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A

Preface

Underground piping refers to those pipes installed underground

for the infiltration of water into the soil.

The Public Works Research Institute has been conducting research

since fiscal 1977 on the mechanism of water infiltration, recharge

capacity and the method of preventing clogging as part of a compre-

hensive research project with a view to the development of techniques

of groundwater recharge. Since fiscal 1978, a field experiment has

‘also been carried out at Fukaya, Saitama Prefecture, to study the

actual recharge, the effect on surface crops, etc. As a result, it
has been ascertained that underground pipe has a superior capacity

for groundwater recharge both in quality and in quantity.

As for the techniques of groundwater recharge, the well method
and the basin method are practiced in other countries. The under-
ground piping method compares févorably with these methods and may

well be a suitable method for Japan where land area is limited.

In urban areas, on the other hand, flood runoff has been on
the increase due to changes in land use. If underground infiltration
of surfacé runoff water can be made possible by the underground
piping'methed} it will greatly contribute to the control of flood
runoff and to the stabilization of base flow. Study on the method
of increasing underground infiltration from this point of view has
revealed that the underground piping method is also promising for

runoff control.

Needless to say, the mechanism of water infiltration is

and’ 1nf11trat10n capacity may vary depending on the soil and

'geOIOgy) it seems ‘therefore premature to come to any conclusion,

However, in v1ew of the urgent need for the study of comprehens1ve

flood control ‘measures, we decided to publlsh experimental results

:so that the present state of research would be made avallable to
‘ as many people concerned w1th the problem as pOSSlble, not to speak




of those at the Institute. We hope that this publication will be

found useful by those concerned with the problem.

We wish to record our sincere thanks to Messrs. Koichi Baba,
Kiyoshi Mimura, Tetsuo Nishida, Tadashi Niimi, members of the
Committee on Groundwater Recharge, members of the Special Committee
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tions and comments. Our grateful acknowledgement for their cooperation
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Introduction

”The%hndergréund:piﬁfﬁd méthod ‘is a methdd of groundwater re-~
charge developed in Japan. ' vArfifiC1ai'reéhérge may be classified
into ‘two types: injection and“water‘Spreadfng}' In the injection
method, groundwatér is recharged by means of wells; clogging often
occurﬁ‘aé”feEhéréing tékee placé éhrbuéh‘the'walls of injection
wells. Further,'lt is dlfflcult to prevent and remove clogging

““““

In contrast, the water spreading method is one whereby ground-
water 1is recharged through the‘ground surface. In this.method,
clogging may easily be dealt with, making this a dependable method
of recharge. On the other hand, the normal water spreading method
employing an infiltration pond requires an area of land. Therefore,
it is not necessarily a suitable method of recharge in Japan where
open land is very iimited. Accordingly, there is a need for the
development of a recharge method which is of the water spreadlng

type but requires little land.

The underground piping method is a method of groundwater re-
charge developed in Japani it is of the water spreading type which
does not interfere with land use on the surface as it can operate
under farmland. For upland field irrigation, an irrigation method
calléd underground irrigation is employed. This method is to supply
water underground to directly water the roots of plants through
capillarity so that the irrigation effect may improve. The method
widely practiced is to install clay piping of 38-75 mm in diameter

at a depth of 30-60 cm underground. This may be described as

- underdrainage reversed.

In recent years this method has widely been applied to sewage

land treatment} it is called the capillary treatment method or

unaergfauha trénch method and is effectively uséd in the treatment

.of sewage from sanltary sewage tanks and business establishments.

VThough clogglng invarlably poses a ptoblem in any method of ground-



water recharge, it occurs less frequently in the above-mentioned- '
underground trench method; application of this principle to ground-
water recharge came to be con51dered. Underground piping is.. .
installed in the soil and the infiltratlng water 1s purifled while
passing through soil zones,wlth a concentratlon of mlcxoorganlqua
However, wheéen COnsidered as recharge facilities, it,must‘first be
ascertained és to whéther a sufficient amount of rechqrgglcén be
obtained and whether rechargé characteristics changevif_repharge_
continues over a long period of time. As for the applicatioﬁ of
underground piping; it may be used for the infiltration of rainwater
for the purpose of restricting flood runoff in urban areas. This

point will be touched upon later.
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1.1 Inflltratlon and clogglng in 3011 water zone

