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A Study on Regional Potential of Rainwater Cistern Systems (I )*

— Basic Analysis of Daily Precipitation Data and Simulation of Cistern Store —
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This paper studied on the potential utilization quantity and some regional
comparisons for designing the rainfall cistern systems by the basic analysis of the
characteristics of daily rainfall data of remote islands in Japan.

At first, some references were made to show the relations between the annual
rainwater depth and the scale, the structure and many problems for maintaining and
improving the water quality.

Secondly, the basic analysis was made on the daily rainfall data in the remote
islands islands in Seto Inland Sea where water supply condition has been so severe
and the data in Maizuru was added for comparison, where annual precipitation
depth is near the average value of all Japan.

Here the potential maximum utilization of cistern system with roof (100 m? )
catchment system in the districts were estimated from the average annual precipita-
tions from long terms as over 10 years. And the characteristics of the frequency
distributions of daily rainfall and the continuous no rain days have proved that
those effect so much on the desing the system. And simulation of cistern store with
daily rainfall showed the needed the storage volume of the cistern tank and
supplementaly water volume to maintain the stable water supply in the cictern
system.

I Introduction

About 50 years passed since last World War II, Japan must have completed so
great economic development and abundant or satisfactory water supply everywhere,
but even today, in so many districts, people live wth very severe condition on water
supply for irrigation, industry and domestic use. Besides, it become almost impos-
sible to find the suitable place to construct new big dams and. channel systems. So
some modern methods as construction of the under ground dams, the freshing
reserviors etc. have been planed and made.
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The charactristics of the time serires of precipitation data in Japan show many
regional differences. Shortly saying, usually, from June to October some regions
have been hovered by the front extending east and west. And some regions have
been swept over by the typhoons. And in winter, it is called as the “snow season”
in north districts and many districts along the seashore of Sea of Japan.

Then it has been very severe especially for some remote islands as near the
Setouchi Inland Sea District to get sufficient water supply,and where water supply
plans have been considered as to make the desalinization plant projects, to sink
wells, to construct the freshing reservior and water conveyance pipe line system
under the sea. And even water transport boats have been used.

In these days the Japan Goverment had prepared the development law of
remote islands called “Law of Remote Island Developments”. And the global
plannnig are now under consideration by central and local goverments.

Here, the rainwater cistern system as using roof of big buidings, village office,
and school have gathered so much remarkable attention even in big cities and in
remote islands as in Seto Inland District where water supply is severe.

In the world, the rain water cistern systems have been in use in many regions,
as in many rural parts as in Kentucky and in many islands as Caribbean Islands,
Hawaii, Bermuda, Mexico, Thailand, Philippines, Malaysia, Indonesia and several
countries in Africa where the annual rainfall depth are very small. And this system
sometimes called as water catchment or water harvesting system.

So this paper studied on the potential utilization quantity of rainwater cistern
systems by the basic analysis of daily precipitation data, and examined to estimate
and design the scale of cistern storage by the simulation of the store, and added the
regional comparisons of the probability of the systems.

IT Components of rain water catchments systems

1 A roof catchments system?

Rain water catchments systems are called to have three types as rock catch-
ments, ground catchments and roof catchments. Here we treat roof catchments.
For roof catchments, the rainfall is collected from a roof and channeled through a
gutter into a storage tank for use by individual household or that building. And this
system has the following components, as popularily used in south Asia and south
Africa.

1) Roof Catchment—available large roof as catchment area must be determined.
The roof must be made of materials such as G. I., cement, or any other smooth
surface with minimal seepage.

2) Storage Tank—this must be durable low cost and can be easily maintained.

3) Gutter System—effective guttering is an important of the rain water roof
catchment. Water must be efficiently conveyed from the roof to the tank to meet
the owner’s demands. Then a good gutter material should be lightweight, water
resistant, and easy to join. To reduce the number of joints and thus the likehood to
leakages, a materials which is available in long, straight sections is prefered.
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Examples of materials used for gutters include bamboo, wood and sheet metal.
2 Examples of roof catchments in surveryors mamuals in semi-arid Africa?
We can see some examples in semi-arid Africa as Fig. 1. There a cylindrical
tank with a volume of 21,000 litres

made of ferro-cement and roofed with
iron sheets. Water is drawn from the
tank by gravity to a water tap placed
at the floor of the tank. And here the
total of rainfall is estimaded about 300 _ 7
mm at rainy season and it will provide \\Jeoures
120 litres per day for length of dry
period ( 180 days without rain ) with

72w rool

the area of roof is 72m? And nextly T -

down part of Fig. 1 shows a hemi- .
shperical under ground tank with a ' )

volume of 78,000 litres. If the tank is 'ﬁ;
full at the start of a six months of dry / ' '

