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(2). Making a rational plan of the plain vegetation. Making a rational plan
of the plain vegetation is an very important measure for improving field micro-
climate and promoting the function of rain-fed irrigation agriculture. Many
countryside pay much attention to this work, protect the vegetation in the field so as
to lessen the soil evaporation. They have built forest net in the field and carried out
the inter-cropping of crops and trees or trees and weeds. Sparse trees in field is
favorable for water storage control and water quality improvement. With regard ro
the cropping system, the traditional experiences and modern techniques should be
combined.

(3). Coverage of farmland. Land coverage is very effective for decreasing soil
evaporation, ameliorating soil texture and lessening the effective soil radiation.
Therefore, under the condition of developing rain-fed irrigation agriculture, land
coverage must be established as a rule for cropping system.

(4). Reviving the traditional agricultural techniques. China is one of the
countries in the world with an ancient civilization. The legacy of experiences and
science about agriculture is very rich. So, it is very useful for agriculture to revive
the traditional agricultural techniques. The traditional techniques include: deep
ploughing of the farmland; increasing manure fertilizer to change the soil texture:
intensive cultivation and management and operation of agriculture strictly according
to the 24 solar terms. It is undoutable that rain-fed irrigation agriculture will bring
about a considerable economic profit.

























































90 ; e
80 : 0%~ ‘

Drafi(mm/month)

70 , =

60 +——- ——— ——1

40

30

18 / | I I
500 750 1000

50 1 B v
Z I |
,l | | |
20 7
i ‘
Storage Capacity(mm)

1250

Fig 6. The established storage-draft-supply failure percentage curves
for Neimen station using historical data

=]

Oy
L= s

Drafi(mm/month)

o=t 1) LD P

SO O oo

500 1000 IGO0

Storage Capacity(mm)

o

Fig 7. The established storage-draft-supply failure perceatage curves
for Yenchao station using historical data

oy | -. ' e
/5% | B |
AT ; s %
S A i '

oD
oo

’]
L
t

£ a0 -

Drafi(mm/month)

/ ! l :
| LS { i
|

— )W
(=lelalisiilellsle]
4 4 -—
$

|

o

1000

2000

3000

Storage Capacity(mm)
Fig 8. The established storage-draft-supply failure percentage curves
for Tienliao station using historical data

b -~ 39



























































































































































































































































































































Biomass is divide into five groups respectively of branch, leaf, trunk, bark and root

following the classification method of Klarft, and its green weight and dry weight are also
separately determined. Additionally, using the relative growth method, the regression
equation berween the dry biomass of each group and D’H is established:

W, = a(D*H)®
then the total biomass of whole tree corresponding to each group can be worked out.

N is determined by the semi minor method of Kaishi. P is determined by molybdenum
blues calorimetric method and K by atomic absorption spectrophotometer method.

The biogeochemical cycle of nutrient elements in the ecosystem of man-made wood
land has a close relation with hydrological process. When researches on the cycle of nutrient
elements and hydroiogical process in a basin is carried on, with the help of basin’s nurrient
cycle and water cycle of its runoff, nutrient content of the input and output runoff fields is
determined. And the input-output biogeochemical cycles of the three elements N. P K are
shown in following Table 1.

Table |. Annual Input-Ourput of Elements N,P.K

Term N P K
Annual Input 4.85 0.43 9.56
(precipitation)

Annual output 0.64 0.07 2.31
(runotf)

Annual net gain 4.21 0.36 7.25

Note: In Table | annual input mainly refers to precipitation (minor dust and N,, O,
etc. gases are not included), runoff largely refers to surface water and groundwater.

It is clearly shown in Table | that, in the eco-system of man-made wood land, the
annual net gain of elements N, P, K is between 0.36-7.25 kg/10°*m?, and their order is (from

high to low): K>N>P.

In the ecosystem of man-made wood land, biological cycles generally complies with
following equation.
Loading = Stocking + Returning
6 - 144






Diagram 1. Variable Process of Element N in Ecosystem of Man-made Wood Land

............................