Mechanism of Groundwater Recharge by Underground P1p1ng

Located in the surface stratum, the soil water zone plays
an important‘role as a filter for infiltrating rainwater and
surface water. The good quality of groundwater is due to this
filtering mechanism. Further, the soil water zone is where
plants absorb water and hutrition through their roots and where
organic bodies are converted into 1norganlc bodies by micro-

organisms in the: 3011

As Fig. 1 shows, soil consists of

three constituents: soil particles, air

v/ /. [~ . L
and water. Water is mainly supplied by
Soil pendutar rainfall. Part of the rainfall becomes
‘and Air water N
‘water - | zone. ‘groundwateér, while the water stored in
the soil water zone returns to the
I P atmosphere through evapotranspiration;
The 3011 water zone always contains air
f&ﬁb‘ ‘as well as water.‘ It is, therefore,
ATy L
:zi' ‘ sometlmes called the unsaturated =zone.
In this respect it greatly differs
A v ARSI FRPENTE I ST 2 e
= Groundwater from the aqulfer zone where pores are
- table - -~ 100%v. ;
‘saturation saturated. w1th water. Further, the
licaplllary pressure due to the surface
o Fig. 1 ‘ ten51on of water plays an 1mportant role

in the ﬁater'dyhamicsrof the 56il water zone. Thus, the soil
water zone differs considerably from the groundwater zone in its

rheologlcal characterlstlcs of 1nf11trat1ng water and also in the

A;exlstence of d1ver51f1ed types of 5011 mlcroorganlsms.

are eas1er for ralnwatér ‘to 1nf11trate because of the1r large pores.
RIPETSIE

'&;Inflltratloh is dlfflcult, hOWevér, in the case of reclaimed 1and

-which has been hardened.' In particular, if the 5011 surface‘v



is struck. directly by falling raindrops, soil aggregations are
crushed; mlnute partlcles then £411 the pores, restricting the
infiltration of rainwater. The underground plping method is
intended to recharge groundwater»by‘directly supplying water to

the soil water zone, avoiding the soil surface which shows such

fragile behavior.- o
U L Ground
T L F P e T T T L surface

«

Fig. 2 shows the
structure of the under-ub

ground trench described

earlier. The water

Trench

supplied from the pipe

is first stored in the Groundwater

table

dlq

trench below; it then ' 'Figs,Z‘
infiltrates downward

by the capillary action of the sand and soil around the under-
ground pipe. The water infiltrating soil is gradually purified

by abundant soil microorganisms.

In general, 1f the 1nf11trat1ng water contalns organlc
materlal, 5011 mlcroorganlsms germlnate near the 1nf11trat1ng
p01nts of the water‘ thlS prevents 1nf11trat10n, cau51ng clogglng.
In the case of 1nf11trat10n in the unsaturated zone, however,.
clogglng does not occur SO often. ThlS is probably because
oxygen 1s supplled from the a1r, aeroblcally dlssolv1ng organic
mater1a1 and 1ncrea51ng the range of propagatlon for micro~-

organlsms, thus creatlng condltlons whlch dlscourage the
.occurrence Of:010ggrng.

1

It seems, therefore, that "the groundwater ‘recharge method
by underground plplng whereby water dlrectly 1nfi1trates the ‘soil
zone is a superlor recharge method in that the use of surface
‘ﬁ,land 1s permitted to some extent and clogglng 1s less of a
. problem.  However, ba51c quantitatlve data, e.g. . recharge capacity,

are not avallable, 1t is 1mportant to quantltatlvely ascerta1n4

Y




the effectiveness of underground piping for groundwater recharge

faoilities.

1.2 Infiltration from underground piping
1. 2 l Structure of underground piprng
o As regards the structure of underground plping, various
types have been devised for varlous water qualltles of in-
»Hflltratlng water; Pig. 3 shows representatlve structures of
undérground piping. In the case of (&), a trench is provided
under the plpe so ‘that water is flrst stored there before

spreadlng and lnflltratlng through capillary action,

~
"N

{a) . . (b)
Fig. 3

" "'In’the case of possiblé contamination:of groundwater due to
*fbfganic'matérialﬁin“thé*soilz'pufifieatioﬁ*ih thé “soil may be
~é§§éated; Furthet, ‘over a long period of spreadlngp ‘the irriga-
"tion ‘effect’ may be large.F et F et R

In the oaSe of-(b), the‘pipe is simply installed under-
Y groundy Thistype”is siitable'wheie’ theré'is no'danger of
;”*groundwater contamlnation by infiltratlng watér- and where the
T goil ‘has * & "high' permeability 8idcé some’dégree:of! préssure
may be applred in the pipe, a conszderable amount of‘inflltra-

tion may be expected‘ Poaldst

o In the case of (c), part St thet area ‘$irrouhding the
—pipe is’ tépiaced by hi&hiy‘botous sand’to(increase the amount

19 ,{{_s

.1



1.2.2"Indoor 1nf11trat10n ekperlment of underground plplng

'cf‘stofége'iﬁ‘thé“sbii and the area of infiltration into the

. 1nf11trat10n rate,’ etc.,*as 1t includes the caplllary actlon

a. Laboratory equipment

Pt Dl eae s exfeang b e omig PO TS Sl
T A P AR E U A PR AL IR ,.-\-‘,{ S B F RO PR LU SET e N e .
; Lot R ’

SRR ey

soil so that the amount of infiltration may increase. This
structure seems to be sultable for the 1nf11trat10n of ralnwater

to restrict runoff.

