adminisiration has placed
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emphasis on the water utilization and the (oosd
control. However, today as the coexistence with
nature is demanded, there should be no water
administration that dees not incorporate the water
cnvironment inle policies It 18 not the structure
that cxpects the effects of surface run-off control
from the promotion of the rainfall infiltration from
the point of urban (lood damage, but the irreversi-
ble nature, which can bée ruined by the waler
shortage or depletion of the groundwater, the
inflow water and rivers, that must be paid serious
attention. When considering the waler environ:
ment along this lime of idea, in sddition to the point
previously made, such geoscientific ideas about
the land, where cities are located. as the develop-
mental history of the topographical features or
geological environment are Increasingly essential,
Moreover, the relationship with human living
which has been built up in the course of the city
development, must be also taken into considera-
tiom,

For instance. reversible effects can occur if
soepage facilities and permeable pavements are
thouwghtlessly constructed ignoring  the lopo-
graphic features of the site just because the infil
tration into the groundwater is important, There
are many other things to be faken into account
including the quality of water that is to be infil-
trated and biological preservation of the area
where the inflow water originstes,

When considering the urban water environment
restoration plan, more comprehensive plans must
be established (rom the above-mentioned point of
view.

In the following section, case studies on the
groumndwater infiliration in cities are Introduced
with the illusteation of studies conducted in the
ward of Setagaya, Tokya,

3. Rainfall infiltration with the aim of
maintaining inflow water
{the case of Setagaya Ward)

There are several locations of the inflow water in
the ward of Setagaya, Tokyo, The most Lypieal of
all can be seen along the terraced cliff, called the
Hokubungl cliff line,

The Kokubunji cliff line, which continues mostly
along the Tama River, is the terraced cliff formied
at the Musashine Plateay with the extension of
about 20 km and the elevation difference of a
couple of meters to some dozens of meters. This
terraced cliff begins in the surrounding area of the
Sa Hiver located at the north of Tachikawa Station,
croszes the JE Chuo Line betwesn the section of
Hunitachi and West Kokubunji (measuring the
relative height of about 15 m ai this area), passes
through the south side of the Kokubung Station
Cabout 15 m at this areal, the former Tokyo Astros
nomical Observatory {15 m at this area), the south
side of the Shindai Temple (15 m at this area) via
the Seijoh Gakuen in the Setagayva Ward (15 m at
this arca), and finally ends at the Tama River in
the vicinity of Kaminoge (20m at this area),

The Kokubunji cliff line, regardless of the upper
or lower streams, has the distribution of the source
of inflow water everywhere Prehistorie ruins,
which dale hack to the ancient time of the Stone
Age, are found here and there and the inflow water
has been used widely by the human race for pur
poses of drinking, agriculture, and other mizcella.
neous uses. There have been wide variety of bio
logical species existing in the surrounding of the
inflow water, On the south side of the Kokubunji
cliff line, the Nogawa River flows from south to
easl, collecting the inflow water from its water
source, The source of inflow water does not only
fallow along the cliff line but is distributed along
heads and walls of small valley (the Sen River and



Kovabe River in the surrounding area of Setagava
Ward}), which penetrates into internal plateau
cutting the line of clff, Numerous sources of
inflow water are distributed aleng the Kokubunji
cliff line and small valley within the ward of
Selagaya.

With the development of urbanization, the
Mogawa River became progressively  polluted,
exceeding the BOD value of 20 mg.1 in the 1970
{Bureau of Environmental Protection of Tokyo,
1963). Deterioration of water quality to such
degree is largely due to the undeveloped sewerage
system. However, one of the reasons is considered
to be attributable to the diminished amount of the
inflow water Mowing inio the Mogawa River as a
result of the expanded impermeable area due to
the wrbanization. Therefore one direction for the
water quality improvement was presented in the
“Tokyo waterfront environment conservation
plan” (Bureau of Environmental Protection of
Tokyo, 1993) as well as In the “Tokya
Groundwater Conservation Guideline” {Bureau of
Environmental Protection of Tokye, 1994) saying
thai “through the conservation of a group of inflow
water amd the promotion of the stormwater infil-
tration into the ground, the restoration of the
inflow water area as well as the increase of the
amount of inflow water must be achieved in order
to secure the water volume of rivers for the ordi-
nary times”,