""""

season, it will provide 459 litres per

day with little loss evaporation, with

the area of 175m? of roof and added Fig. 1 Examples of roof catchment of rain-
water in semi arid Africa ( quoted

30m? of the roof of the tank where from Dr. N. Potersen and Dr. M. Lee)

average annual rains is estimaded as 811mm.
3 Some reports about maintaining and improving water quality in semi-arid

Africa

We could find that there are several actions that can be taken to improve
water quality. Firstly, water is washed from a relatively clean roof, gutters and tank
those are washed periodically to prevent leaves, dust and dead animals and insects,
and reducing the polutants washed into the water and the number of insects that
breed in the tank. Nextly, when cistern stored water is used for drinking purpose,
water-testing, to at least determine the presence of coliforms, disinfection methods
as chlorination, ultra-violet radiation and boiling etc. are included®.

In addition to this bacteriological contarmination, the study about heavy metal
and the comparison with the standard with WHO®* gathered much attention.

IIT Statistical analysis of rainfall and design of cistern system

Here 3 observation stations of the daily precipitation ( rainfall ) were selected.
2 were in remote islands in Seto Inland Sea in Ehime prefecture, and 1 was in
Maizuru city in Kyoto prefecture that locates in the middle part of the seashere
along the Sea of Japan, and this was added for comparioson of this analysis.
Fig. 2 is the map of Japan and the locations of the islands and Maizuru City.
Firstly, to determine the maximum utilization quantity of water by every day with
rainfall, we examined the average daily rainfall or annual precipitation depth.
Secondly the continuous no rainy days were examined. Where the longer periods
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of no rainy days happen in so many time, the bigger storage tanks are needed.
The maximum utilization quantity of water by every day Quax is gained by eq.
(1) and the daily water use @ is determined with the coefficient K as K * Qunax .
Here the variation of cistern store volume in the tank with water use and daily
rainwater everyday, were simulated and plotted, with the initial store volume of the
cistern system. This plot curve is gained by eq. (2 ), (2 )
Fig. 3 is the flow chart of this calculation.

EIZC*A*R,J
Qmax— LxM (1)
dV _ .
Tt_—C*A*R Q (2)
eq.(2) is reformed into (2 )
Vii= Vi +(C*A%R;;— K % Qmax ) (2)y
Vmaxzmax(lvi,jl) (3)
Vs:{lmin(Vi,j)'} (4)

R,; . Rainfall at the 7 th year and the jth day
Vis « Store of water by rain fall water use in cistern system
GQnax - Potential maximun water utilization
@ : Quantity of water use per day, defined as K #* Qmax
C  : Coefficient of runoff

K Coefficient TT T 9
of water use against the | 0. SOkm 100km
maximum quantity ah . 9 SETQ INL’X\I\?E‘)\E-

A i Area of the  HIROSHIMA il =
watershed ( here the area : )9 2 LV/\ Uoshlm:_

of roof 100m? )
Vmax - Maximun stor-
age volume for cistern tank
Vs ¢ Supplementary
water to maintain the sta-
ble water supply @

L : Maximum
length of days of each year
M iterm of

years of each data

And this method
include the carry over into
next year. And with the

value of K, the storage ' ,,;Q;Z\" 0___ _200km o

volume of the tank could AP L/( !

be examined with daily g | I af ‘ \ l
data. Fig. 2 Map of Japan and the locations of the remote

islands and Maizuru City
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Fig. 4 Distributions of daily precipitation depth,
frequency of each class was converted
into that of 10 years
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Fig. 5 Distributions of continuous no rainy days, frequency of
each class wan converted into that of 10 years

Table 1 Annual precipitation depth and

potential of daily water use by

cistern system

Maizuru |Nakajima| Uoshima
average annual
precitation | 1837mm| 1588mm| 798mm
depth
potential maxi-
mum water uti- 5(](12 ¢/ 4%7 e/ ZIdS e/
lization ay ay ay

Table 2 Continuous no rainy days

Maizuru |Nakajima| Uoshima
frequency more
than 25daysin10 | 1.33 | 15.0 18.0
years
average 2.7 4.6 5.7
standard devi-
ation 3.8 6.7 7.7
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IIT Results and Disccusions

In these 3 stations, the term of the data at Nakajima island was 14 years
(1976~1989 ) and the average annual precipitation depth in this term was 1558 mm,
and this is estimated as large as about 87 % of all Japan. Nextly, at Uoshima island,
the value was very small as 798 mm and this was about 44 % that of all Japan.

And this is the reason that it is called that the water supply condition in
Uoshima is very severe. The distance between the two islands is not so far, but in
topograhic conditions, two islands are different as found in Fig. 2.