PSS RIS

In addltlon, the 1nstallat10n depth and the 1nterva1 for
the underground plplng are also important factors to be determined

in relatlon to Sp601f10 objectives, e. g. amount of 1nf11trat10n,

etc. These w111 be examlned 1n the next sectlon and elsewhere.

As regards the structure of underground plplng, the

case of (a) in Flg. 3 was examlned, since 1t was con51dered

to be suitable for studylng ba51c hydrologlcal data, e. g. “the

- of soil. o : : :=3Q

Fig. 4 shows a aiééiam of the laboratory’ équipment
used. Walls marked (a) are moveable side walls and are
to be considered boundariesu;ith adjacent pipes. Thus,
dlfferent dlstances between the (a)s correspond to. different
.a;rntervals betyeen:p}peslj (b). 'is. .a; connectlng pipe; and the
curuﬁéffufrom;thi$.pipsjisgxo;be the recharge: In.the ex-
perinent the water level was changed;through;thejgonnecting

pipe to measure the difference in recharge. ;

’ . o7 .
R NER O St S S

fThé standard sand- of . Toyoura was. used‘forﬂthe experiment;

. gralns were of roughly the same . dlameter” with 105 l49u ac~

,1count1ng for. 87%. Table 1 glves the. characterlstlcs of the

.. sand, cosiddEnenioaio o et Gt gl Bedtoin s v
Tab1é 1
. 3147- ‘osityi 39 4 (dry den51ty l 6)

K = 1.01 % 10-2 cm/sec :




b. Results of the experimenf

Fig. 5 presents the condltlons for the experiment and

Flg. 6 the results.

For the unit of recharge, m /day 1s normally used.
The recharge height is the value obtalned by dividing
the rechafge per day by the control area of the pipe and

SRR : e
the uni% used is mm/day. ~ U

As can be seen from Flg. 6, the recharge increases as
‘the water 1eve1 difference H increases} recharge 15 alsc

"affected by the width B. HOWever, the increase in- recharge

due to an 1ncrease 1n B 1s{not linear} after a certaln w1dth,

it 1s exPected to approach a certaln quantity in relation
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to H. This is probably due to the fact that the extent
of influence from seepage by the capillary action is limited.
As regards the increase in H, since the water potential
gradient never exceeds 1, it is expected to eventually approach
a certain value. |

The reason for using the Toyoura standard sand in this
experiment is that its physical characteristics are stable,
unlike those of ordinary soil, and it is, therefore, easy
to handle. Though no soil consists of only standard sand in
reality, even the\l/?'écale model showed that a recharge rate
as great>ae 100-600 ﬁm/day was possible. As a result, it
was ascertained thaE“Underground pPiping possesses good

’ reéharding.capacityﬁ

1.2.3 Recharge analysis
~As the above experiment is a study of recharge from
uﬁdergroﬁnd piping ﬁnder strictly controlled conditions, it is
‘necessary to study' recharge under more wide-ranging conditions.
Thls sectlon is devoted to recharge ana1y31s. The propriety
of the analytlcal results is to be ascertalned by comparing
them with those of the experlment* they may then be extended

to actual scale.
(a) Basic analytical equation

. Groundwater flow may be determined by the basic equation

‘given below, which combines both saturated and unsaturated

conditions.

{pgs (oc+nB) + pn 2 le {pK(tp) 'grad (tp+z)} ieaese (1)

Zw 2t

v G1Ven‘ _ ‘ » :

- b 5 water den51ty ' B ? water compre551on ratlo
graV1ty acceleratlon Y < water head ' '
;i VR IR FERE S B S S
‘8= saturatlon degree 2 = vertlcal coordlnates



proposity t = time"

‘compression ratio
of sand grain

=]
1l

| Furfher, permeability K () is a funcfion of ¥ and may

be approximated by the equation below as shown in Fig. 7.