M
Fo.:=78.42 | X, (364.6) | Fi, 2°38.6
Loading Plaot Withering

Substances
; Leaching ' | Fy, s=2. 62
Precipitation
Input X, (14183.6) |+—— X, (66.6)
Ve 2=4. 85 . Seil Decompasing | Fallen Leaves

P ; Fa, 5=33. 3
Runoff Output y Fa. ==0. 64

It is known from Diagram 1 that the whole system is divided into three parts. M is
the environment. Vmi is the input of i part of system from the environment. Xi is the total
quantity of certain element in each part. F; is the flux of elements (it is the quantity of
cerain element coming from i part to j part). a;,=F,/x; stands for circulation rate (it is
suppesed as a constant.). So the general form of local variable equation of certain element’s

cycle in system is :

dx/dt = Ba X, - TaX, + Vi,
j

The continuous constant system also can be expressed by martrix as: .
dx(t)/dt = FX(t) + GV(1)
in which F and G are both matrixes.

Tperefore, the variable mathematic mode of N is obtained:

dx,/dt = 0.1163 X, + 0.0055 X,
N dx,/dt = 0.1089 X, - 0.5000 X,
dx,/dt = 0.0074 X, - 0.5000 X, - 0.0056 X; + V.

Expressed by matrix, then

dx(t) _
T Fx(t)+GV(t)

In which;
6 - 146












In order to unravel the influences of fertilizer application and intermediate cutting on
the changes of elements N, P, K in the ecosystem of man-made wood land, the circulation
rates obtained by simulation can be compared under the two states explained above, and the
results are shown in Table 7.

Table 6. Changes in time of elements N. P. K in each part of the system when Xi is
reduced to one-half.

Nutrient | age | plant net fallen net soil net
element accumu | leaves accumu accumu
lation lation lation
N 0 177.25 66.60 14183.60
1 227.48 50.23 89.01 22.41 14107.58 | -76.02
5 228.34 0.04 105.23 17.56 14119.67 | 4.03
10 228.45 0.03 105.94 0.13 14144.07 | 4.85
P 0 14.02 1.86 4356.68
1 17.13 3.11 2.11 0.25 4353.05 -3.63
5 17.15 0.02 2.34 0.05 4354.27 -1.24
10 17.15 0.00 2.35 0.01 4354.12 -0.64
K 0 104.51 41.74 91819.93
127.86 23.35 31.49 -10.25 | 31799.18 | -20.75
5 128.12 0.26 28.32 -0.63 91825.96 | 8.92
10 128.14 0.02 28.13 -0.05 91873.96 | 8.58

It is shown in Table 7: (1) circulation rates at the age of 1, 5, 10 under the condition
of applying fertilizer are all higher than those of before applying fertilizer (initial condition),
which indicates that fertilizer application can promote the circulation rote of nutrient
elements, It is also shown in Table 7 that at the age of 10, the rates of N, P, K all approach
1, namely, Returning is almost equal to Loading, which stems from the ever-increasing of
fallen leaves along with the growth of age and the gradual reduction of loading. (2) under
the condition of intermediate cutting of high intensity(50%), the rates of N, P, K at the age
of 1, 5, 10, are all remarkable lower than those of before intermediate cutting, which shows
that intermediate cutting of high intensiry can suppress the cycle of nutrient and lower the
circulation rate remarkably, obstruct the nutrient cycle and disturb the balance of nutrient,
and further, affect the growth of the stand.



Table 7. Circulation Rate of nutrient elements at different age stages under different

conditions (Returning/Loading)

Condition Initial condition applying fertilizer Intermediaie
(doubling cutling

age 1 5 10 I 5 10 1 5 10

N ; 0.78 | 0.93 | 0.94 079 | 0.8 | 0.99 040 | 0.49 | 0.50

? 0.56 | 073 | 0.74 0.8¢ | 0.98 | 0.99 0.53 | 0.50 | 0:50

K 065 | 077 | 088 0.85 | 0.98 | 0.99 053 | 050 | o.s50

According to above experiment, conclusions can be summed up as following.

1. In the decade-ennial ecosystem of man-made wood land the net accumulations of
N. P, K are between 0.36-7.25 kg/10*m?, and their order is (from high to low): K>N>P.

2. Circulation rate of each nutrient element is ecosystem has a direct influence on the
growth of the stand. In the ecosystem mentioned above, the rates of N, P, K, are 0.53, 0.45,
and 0.52 respectively, and their order is N>k>P.