Heightened concern among general public with
the environmental issves brought about the or
ganization of & number of citizen's growps, who ane
interested in water, in the surrounding area of
Nogawa River, These groups, are steadily partici
pating in such activitbes as the restoration of the
inflow water ancd the conservation of the water
front environment {Tsubayama. Wakabayashi,
1991},

In addition to the seepage experiments, the
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present writer has been Continuously carmied out
observation of the groundwater level and the
inflow  water amount, olc, mainly targeting
“Mitsuike inflow water™ located at Seijoh in the
ward of Setagava, with the aim of conserving the
inflaw  water along the Hokubunji cliff line
through the infilteation of water, which is collected
in the seepage inlets from roods of private houwses,
into the ground (Takamura, 1988),

To conserve the inflow water along the cliff line,
it is evident that the rainfall must be infiltrated as
much as possible al the hinterland of the inflow
water, However, in the case of rainfall infiltration
with the wse of seepage inlets, study must be
conducted on the location and the number of
seepage inlels o lcilitate effective conservation,

Accordingly, a typical stwdy was carried out, as
indicated below, to find the appropriate condition
of the rainfall infiltration (Takamwura, 1996a,
19560,

4 . Functions required for the inflow
water consarvation

(1} Water Mow of the cliff line inflow water

When considering the inflow water conserva-
tion, preliminary study must be carried out as to
how precipitation transforms itself into the inflow
water [ Takamura, 1994},

The geological structure of the plateau, which is
the hinterland of the inflow water found along the
Kokubunji cliff line in the ward of Sctagava,
consisls of the loam layver at the top, the clay loam
layer, and the Musashino gravel layer at the bot-
tam, The precipitation fallen onto the carth surface
infiltrates into the loam laver and further reaches
down o the gravel layer over time. forming the
groundwater surface in the Musashino grawvel
layer, Because the spring of the inflow water is
found at the owtcrop of the Muzashino gravel layer
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on the cliff, the groundwater of the Musashinog
gravel laver is considered to spring oul as the
inflow water,

Much of the precipitation fallen on the ground
surface infiltrates as long as the location 18 either
the bare land or the vegetation covered land,
However in the case of built-up areas or paved
roads, rainfall runs off into the sewage without
infaliration,

The infiltrated water first travels within the
uppermost laver, or the loam laver. The loam layer
(including the loam clay layer) is considered to
remain constantly unsaturated, not being satu-
rated with walter,

The waler reaching the saturated stratum in the
Mu=azhino gravel layer runs off at the spring of
inflow water where the gravel layer crops out. As
a resill of the rumn-ofi, height of the groundwater
surface becomes lower as nearing the inflow water
spring and the total flow of the groundwater is
formed in a horizontal direction toward the inflow
wiler spring. As a matter of fact, not only the fMlow
toward the inflow water spring but alse the total
[bow of the continuoas Musashino gravel laver is
considered o exist.

If the process of yearly flux, from the state of
precipitation through the inflow water, s ex-
pressed in the discharge duration curve which is
arranged in the order of precipitation, a gentle
curve must be formed at the later part of the
discharge duration curve. It is desirable to have
gentle discharge duration curve because the most
important item in maintaining the inflow water
depends on the maintenance of flux during dry
period,

The mechanism of smooth discharge duration
curye must lie in the traveling process of waler as
mentioned above. This can be roughly divided into
the 2 types of delays: one accompanied with the

vertical travel of water in the unsaturated stratum

and the other acoompanied with the horzontal
travel of water in the saturated stratum. More
detailed classification of this is indicated in the
following,

1) Thickness of the unsaturated layer

The thicker the unsaturated layer, the smoother

the curve of discharge duration must become,
2 Permeability of the unsaturated layer

It i= considered thai the higher the permeability

of the unsaturated layer, the smoother the curve

of the discharge duration. However, the total
amount of permeability can be reduced if the
permeability is too low, preventing a large
volume of precipilation from infiltration, Low
permeability is also considered a cause of losing
witer to the evapotranspiration becawse of
stagnatlion of water in the upper part of the
unsaturated layer for the long period of time.