K
RO = {2 (g ppn
i’:"qu e ()

Givent
Ko: saturated per-
meability

: constants relating

to the sand grain

2 4

diameter and the iOl | 10;
C - Suétion

‘A3
T (cm) 10
granulay variation ’ ‘
. : . Unsaturated permeability
wb: value when a1r ap-

: . : s
pears 1n the 5011 . Fig. 7

under dehydratlon from saturatlon A

In the case of normal unsaturated infiltration,

equation (1) may be simplified as.below.
div { pK(P)eagrad (P+2)} =70 v i i e (3)
(b) Results of analysis

Numerlcal cglculatlon was made by convertlng equatlon
1 (3) to a dlffér‘éht;lal equatlon. For K (§), 1.01 X 1072 cm/sec
was obtained for Ko} Yp = -36m and n = 18.2 were otbalned from
Flg. 7.4 Flg. 8 shoWs the results from both the experlment and
| analysis.' Tt ShOWS that the results roughly correspond to one

another.-- an 1nd1cat10n of the proprlety of the analysis.

=10 -
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Fig. 9 shows the calculatlon results for the re-
charge height extendlng the scale on the assumptlon that
recharge is conducted in the field. The soil ‘is to be sandy
loam with its permeability taken from Fig. 7. Thus;
Ko = 5.6 X 10~" cm/sec,¢bf= -39, 8 cm and N = 3.5.

Spe01flcat10ns of the- underground plpe structure are given

below. - S s v '
Table 2 Spec1f1cat1ons of underground
pipe structure - . .
Indoor | Assumed fiela
experiment scale '
Width of underground 3.0 em 20.0 cm
structure
Height of underground 2.5 cm 7.0 em
structure
Water depth in undeér+ : 1;0'cm 306 o
ground structure ‘ .
Earth top 26.0 cm 58.0 cm

The calculation results show that though the water
level difference H ‘influences the- recharge helght, the
former ceases to affect the latter beyondia certaln point.
The recharge rate 1s almost constant when'H 1s over 1m.
rate is greater 1n the fleld.' Flg. 10 shoWs the relatlon-
ship between the 1nterval ‘and ‘the recharge{helght. It

LY \;3]

shows that the recharge height falls gently«eren when

the interval increases and that water mayffe recharged over

a w1de area even when only one underground plpe is used:
, : SR : i
Recharge by underground p1p1ng 1n upland'flelds poses

the problem of 1mpact on crops;“a problem arises from a possible
increase in soil m01sture due to the recharge from underground

piping. Accordingly, numerical calculation was made for soil

- 12 -




moisture distribution by using an equation relating the
" capillary pressure under unsaturation to soil moisture. The
relationship betweén capillary pressure and soil moisture is

shown in Fig. 11.

, :'e (0e)
150
£
T
2. 2160
¢ ©
PR
1
¥, 501
u.
m:
; Installation interval -
1 2 3 4 o
! Fig. 10 Insta]]at1on interval
and recharge height
Given:

G} E*éoil'ﬁoisture ,

et constant ?lmost equal to i, deterﬁined by physical
characteristiqs of soil

8et value of Y which produces § = g

b ¢ constant fbf‘fixed physical characteristics of soil

Fig. 13 ShOWS the calculatlon results for m01sture
distribution when the structure of underground plplng ‘'was as‘
shown in Fig. 12‘ Table 3 glves the values g;ven to the
constant in the equatlon (4) * The water‘level“differenoe
H was 0.75m. ACCOIdlng to the calculatlon results, the
water content near the surface seems to be high at over 40%.'
However,; since the loam contains large amounts of fixed m01sture
with the water content at 40-50% under normal _conditions, the
results are- not exceptlonally high. Further, since groundwater

recharge is carrled out 1nterm1ttent1y, ‘the moisture dlStrl—i

H ;oo
A<s s$," :

bution shown by Flg. 13 glves max{mum values.



T

Detailed study requires a non-stationary analysis which takes

_.account of the water content as it changes over time,

Table 35

©or

Sén& Séndyéloam

Oe

'0.34 . 0:54

55

he

38 cm | 40 cm

o

0.337 3.75

85,110

'l'n;:.; -

(Unit: cm)

Fig, 12

p
' o8 3 (132

N i fapyis Al ¢

B=125¢cm
RE d
1 v i i N B 3
—
£ L Ll r { e
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Figs. 14 and 15 show the distribution of capillary’
pressure, direction and velocity of soil moisture flow

for a single case.
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2. Field Expemment of Underground Piping

2.1 Outllne of fleld experiment

Field experimentation was conducted in the Arakawa Sagan
alluvial fan, one of the alluvial fans of the River Arakawa, on
the outskirts of Fukaya, ‘saltama Prefecture. Tﬁe’alluVial fan
is located on a diluvium plateau w1th a’ surface covered by loam
stratum. The test area was divided into four square sections

with 10m sides. ~ Underground bipes; 10m each in ‘length, were

installed at an interval of 2.5m in the first section, having
the structure (a) shown in Fig. 16. In the sécond and third

500 500

150 |

S
'
'
:
'
100
150

Y4 A\Y T N \\’
/A“ /4 ! Y \\Y//.‘/)«\\ V//m\ N/ZZ\\
' ! Soin o \ ' ,’

14 "‘ 105 { Earthenware pipe B ‘l| 108 } Earthenware
[Te] |‘ } ¢105 . ) y ) || I pipe ¢105

\ 1

! \

[}

Rough sand

"””/,, Rough sand

Fig. 16

i

sections underground pipes of the (b) structure were installed
in the same pattern. In the fourth sectlon underground pipes
were 1nstalledJW1th s
the structure shown S

in Fig. 17 to ?S- . N %QOQ,

certain the effect -

. b PR T
of rainwater treat- ' ‘wlRefilled| "

ment by underground \soil @

[

piping. - Undergrouna L
pipes with a trench
as shown in Fig.;le .