3. Based on the variable mathematic model established in this experiment, the results
of the simulation analysis on elements N. P, K in the ecosystem of man-made wood land
show that the distribution of the input quantity of each nutrient element corresponding to each
part of the ecosystem are varying along with the growth of age. The changes are relatively
y remarkable in the early years old. which tend to be stable gradually after eight years old.
which indicates thar the ecosystem of man-made wood land has an inner function of self-

adjustment to maintain its stability.

4. Applying fertilizer on ecosystem not only increased the stocking of nutrient in soil
, but also raises the circulation rate of nutrient in the ecosystem. The results of simulation
analysis show that under the condition of fertilizer application, the rates of N, P, K at the
age of 1, 5, 10 are higher than those of before applying fertilizer.

5. Appropriate intermediate cutting can improve the state of stand, and relatively raise
.its net productivity. However, intermediate cutting of high intensity will disturb the inner
function of self-adjustment of ecosystem and make the cycle of nutrient elements out of
balance. Therefore, intermediate cutting of high intensity can destroy the stability of the
entire ecosystem. The results of simulation analysis also indicate that when intermediate
cutting intensity reaches 50%, circulation rates of N, P, K, are all lowered.

6 = 151
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(i)

(if)

start GWBASIC

main0l

enter choice of

data file
management
(DATAOL)

program

pumpinog rate

Figure 2: Total RWCS Model for Airports Subjected to Tidal Effects
{(NTURWCS.MK4.Main 01)

The optimum pumping rate of raw water (from the rainwater storage reservoir) and
storage capacity of the treated water service tank (NTURWCS MK4.PUMP 01) (for

flowchart see Figure 3)

Volume of buffer reservoir to contain spill volume of excess rainwater as well as
incoming sea water during high tide. (NTURWCS.MK4. WATER 02) (for flowchart

see Figure 4)

quit from the
main
program

water tank

simulation
(WATEROL)

volume of

secawaler

intrusion
(WATER02)




Input the no of days of data
available (N) and the pumping

rate bour (HR)

read input data file containing demand data

l

conversion to m3/br if demand data are in
minutes or seconds

!

compute max demand (MAX) and rate of
pumping (RATE)

l

compute volume of treated water storage
tank (STORE)

Figure 3: Maodel for Raw Water Pumping Rate & Service Tank Volume
(NTURWCS.MK4.Pump.01)

CASE STUDY IN SINGAPORE

(a)

The RWCS in Singapore Changi Airport

This system (Appan. 1993%) which is successfully being operated from 1986 involves a total
catchment area of 1316 ha comprising 40% paved and the rest turfed areas. The runoff.
which has an average quality. is directed through an excellent svstem of drainage channels and
is collected in a storage reservoir. Some of the water is treated and then used for non-portable
purposes. The system includes the South End storage reservoir (320,000 m3) from which raw
water is pumped at the rate of 128 m*h for 14 hours to a treatment plant and the treated
water stored in a service tank having a capacity of 3332 m3. This treated water is utilised for
non-potable uses like fire-fighting, toilet flushing, replenishing of cooling water for air-
conditioners and some irrigation. The volume used is about 30% of the total water demand of
3000 m%/d. At times, when the storage of treated water is insufficient, there is an arrangement
by which potable water is supplied to this tank. This volume has been worked out to be 13%
of the total non-potabie water utilised. To cater for the incoming tidal flows and the overflows
from the rainwater storage reservoir, there is the buffer reservoir which has a capacity of
100,000 m?.



)

L

Toat read tid.dat and ra.dat
{tidal & rainfall data)
input the catchmeat ares and lnput the oumber of raiafall
its rel h NO), ber of tidal level
coelTicient (Z) and the manning's o value
X
compute max raiafall for 12 pute the of
bours rainfall collected (raincol)
l y
compute the flowrate due to
seawater intrusioa (Q) Inpiat Enlvect i
compute the volume of water
due to seawster intrusion
(volumel)
!
compute total volume of water /
due to rainfal and end
intrusion -\

Figure 4: Model For Bulfer Reservoir Size (NTURWCS.MK4. Water 02)

(b) Computer simulation runs and discussion:

Using the model NTURWCS.MK4, a series of runs resulted in optimal sizes for the rainwater
storage tank. the rate of pumping of raw water to the water treatment plant. capacity of the
treated water service tank and the size of the buffer reservoir.