(3 Horizontal expansion of the saturated layer

A gentle curve of the discharge duration is

consilered o be atinbutable to the widely

expanded aquifer at the hinterland of the inflow
water because the wider the range of aquifer, the
slower the waler to reach the inflow water.

) Thickness of the saturated laver

I is considered that the thick saturated laver

increases the amount of flux to the horizontal

direction, causing 1o form a sharp gradient of the
discharge duration curve,
5 Permeahility of the saturated layer

Similar 1o the case of thickness, it is considered

that the high permeability of the saturated layer

increases the fMux to the horzontal direction,
contributing to the acute gradient of the dis-
charge duration curve,

Measures for the inflow water mainlenance can
be inferred if the effectiveness of each above-
mentioned element is revealed.

Among items discussed in the above, the thick-
ness of the unsaturated laver, the hosizontal



expansion of the saturafed layver and the form of
seepage facilities have been herein studied inde.
pendently through the typical model with respect
1o the influence on the discharge duration curve,

(2} Influence of the thickness of the uwnsaturated
layer
To study the influence on the thickness of the
unsaturated layer, an analysis was carried oul
using a 1 -dimensional wnsaturated seepage model,
The basic equation for the calculation is as follows,
p.c00 = B ke i)
Here,
Pw - Water density
Wm : Matrix potential
C : Specific water volume

[= ::_ AV Water content by valume |

K : Unsaturated permeable coefficient (i e
function of ¥ m)
g : Gravitational acceleration

The numerical analysis was carrbed out with the
adoption of the finite difference method on 5
types of thickness : 2m, 4 m, 6 m, Bm and 10m.

As boundary condition, the precipitation in
addition to the evapotranspiration were given
daily as flux at the upper edge. Al the lower edge,
the air invasion potential was given as the con-
stant value, considering that the lower edge aciu-
ally iz the upper edge of the capillary water belv
The valwe given is = 2 1/ kg= =204 H 0.

The evapotranspiration was given only on days
without préecipiiation.

With respect to the precipitation, the year 1984,
which recorded the least precipitation in 11 vears
(messuring the annual precipitation of $28.6 mm)
between 1981 and 1991, was targeted among the
precipitation  observed  at Seijoh Mitsuike,
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However, the previous year of 1983 was ulilized as
the warm-up period for the calculation,

For the evapotranspiration, the calculated value
ef the monthly evapotranspiration, which is pe
sulted from the application of the Thornthwaite's
formula, divided by the number of days per month
was used. For the temperature, the mean monthly
temperature  according 1o the Meteorological
Agency (located at Ohtemachi) was used. The
upward flux at the upper edge on days without
precipitation was given o evapotranspiration as
the boundary condition. However, to avoid infinite
evapotranspiration, Lthe evapotranspiration was o
be zero when the pressure head at the earth surface
became below -5 ]~ kg = -510ca HL, On days with
precipitation, the evapotranspiration is smaller
than the value of the calculated mean monthly
evapolranspiration divided by the number of days
in a month,

The following formula was applied to the waler
retention curve (Campbell, 1987},

Y.=¥

In this foemula, W, represents the air invasion
potential and &L the water content by volume in
saturation, Values of"band &, shall be; b = 5
and &, =0L%

The coefficient af the unsaturated permeability
wis obained through the following formula,