.-l'

[

were also installed : : n L T IR
‘ L Effective capacity 0.09m*/m
in the fourth section. R T (porosity 0.3): -
Fig. 17

- 16 -




The main objectlves of thlS field experiment were to
ascertaln the maxlmum recharge by underground piping and long-
term recharge characteristics.t The experiment to- ascertaln
max1mum recharge abillty was conducted in the first section.

In the second and th1rd sections, a study of long-term recharge
characterlstlcs, .e.rlnterference with recharge due to clogging,

was conducted.

Since the start of the experlment, the same amount of water
was regularly supplled to the second sectlon up ‘to the present.
In the thlrd sectlon, the dally supply was gradually 1ncreased
to ascertain the extent daily recharge could be expected over a
long perlod of time. The underground plpe ‘with a trench in the
fourth section was of the structure used for infiltrating water
containing a considerablé afiount of organic material. A study
‘of uﬁderground recharge was made in this case. Further, an
experiment uas performed to'ascertain the effect of rainwater
treatment by different installation structures. The saturation
permeability of the soil in this field experiment was 5 X 10‘9

cm/sec, similar to that of the sandy loam shown in Fig. 7.

Colgate pipe =5 Copper trench
NIRRT

-y

600

100
BOO' 300 |




Photo. 1 Experiment in recharge with the use of under-
ground piping installed in an upland field

Survey of the amount of infiltration, the effect on
vegetables, etc. of underground recharge combined
with upland field irrigation by means of undexrground

piping.
2.2 Results of the experiment

2.2,1 Maximum recharge

Fig. 19 shows the results of a 24-hour experiment.

(a) Upland field 1 gravitation
™
‘9' L] L}
P 0.3
g
P
rh 0.2 -
o
H [ J
(m3/m hr)
0.1 — B .
0.160(1440%/45y})
0 T ] T |
0 6 12 18 24
Hours =me————
Fig, 19




The experiment aimed to observe fluctuations in the infiltra-~
tion capacity of the pipe by trying to supply an amount of
water equal to capacity. As shown in the figure, it reached

a constant three hours after the commencement of the experiment
and hardly changed thereafter. The constant infiltration was
0.150m3/hr per 1 m of 1 underground pipe, or 1,440 mm/day per
unit area. Though it is questionable if such a large volume
of recharge could continue over a long period of time, under-
ground piping has a good possibility of sufficiently responding
to the situation where the flow regime requires an increase

in the groundwater storage in a short period of time.

Photo. 2 Underground pipes
Earthenware pipes of 100 m/m in diameter and

Im in length are installed horizontally with
water supplied to each pipe. .

- 19 -



2,2{2 'Long-<term reéharge”éharacteristics
Recharging iof‘"'sb"mwaay was carried out in the

second sectlon since November, 1978, up to the present.
Fig. 20 shows the relatlonshlp between ‘the infiltration and
the S§ weekly load by the 1nf11trat1ng water in the second
section. Water is supplled to this section six times a day
so that the recharge per unit area reaches 50 mm/day. The
vertical axis glves the average 1nf11trat10n durlng supplylng
time perlods for each week} “the broken line shows the SS load

per weéek in the’ 1nf11trat1ng water.
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Tﬁeﬁf}éﬁrefehoaé?that~no~chanhe?}nvlnflltrgtion is observed
when the SS load is smallj} but. infiltration .tends to slacken
somewhat as the load 1ncreases.v Though the data are not suf-
flClent the 1nf11trat10n volume ShOWS a. tendency to recover
from October onward: With water sipplied’ ifitermittently, it
might be due to the dissolution of organic SS in the soil
after the load has been reducedj but further data will be

necessary. However, a recharge of 50 mm/day is sufficient.
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The results -of this experiment have to be utilized to asceértain

-the service life of underground pipes (the number of years after

which they need to be replaced by excavation).

Flg.‘ 21 shows the 1ong—term pattern of water supply in

the thJ.rd sectlon.

carrled out s:.nce August 21 up to the present.