(1) Rainwater storage reservoir: The results of the runs using one year's data have been
explained for areas having runoff coefficients of 0.8-0.9 in paved areas and 0.5-0.6 in
turfed areas (Appan, 1993). However, using two continuous vears of hourly rainfail
data in the same model, the optimum size of the reservoir was computed to be
100,000 to 110,000 m® against the existing capacity of the South End reservoir which
is 320,000 m’. This overdesign could be attributed to the fact that, at the time of the
original design, the main criteria was not the collection of the rainwater but the
collection of runoff to ensure that the runways, under all conditions, should never be
flooded.



(ii) Raw water pumping rates from raimwater storage reservoir and volume of treated
water service tank: From the simulation runs, the maximum daily demand obtained
is used to arrive at the various pumping rates for the different pumping durations. The
variations in the demand of the maximum day are determined by field monitoring over
a period of time. The various pumping rates for the different pumping hours and the
respective computed service tank sizes are then computed..

The current raw water pumping rate is 128 m?/hr, intermittent for about 14 hours a
day, and the treated water service tank storage capacity is 3332 m*. In the process, the
non-potable demands cannot always be met. Consequently, the more expensive potable
water, which is supplied by the water authority, is being tapped whenever necessary.
Actually, there is no need to use this potable water source as there is an abundant
amount of raw water that is running to waste.

If potable water is not to be used to make up for the current non-potable water needs.
and if the current pumping rate of 128 m3/hr is to be maintained. then the storage
capacity required will only be 230 m® provided 23 hours of continuous pumping is

maintained.

The existing water treatment plant capacity is 164 m’/hr for 22 hours operation. If
the present raw water pumping rate is increased to 164 m¥hr. then the storage
capacity of the treated water service tank would be 820 m? for 17 hours continuous
pumping in which case there will be no need to tap the potable water source.

(iii)  Buffer reservoir: Using only two years' rainfall data. the maximum spill volume from
the main reservoir and the sea water intrusion. the storage capacity required has been
found to be 68,000 m®. This is about two-thirds of the existing capacity of

100.000 m?.

CONCLUSIONS & RECOMMENDATIONS

(a)

(b)

(c)

The model NTURWCS.MK4. incorporates three programs that satisfy the design requirements
for the collection and use of rainwater in airports whose drainage systems are influenced by
tidal effects. When these three programs operate in unison. the salient design volumes and
pumping rates necessary for such an RWCS are obtained.

In the SCA. the existing storage volume of 320.000 m? of the rainwater storage reservoir is
excessive compared to the required volume of 100,000 to 110,000 m* This excess volume
could be attributed to the fact that n this study only two vears data were used besides which
the priority at the time of design was to ensure that the runways would always remam dry. It
is recommended that, rainfall data should be extended to a far longer period of time.

Currently in the SCA, raw water is being pumped at 128 m*/h for 14 hours and the treated
water storage tank has a volume of 3332 m?. Consequently, there arises the need to utilise
about 13% of potable water. The use of the potable water can be overcome by increasing the
pumping rate to 164 m’/h for 17 hours but the volume of the storage tank need be only

820 m.
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Section 8

WOMEN ACTIVITIES IN
RAINWATER USE
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INVOLVEMENT OF WOMEN IN PLANNING

CDN has employed a "Women in Development" co-ordinator who is a woman to
deal with all projects aimed at assisting women in the rural areas. She meets with a
group and introduces the options available on water projects. They deliberate on
the suitability of each option,the extent of funding,the ability of the women to
contribute and the contribution "in kind" required. A group that chooses to start
roof catchment rainwater tanks then proceeds to discuss in depth about the
project.

-the ability to pay is discussed

-a group of 15-30 women is formed.

-it is agreed that members will contribute monthly and that money be kept in a
central pool.

-the registration of the group with the Community Development Office (GoK) is
done.

-all members agree to attend communal work and contribute regularly to the
central pool.

‘WOMEN PARTICIPATION IN FINANCING PROJECT. .