K=Kl ::]* SRR |
In this formula, K. stands for the coefficient of
the saturated permeability, o = 2 4+ 3 b, The
value of the saturated permeable coefficient was to
be 10 < 10" cm.sec,
The amount of run-off at the lower edge of the
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unsaturated layer. which is obtained from each
case of calculation, arranged in the value of
hydraulical regime is indicated in Fig. 1. In this
calculation, because the boundary condition is to
be in saturation at the lower cdge. the amount of
run-off al the lower edge of the unsaturated layer
(i. & Mux) can be regarded as the amount of re-
charge to the saturated layer. As indicated in Fig.
I, the hydraulical regime is greatly influenced by
the thickness of the unsaturated layer. The low
water Mux as well as the dry flux, in particular. are
affected more than the time of abundant water
such as the wet flux. Because of this reason, when
installing seepage facilities for the purpose of the
inflow water maintenance, il is considered prefer-
able to install the facilities at the location with the
thickest possible loam laver, which plays a role of
the unsaturated layer. Estimating solely from the
results of this calculation, in the case of the unsatu-
rated layer with the thickness of less than 5 m, it
is considered that the maintenance of the dry flux
may nod be achieved even with the installation of
the secpage facility,

L] ] (] i
Tha bars ol cmise wadl Lips

Feg. 1 Differsnca of the hydraulical regime according o
1hi thickness of the unsatwrated layer

) Influence of the horizontal expansion of the
saturated layer

The influence of the horizontal expansion of the
saturated laver on the hydraulical regime was

studied through the horizontal | -dimenstonal Mow
madel of the saturated groundwater, The hasic
equation of the model is as follows.

] B e
5, Kin ﬂﬂ: = tR 14
Here,

K: Coefficient of permeability

h: Groundwater level

£ Aquifer bedrock altitude

n: Effective percentage of void

B : Amount of recharge per unit arca
For "R" in the above formula, the amount of run-off
from the unsaturated layer shall be given.

The finite difference method was adopted for the
numerical solution method.

Five cases of horizontal length wereestablished ¢

100, 200m, 300m, 4A00m and 500m.

The height and the boundary condition of bed-
rock wore fixed as leveled 0 m and the water level
af 1 monly on one side respectively. The amaount
of the run-off can be obtained at the point where
the water level is fixed,

The amount of recharge shall be the amount of
run-cff obtained at the thickness of 8 m in the
unsaturated laver, which is wsed for the previeusly
discussed calculation. Calculation was conducted
also for the period of two yvears including one vear

of the warm-up period.

k .
I T S
'i . .
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ika il em i Liim
Lol ol ot i i bl ol Ll

Fig. 2 Difference of tha hydraulical regeme sccording to
tha thickness of the saturatid ysr



The results of the caleulation on the amount of
the run-off are summarized in Fig. 2 . Each of these
results of the calculation on the run-off amount is
indicated as the height of men-off (mm. day), in
which the calculated amount of run-off = divided
by the size of the domain.

As shown in this figure, the expansion of the
saflurated layer is influencing both the wet flux
and the dry flux. From the point of the dey flux,
difference of more than twofold exists between the
amount for 100 m and the 500 m.

For the size of approximatcely 100 m, there is no
significant  difference  observable  from  the
hydraulical regime of the amount of run-off from
the unsaturated laver. Based on this fact it is
assumed that the inflow water with the narrow
range of influence depends the delay of the run-off
largely on the delay in the unsaturated layer.

Al InfMueence of the form of seepage facilities

When the secpage [acilitics such as secpage
inlets are installed, the amount of seepage at the
secpage facilitics is equivalent to the precipitation
collecied at the intake facilities. Therefore if sim-
ply vigwing the lecation of the scepage facilities,
several times the amount of the actual precipita-
tion is suppose to infiltrate into the ground. The
infiltration in the unsaturated layer is charscter-
izt by the increase in the water content in per-
centage of tolal weight with the larger amount of
the infiltration, resulting in the larger coefficient of
the unsaturated permeability. Therefore between
hypothelical cases of the infiltration on the bare
land and the concentrated infiltration at the seep-
age facility, the centrally infiltrating case is consid-
cred to have the larger gradient of the curve of the
discharge duration for the run-off from the unsatu-
rated layer.