Recharge of over 200 mm/day has been

The recharge

of 200 mm/day serves as a limit for recharge by underground.ping.
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In view of the fact that the depletion depth in paddy fields
in this area is about 100 mm/day; it.is clear that underground
piping provides effective rechardge facilitiés. - As regards

the service life of underground piping mentioned above, when
it is actually employed fof“ah'daae%gibhﬁé“féseEVoif,=ground~
waterqrecharqe'does not aiﬁaYE'éahEiﬁﬁe. Accordlngly, it
seems necessary “to study the marglnal cumulatlve recharge.

At any rate, it seems safe to say “that’ underground plplng

has a pract1ca1 capacity.

2.2.3 Capillary infiltration experiment

e

This is a field experiment on infiltration using the
same mechanism as that used for the 1ndoor experlment.';fKJ
flltratlng water from the underground plpe shown* in- F1g: 18-
first collects 1n the trench* 1t then spreads and infiltrates
‘upward by the capillary action of the soil. Fiéi 22 shows
-changes in the water level in the trench due to water supply

and infiltration.
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Water is supplied at a rate of 30 %/hr. If the water level

is high in the trench, the capillary action is strong, result-
ing in a‘high rate of fall in the water level, i.e. a high
rate 'of infiltration into the soil. ‘Though the rate of change
decreases as the watéer level in the trench falls, the'figﬁre
shows a rate of infiltration of about 30% per hour. It does
not show a tendency for the water level to gradually rise

immediately after water has been supplied.

Since the length of the equipment is 2.4m; infiltration
‘per unit length is 0.0125 m3/hr. 1f pipes aré installed
at an interval of 5m, the recharge rate per unit area will
be 60 mm/day. Though there is a difference in structure,
€.g. refilled sand, since there is a similarity in soil, the

results were similar to thoSe of the analysis in Fig. 10.
2.2.4 Experiment on infiltration of rainwater
Iﬁrareés of marked urbanization, rainwater storage works

are used as flood control measures. It is conceivable

o
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that flood flow may be controlled through infiltration of
‘rainwater by underground piping. As rainwater concentrates in
a short period of time during.flooding, it was thought that a
temporary storage function should be provided in addition to
stationary infiltration'byvundergrOund:pipiﬂg$Aan experiment
on infiltration. was thus. conducted with the structure illus-

trated in Fig. 17. The results are shown in Fig. 23.

In filtrationvcharacteristics ofvtwo‘structures} one
having the vicinity of the:underground pipe refilled with rough
sand and the other with the original soil, were compared; but
hardly any difference was found. The results\ofvthe experiment
show that if the water is supplied from the:underground. pipe
to the surrounding area where the soil has been either replaced
or refilled, it mostly moves sideways or downward at a rate of
0.125 m®/hr per 1 m of pipe. since the storage capacity in the
replaced or refilled area is 0.09 m® per meter, it is clear that
most of the water supplled 1nf11trated underground 1mmed1ate1y.
In V1ew of the fact that replacement w1th rough sand has a.
larger storage effect because of a hlgher por051ty and that it
is also effectlve for 1nf11trat10n, prlor to the experlment,
the effect was expected to be large. However, no marked dif-
ference emerged, probably because of the above reason. 'Of cdourse,
if the permeablllty of the soil falls considerably, 1nf11tration
will decrease. As a result, the effect of replacement w1th
rough sand is expected to be ‘la¥ge: 'Inthis respect, comparatlve

study under different condltlons is de51rab1e.«
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3. Effect of Sewage Treatment by Underground Piping
‘As has been mentioned, soil has a strong dissolving power
against organic material. Aan indoor experiment was conducted to
conflrm -the purlfylng effect of 's0il. The results of the experi-

ment are outlinéd below.

3.1 ;Indoor ekperiment
Flg. 24 shows the equlpment used for the experiment which
was conducted over a perlod of 100 days from November. Table 4

presents the results

of the analysis of water

. 700
inflow. Both BOD and COD

were around 20 ppm. The ///l | ﬁa///’
daily flow into the equip- /////900 f=/////

ment was just under 10

mm/day per unit area of

the equipment.