And at Maizuru City, the average annual precipitation depth in the 14 years
( from 1975~1989 ) was 1837 mm,that is estimated as a little more than the average
one of all of Japan that is about 1800 mm. And from these data, the potential
maximum daily utilization of water by cistern system of them were gained as Table
1. Here the Qnax is gained with 100m? of roof area, and the runoff coefficient was
regarded as 100 % . This table shows that the potential water utilization at
Nakajima was not so less then that’s at Maizuru. And in these two districts, water
utilizations by rainfall cistern system Qn.x might be recognized about two times as
much as in Uoshima.

Nextly Fig. 4 shows the fre-
quency distributions of daily precipita-
tion of each class that were converted
into the term of 10 years.

In this figure, some parts where
the daily precipitation depths were
larger than 5~15mm are enlarged.
And it shows that in the larger parts ———
than 55mm per day, data of 2 islands, 0 20 40 60 80 100 molnzt%s
especially at Uoshima, the parts that

Volume of cistern store

Fig. 6 Simulation of storage store with the

were larger than 55mm per day were input of daily rain and water use
far few than that at Maizuru City. those were multiplied k to maximum
. . utilization for comparisons at Ma-

Nextly Fig. 5 shows the compari- izuru

sons of the frequency of continuous
no rainy days ( periods ) of three

districts. Here, for convenience, when igg

the daily precipitation depth was less . 80 K=10

than 4 mm, that was treated as no & ig:

rainy days. E 20+ ,'\/' A, M /\ j\'\‘

At Maizuruy, it very often had the 8 01/ - W
continuous rainy days ( sometimes the E B ig ) \‘\ n K=105
snow fall included ) and it is very rare _§ - 604 v \'\.,-’ I‘-\ Ay
to observe the period that no precipita- jlﬁg’ A
tion continued more than 25 days. But 40 & 120 160 months
at Nakajima and Uoshima this data Fig. 7 Simulation of storage store with the

input daily rain and water use those
were multiplied k to maximum utili-
zation for comparisons at Nakajima

means very severe problem for water
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Table 3 Maximum storage volume of the tank

50T
40
30
20 \/ Vinax
o] |

K=10
0 A A
VAW,
- —201 Vs
maximum _30_ ﬁme
60

Maizuru Nakajima [Uoshima

K 0.95| 1.0|1.05 1.0[1.05| 1.0

supleinenrary
water for sta-|33.123.7|92.8| 75.1(8&.1 [33.0
ble water use

Volume of cistern store

designed vol-
ume of the 92.3|53.892.8[113.3[85.1| 41.0 —40

tank

120
months

0

supply. Table 2 shows this compari- Fig. 8 Simulation of storage store with the
sons and the severe condition of rain input of daily rain and maximum
fall for cistern system at Uoshima very clearly. water use at Uoshima island

Here we examine the maximum storage volume of the tank and supplementary
water to maintain the stable water supply by the simulation.

Here when K = 1.0, the storage volume ended with empty, theoretically, at the
last day of the term. And with the variation of K value ( 0.95~1.05) , the minimum
storage volume ( in negative ) and maximum volume was gained with the water
supply.

And Fig. 6, 7, 8 were gained for these cistern systems.

Then it must be understood that with this volume of supplementary water, this
cistern system could be maintained to supply the designed water in the term and
made carry over to next term. And the maximum volume in absolute value
throughout the term, must be unserstood that this volume of the tank as Table 3 was
necessary to maintain the designed water supply through the term.

Lastly, the rain water cisterns have been in use in many regions of the world
and in potentially a safe and economic supply of water. In Uoshima island too, the
rain water cistern system has worked very much. But today many pollutions as acid
rain have been enlarging and serious. In Uoshima the chlorination has been added
to improve the water quality. So we must pay much attention to this problem for
performing the effective rain water cistern systems.

IV Conclusion

This paper showed the potential of rainwater cistern systems by their daily
precipitation data in 2 remote islands in Seto Inland Sea where water supply was so
severe, and the data at Maizuru city in Kyoto prefecture was added for comparisons.
The data lengh of these 3 stations were more than 10 years. The average annual
precipitations depths were compared. At Nakajima island it is 1558mm and esti-
mated as 87 %, at Uoshima island 798mm as 44 % that of all Japan. And at Maizuru,
that was 1837mm, where the depth value was a little more than that. Here the
potential maximum water utilization in a day of each district was examined. At
Uoshima it was about 218 litres per day with the roof of 100m? in area.

Nextly, the basic analysis showed that the severe conditions for the rain water
cistern system were caused by the small annual precipitation depth, the frequency
distribution of daily precipitation and the frequent existance of long periods of
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continuous no rainy days as more than 25 days, in the distribution.

Lastly, it was found that the simulation of the cistern store with daily precipita-
tions and water use was very significant to determine the storage volume of the tank
and supplementary water in the system. And the stable maintenance of the cistern
system and stable carry over into the next term could be performed.
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