Mot only the vertical flow but also the horizontal
direction of the flow is supposed to occur at
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directly below the seepage facility. Therefore the
analyais wast carried out with the use of the 3 -di
mensional unsaturated scepage model,

The following formula, which collectively ex-
presses the water flow in the 3 -dimensional un:
saturated laver in addition to the saturated layer,
was adopted for the basic equation of the model,

g . 0F 4 & a4 _av ay

— i =] . mEE

ﬂ.Ha; +E,H&. ﬂ'.H:i', (540 3 ]
Here,

¥ : Total head=¥ .+ ¥, (V. ; Malrix poten
thal. Preszure head, W, Location polential,
potential head)

K : Coefflicient of permeability (In saturated
area, K=K, : Coefficient of salurated perme.
ability, In unsaturated area, K=K (¥.) :
Function of pressure head)

5. Specific storage in saturated arca, fero in
unsaturated arey

C o In unsaturated area, Specific water volume

C= ﬁ-{ﬂ: Water contint by Volume )

In saturated area, C= 0

The finite difference method was adopled far the
numerical solution method

Unlike the | -dimensional model, it is difficult
for the 3 -dimensional maodel to calculate values
equivalent o one year because the 3 -dimensional
model requires much more time for the calculation
than the 1 -dimensional model. Therefore, it was
decided that the analysis e carried oul on the
reaction of the amount of the run-off to the uni-
form precipitation,

The form of the calculation target mode] shapes
the domain of the rectangular parallelepiped with
the sqguare form of the upper surfsce plane, The
saturated permeability coefficient of 0.1 ocm.s,
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which is equivalent to the gravel layer, was given
io the lower 2 layers. For the upper lavers, the
saturated permeability coefficient of 0001 cms
wis given, assuming all the layers are of loam
origin. The relationships among the water reten-
tion curve, the pressure head, and the cosfficient of
the unsaturated permeability were to be the same
as the one indicated in (2, which discussed the
influence of the thickness of the unsaturated layer,
Two cases of layer thickness were considered
55 m and A1 m,

Calculation was conducicd on two cases of
infiltration. In the first case, the uniform infiltra-
tion was given to all the mesh on the upper sur-
face, assuming the bare land. In the other case,
twenty five times the amount of the uniform
infiltration was given only to the cenfral mesh,
which is cquivalent to | 25 of the area of the
upper surface, assuming the concentrated infiltra.
tion through the secpage facilitics

The amount of the infiliration was given as a
form of triangle =0 that the infiltration incresses

rectilinearly from the beginning of calculation,

reaches its peak in one hour, and reduces rectiline
arly until the second hour. The amount of the
run-off from the bottom surface was obtained
through the B0-hour of calculation,

Hourly change of the amount of the rn-off
obtained from the model is indicated in Figd and
Fig.4.,

In the case of thickness of 55 m. difference
between the dispersed infiltration and the concen-
trated infiliration was fairly small. In contrast, in
the case of layer thickness of 31 m, the peak
run-off amount assumed fo be occurring at the
seepage facilities is aboul 1.5 tmes that of the bare
lanad,

In the case assuming fo utilize the seepage
facilities, the seepage water, which is concentrated
in the beginning of the infiliration, begins 1o
disperse also in the horizontal direction with time.
The maodel shall assume that once centrally infil-
trafted water can be infiltrated in a dispersing
manmer with certain degree of thickness in the
unsaturated layer.

Therefore, although water is centrally infilirated
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Fig. 2 Amount of run=off from 3 -dimensional maodel (1)



HERAETRL Vol 1 (195

[r—p——
G 0a 0 el g laiing

i
B ot "'-'h‘lq
] NS
8o e
= L
= e o ]
(]
EERERETRE

MR NN NN R MNMB @ W e
Haw

Thichrca: 30 m

Fig. 4 Amount of run-off from 2 -dimensional model (3

at the seepage facilities, the condition of water
secpage is considered not to be drastically different
from the case where the infiltration occurs at the
bare land as long as the unsaturated layer lying
below the bare land has the certain degree of
thickness. On the contrary, in the case of the thick
unsaturated layver, water infiltrates faster than at
the bare land when the infiltration is assumed to
cocur at the seepage facilitics. Therefore it is
evident that installation of the seepage facility is
desirable at locations with the thickest possible

unsaturated layer.