“Parallel to this ' N /) : SN IS N N
expérimént, another ex- | ",‘/"‘//
periment was conducted a //*

using”the same equipment L’/

to study clogglng.\ Tap .
: Fig. 24
water prOV1ded the 1nflow.
';1 The state of clogglng was ascertalned by studylng the change
_ 1n the amount of remalnlng water 1n the trench showu in-the
* figure at a spe01f10 tlme fOllOWlng the commencement of

1ntake.“'
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Table 4 -Analysis of water inflow

pate | 12/4 | 19 26 | 19 | 17 24

. pH 1 6.85 | 6.50 | 6.75 | 6.55 | 6.70 | 6.60
BOD 20.53 | 24.80 | 19.05 | 20.60 | 23,00 | 25.00 .
cop 22,05 | 21.17 | 18.05 | 25.32 | 22.00 | 22.00
NH4- N [ 9.86 | 11.64 | 8.90 | 9.59 | 8.90 | 8.90
NOx—- N | 11,27 | 12.33 10.27 11.64 11.64 | 12.33
T -n [ 2113 [ 23.97 | 19.17 [ 21.23 | 20.54 | 21.23
v -s| 320 320/ 500 516 514 510

3.2 "Results of the experiment

Table 5 gives" the results of the analysis of ‘the water
outflow. They show that both COD and BOD were almost completely

purlfled by ‘the soil.

As 1nf11tratlon ‘from the underground

plpe of the: structure shown 1n 'Fig. 24 is always in a state

of unsaturatlon, efflclent aeroblc decomp051t10n s&ems to have

occurred._ Slnce 3011 has a structure sultable for the habltatlon

of large quantltles of mlcroorganlsms, they were probably 1nvolved

in the purlflcatlon of “the water from the underground plpe.

l

i

Table:5 Analysis of waterfuutfiauhiiilk o

o |

pate | 11/15| 223" | ‘28" 12743.“12* 19 | 267 17| 24
pi | 6.75[ 6.80| 6.75| 6.85| 6.80| 6.75[ 6.70| 6.80] 6. 70;i6.70
Bop | 0.83| 0.58] 0.81] 0.05| 0.06| 0.33( 1.06| 1.29 1, 88 2.46°
‘cop 0.63| 0.21 0 0 0 of 0.42| o.52| o] o
NHy -N 0 0 0 0 0 o] o 0 0 0
NOx—N | 26.06|23.24]|23.95[21.13|18.90{15.75|18:49|18.49]|21.23(21.23
T - N |26.06|23.24[23.95[21.13 |18.90[15.75 |18.49|18.4921.23]21.23
v -s| 3200 316 40| 200| 320 s10| 430| 232f 282| 254
DO - -[10.53] 9.78| 9.51]|11.30]12.11|12.5212.03|14.52
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As regards clogging, no significant occurence was observed
compared with the experiment with tap water, As has been
mentioned, in the case of infiltration from the underground
pipe, ‘a proliferation of microorganisms is not concentrated
around the’ pipe because of the presence of air: efficient de-

composition thus takes place over a wide area. Tt may be

' assumed, therefore, that the condition makes it difficult for

clogging due to imcroorganisms to occur.
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4. - Control of Flood Runoff by Underground Piping
4.1 Necessity of the infiltration method
As regards the method of controlling £lood runoff due to
urbanization, so far flood control ponds and interbuilding
storage facilities have been adopted. They are intended to
delay by storage the- peak runoff,canentration,during the second
runoff process mentioned above. This_conceﬁtration has been

aggrevated by rapid urbanization.

In future, however, it may be necessary to reduce the runoff
itself during the first runoff process in parallel to the above-
mentioned steps by maintaining the original infiltration capacity
of rainwater in an area. Under natural conditions, the amount of
rainwater infiltration is unexpectedly large; in recent surveys
infiltration of 40-80% was found to be normal. 1In particular,
for Kanto loam which covers the Kanto Plain, the infiltration
ratio is large, resulting in a flood runoff ratio of 0.2-0.4.
Because urbanization of the basin markedly increases surface
runoff, conservation of the infiltration capacity of rainwater

has considerable significance.

Basinvslbpe River course and floodplain
Rainfall ’ A : - A g
@® 1nfiltration (@ sSlope runoff @ River course storage
10ss ’ )
+4—- g ) — »*
>’ .
Runoff ﬂ “~ L S
process Effective assvacsse Upper reach discharge
rainfall hydrograph
—— Lower reach discharge ,
hydrograph ‘t

\ v Loss
Effect on b
urbanization Effective

" rainfall reduction in ‘érriv‘al time Fall in peak discharge

Reduction in - t{increase in rainfall (reduction“in time difference
infiltration capacity intensity) at confluence)
1) Runoff rate model 1) Evaluation by time of 1) pseudo-unsteady flow
2) PRsa model concentrationi - 2) Storage function model
Method of 3) Infiltration capacity Kadoya . . 3) Unsteady flow model
evaluating model Public Works Research
the effect ’ Institute

2) Evaluation by storage
function model

Flg. 25
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An example is found in the underground injection by
means of wells operated by the Housing Corporation at the
Saiwaicho Housing Complex, etc. on the Musashino Plateau, where -
rainwater has been treated entirely by wells for the last
ten years. At the Kumamoto Airport( located on the lava plateau
of Mt. Aso, drainage is led to a pond installed in the neighbor-

hood of - the airport for treatment bybinfiitration.