§ . Installation guidelines and the subsidy
system for the rainfall seepage inlet

In the ward of Setagaya, approximately 20 years
have passed since ithe beginning of the
groundwater recharge activities, which utilize the
ralnfall seepage inlet from the point of conserva-
tion of the groundwater environment as well as the
inflow water environment. [n the meantime, instal-

lation andd propagation of rainfall seepage inlets in

citics, including, nol to mention the Setagava
Ward, the cities of Musashino, Koganei, and
Mitaka (all of which are located at the Nogawa
River basin in Tokyo), the Merima Ward (the
Shirako Hiver basin), and the city of Matsudo,
have been expanded nationwide, The expansion
wias made possible by the following hackground ;
planning established by the local
government, development of the subsidy system,
improvement S simplification of the materials used
for the seepage facilities and the reduced cost of
the facility installation. In the case of the secpage

the project

inlet installation as the project of the local govern-
ment, the public land and the corporate facilities
are mosily targeted, On the other hand. in the case
the facility installation with the assistance of the
subsidy system, in general, private homes and the
collective housings are mainly targeied. Types of
the seepage facilities and the method of subsidy,
and the contents of installation guidelines
outlines, ete. differ depending on the local govern:
meent. However. these are summarized in general as

follows.
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i Type of seepage facility

Types of seepage facilitics for roads, ground,
parks, and lois, ele, include permeable pavement,
infiltrative gutters, infiltration inlets, infiltration
trenches {including the joint use of perforated
drain pipe), These facilitics are used singly or in
combination considering  the effectivensss of
infiltration, or topographical ~ geological features,
and land condition of the surrounding areas from
the point of disaster prevention.

In general, the civil specification developed with
thie atfm of the run-off (Mood) control (which
specifies that the total subsidy be granted to
buildings . structures constructed prior to 1988
with the cost of the construction shared by the
Tokye metropolitan government and the city
povernment, excepl for the newly constructed
housings in which the facilities must be con-
structed at the sell expense of owners) by the
Tokyoe City Planning Bureau, which is carrying out
related prajects jointly with the local government
of the city of Mitaka, ¢ic, tends 1o be large in scale,
Whereas, the specification aiming to conserve
environment in cooperalion with the city of
Kokubunji, etc., tends to be smaller in scale. The
cost of installation 15 illustrated by the case of
infiltration inlets In the formerly mentioned case,
the cost of installation is illustrated by the case of
infiltration inlets. In the fermerly mentioned case,
the cost of installation ranges approximately from
2000000 1o 600,000 yen per unit due to froquent
additional use of large-diameter perforated drain
pipes, trenches, and permeable sheets On the other
hand, in the latter case, a single use of small size
infiltration inlel costs about 30,000 1o 60,000 yen
while there is a case (in which the related expense
was shared between the Tokyo metropolitan
government and the government of the Setagaya
Ward, and the total cost of installation was covered
with the subsidy) where the cost of aboul 30,000

i

yen per meter was added to the original cost when
the infiltration trench, with small diameter perfo.
rated drain pipes being buried, was connected to
the infiltration inlet,

Records of projects (as of the end of 1995},
which were carried out by the city of Mitaka and
the ward of Setagaya under the above mentioned
circumstances, show that the former installed 743
units of infiltration inlets, which amount 1o the
total of 24,004 units, with the length of 327 m for
infiltration trenches, while the latter installed 2,
B3 units of infiltration inlets and 1 808 m-long of
infiltration trenches. In the case of the ward of
Setagava, on top of the above-mentioned installa-
tion, infiltration inlets, elc. are installed at 281
locations {consisting of 860 units of infiltration
inlets and 70 m in the length of infiltration
trenches) based on the rainfall seepage facility
installation propect outline, which conforms to the
master plan for the groundwater inflow water
conservation. Areas other than the city of Mitaka
amd the ward of Setagaya have the similar installa-
tion records, and the groundwater recharge effects
of about 60ef ~ vear per unit is expecied with the
use of rainfall by installing 3 units of rainfall
infiltration inlets for a house with the roof area of
160w, assuming there is 1,500sa of vearly precipl-

tation.