As described above, infiltration of rainwater has been
practiced in the past; but it seems that this is made possible
by the existence of a stratum with a high infiltration capacity
near the surface. The underground piping method is intended to
extend the application of rainwater infiltration over a wider

area.

4.2 Infiltration of rainwater by underground piping

Since natural land surfaces are covered with many gaps, due
to the existence of vegetation: and small anlmals, the infiltration
of ra1nwater is made easy. In contrast, 1nf11trat10n is difficult
on reclalmed land where the surface has been hardened and has few
gaps. The condltlon of the 5011, however,‘ls not changed even by
reclamatloni the vertical movement ve1001ty of water 1nf11trated
‘:from the surface appears unchanged after reclamatlon. Therefore,
:fralnwater may directly be’ 1ed underground by means of underground
{lplplng bypa551ng surfaces where 1nf11trat10n capacity has been

reduced

fhough infiltration of rainwater through wells is based on
the same p'fihé:‘ipiel“és” ~‘éb£5vé‘,‘ since groundwater supply is made
at p01nts, the spreadlng capa01ty of rainwater in the soil
‘may - be. 11m1ted unless the stratum has a good permeability. - In
7contrast, 'since water is Supplled along lines in case of under-
»ground plplng, underground spreadlng of rainwater is possible

even 1f ‘the stratum has low permeability.
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Let us now calculate the length of the underground pipe

necessary for rainwater to infiltrate.

Though the infiitration rate from an underground pipe seems
to vary according to the soil condition. around the pipe installa-
tion, let us assume a fixed rate of 0.1 m3/hr per meter of under-
ground piping. If pipes are installed at an interval of 5 m,
‘the infiltration will be 0.1 m%/hr#sm = 20 mm/hr. This is
equivalent -to 100 mm in five hours -- a considerable loss. In
addition, the gaps in the area surrounding the pipe may be
expected to add rainwater storage of about 0.1 m3 per 1 m of
pipe, equlvalent to 20 mm; this Tay functlon to balance ‘changes

in the hourly rate’ of ralnfall.

‘Installation of underground pipes at an interval of 5 m

implies that a site of 200 m? for a private house will require a
40 m length of pipe in total. A length of this extent may be

obtained simply by installing piping around the site.

Underground plplng may also be con51dered 1n combination
with ralnwater storage fa0111t1es such as 1nter-bu11d1ng storage.
This may lead to a reduction in the area for interbuilding
storage and in flooding frequency.  The total length of under-
ground pipes increases where infiltration is low due to geological
conditionsi but this problem can be solved by reducing the in-

stallation interval of underground piping.

4.3 Problems in practice

As has been outlined above, underground piping offers a
good‘possibility for controlling flood runoff by facilitating
the infiltration of rainiwater: This method has the merit that
lnstallatlon is p0551ble on a small scale, e.g. a house basis.
Further,‘costs are extremely low compared with the prices for
land or houses. Thus, even if a deVeloper is obllged to install

: plpes under the pr1n01p1e of orlginator s burden, this should seldom
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interfere with the progress of development or dishearten

the developer. The only concern is for maintenance and

control.

In urban areas, even rainwater is not necessarily of-
good quality. ~In particular, since the rainwater contains
suspended matter once it has fallen to the ground, clogging
may also occur. This point may require a finely-designed filter 1
device. There may also be some concern as to groundwater pol=-

lution by infiltration of rainwater. o : : .

As regards pollution; since the soil is expected to
perform its purification function, water of poor quality is
not expected to infiltrate underground‘as it is; in some daées
the quality of groundwater may even improve. It will be necessary,
however, to ascertain the service life of underground piping;
including the question of pollution, so that a method of remov-
ing the clogging may be devised. Therefore, it is necessary
to apply this method on a trial and error basis to housing, both

prlvate and publlc, in parallel with indoor experlments.

Though' it  is encouraging to see that this method is under
study by the Kanto Construction Bureau and the Housing Corpora-
tion, it is to be hoped that‘if will be tried out at as: many

places as possible under différent conditions.
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Conclusion
-“'The underground piping method has been studied with regard
to its mechanism'ahdﬁéébécity of infiltration. Though the initial
aim'was to develop'a method of groundwater recharge, one of the
bypfo&ucté'bf'thé investigation was the discovery of applications

to the control of flood runoff.

The results of the study were more favorable than had been
anticipated ahd'they permit us to have great expectations for the
future. Concentrated research dirécted:toward technical development
seems to be worthwhile.

The hydrology of the unsaturated zone which handles soil water
near the surface is a new, expanding field of study. It thus offers

various exciting research opportunities and attention should be paid

to its development and exploitation.
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