(21 Structure of rainfall infilteation inlbet

Types of rainfall infiltration inlets used in Japan
vary depending on the location of installation
Cincluding the circular type, square type, porous
sicle wall type, and the permeable as well as imper-
meable types). Structure of a typical infiltration
inlet model (circular permeable porous pipe),
which is promoted by the Department of Water
and Green, Division of Environment in the ward of
Selagaya, is shown in Fig. 5. In general, 1o con-
struct the structure, permeable sheets are laid in
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the pal. which has a side or a diamecter of 50 cm to
T ¢m and a depth of 150 cm to 70 cm, and the pit
1% filked with gravel with a dinmeter of 3 to 4 cm
(or sometimes sand, charcoal, and synthetic fikers
are jointly used) prior to the installation of the
infiliration inlet at the center of the pit. When
installing multiple number of infiltration inlets,
each inlet is often connected to each other with the
infiltrative trenches {(egg-shaped perforated drain
pipes are buried) filled with gravel Although
maintenance of these facilities after the installation
iz ol foo demanding, a little effort indicated below
can facilitate the long lasting performance of
infiltration inlets,

In other words, cleaning of the inner side of
infiltration inlels one in several years can remove
unnecestary clog and prevent the diminishing
effect of permeability. In the case infiltration inlets
with impermeable side walls, infiltration from the

battom of inlets can be promoted by washing

Fig. & Structural model of rainfall ssepage inlat
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gravel or sand used for filling inside the inlets.

E. In closing

In recent years, it is often pointed owl that the
groundwater level in large cities like Tokyo has
been restored as a result of the groundwater intake
conirel, This is due to restored water level of deep
wells in some areas, difficully in executing under-
ground foundation works for building construc.
tion becawse of tendency of increasing  ground:
water pressure, and increasing incidence of leak.
age within underground cavities of the building
structures. Nevertheless, groundwater levels in
shallow layers under megalopolis have not yel
risen. Depletion of the inflow waler is rather on the
rise, in stead of showing a sign of rebirth.

As illustrated o far, the rise of water levels in
urban deep wells does not mean the restoration of
entire groundwater enviconment and should be
considered the seeming restoration. This is because
the current fse of water level in city areas is not
the product of the incressed absolote volume of
the groundwater, but simply is the groundwater
rising phenomena eccurring as a result of dimin-
ished volume of the aquifer and the water reten-
tion layers due to drastically increased number of
buildings and underground strectures (Takamura,
1984}, Thus, it s still essential to recharge the
groundwater through the rainfall scepage (acilitics
and the indication of promotion in utilizing urban
groundwater must be given o warning.

The rainfall seepage promoetion measures using
the seepage facilities are expected to bring about
the comman effects applicable to all the aims of
measures, including the flood control, the enviren-
mental conservation and the renewal of the envi-
ronment, in wide areas. Therefore with the efforts
of perpetuating the projects and widening the
targel project arcas, it is possible to resuscitate the
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urban groundwater.inflow  water environment
amd these elforts must continwe toward the (uture.
Suwecesaful installation and propagation of infiltea-
tion inlets, etc., depend on the understanding and
cooperation of residents. To achieve this, unified
efforts among government, ecducational institu-
tions, and industries must be made to relieve
anxiety and meel expectations of residents by
reducing the cost of construction, appropriately
arranging facilities to fit the land features, and
infiltrating satisfying quality of rainfall as much
valume as possible into the underground, all of
which are indispensable for restoring the urban
waterfront environment including the ground-
water and the inflow water rivers as well as the
urban envirenment,

Lastly, deep appreciation is herein expressed for
kind support extended in preceding this research
by officials in charge of nature conservation,
Department of Water and Green, Division of Envi-
ronment of the Sctagaya Ward, Tokyo and by a
numbxer of students majoring in physical science at

the Rissha University, elc.
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