After the group has been registered,the design accepted by all and ability to pay
ascertained,members start contributing the monthly agreed amount (Ksh.200-400)
$ 5-8 . When enough is collected ,the group starts the construction of two tanks
for two members who are lucky to win the lottery (method used to decide who
gets the tank). The group prepares all local materials necessary,and pays for

transport.
WOMEN PARTICPATION IN THE CONSTRUCTION -

Women provide the unskilled labour required by the Water Programme

artisan,they provide water needed during construction (sometimes walking 1km to

the water source) and provide food and accomodation for the artisan. It 1s always a

pleasure to see happy dancing women as they help the artisan. .

WOMEN INVOLVEMENT IN MAINTENANCE AND REPAIR

After a new group has constructed a few tanks the Women's groups co-ordinator
arranges a meeting with the group to be addressed by the Medical co-ordinator
(CDN) or a Health officer from the Ministry of Health(rarely) on the "relationship
between water and hcalth" It is in such meetings where the women are taught the
need to clean roofs regularly,why it is important to drain all stagnant water around
the tank need to clean the roof area,need to clean the tank and remove
overhanging tree branches etc. '

8 - 24




































Section 9

RAINWATER QUALITY AND
iTS PROTECTION











































































CONCLUSION
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mg.

(4) NO: first increase, then remains constant for six weeks,
then decreases and remains 0 mg/l.

(5) NO; remains almost constant during storage. However, it can
not be seen clearly for difference of measurement scale.

(6) Turbidity remains constant during storage except first
period.

(7) Color remains constant all through the period.

(8) The results of coliform group and bacteria are positive
all through the periods.
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Table 1. Concentrations of Various Indicator Bacteria Recovered from Cistern Water

Cistern Number/ | MPN Index/100 ml Membrane Filtration Membrane
Sampling Week CFU/100 ml Filtration
CFU/ ml
TC EC H.S | TC EC FC FS TB
Cistern One
03-19-91 0 0 0 0 0 0 0 360
03-28-91 0 0 0 0 0 0 0 118
04-04-91 0 0 0 0 0 0 0 289
04-13-91 0 0 0 0 0 0 0 450
04-18-91 0 0 0 0 0 0 0 175
Cistern Two
03-19-91 16 9.2 16 78 4 12 23 567
03-28-91 16 9.2 16 45 4 9 27 519
04-04-91 16 16 16 108 18 35 49 782
04-13-91 92 2.2 92 36 B 23 19 445
04-18-91 92 22 92 23 2 12 10 476
Cistern Three
03-19-91 0 0 0 0 0 0 0 213
03-28-91 0 0 0 0 0 0 0 102
04-04-91 9.2 5.1 5.1 34 10 21 26 336
04-13-91 >16 >16 >16 263 20 35 112 1642
04-18-91 2:2 0 2.2, 12 4 12 8 214
Cistern Four
03-19-91 0 0 0 0 0 0 72
03-28-91 >16 54 >16 285 66 114 221 1663
04-04-91 2.2 0 16 10 4 8 12 45
04-13-91 5.1 5.1 16 13 8 8 10 56
04-18-91 5:1 5:1 16 24 12 16 18 112
Cistern Five
03-19-91 >16 >16 >16 129 35 60 41 1200
03-28-91 >16 5.1 >16 96 24 35 37 718
04-04-91 >16 >16 >16 | 248 92 96 102 945
04-13-91 16 16 >16 118 22 46 35 869
04-18-91 >16 5.1 >16 65 .- 12 16 18 568
Average >8.08 >534 >935]| 63.5 13.64 2232 30.72 517.44
(25 samples)

note: TC-Total coliform, EC- E. coli, H,S-Hydrogen sulfide test,

FC-Fecal coliform, FS- Fecal streptococei, and TB-Total heterotrophic bacteria
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TABLE (7) :
TOTAL COLIFORM COUNTS IN 100 ml SAMPLES FOR STAORED RAINWATER
IN CISTERNS IN SOUTH OF WEST BANK

Total Coliform Counts in Total Number % Total Nnumber
100 ml Samples of Samples of Samples

0 146 73

1-10 10 5

11-20 15 75
21-30 12 6

3140 7 35
41-50 B 2
>30 6 3

Total 200 100

FIGURE (1)

CISTERNS WATER QUALITY TESTING

MCT SONTAMINATED -28
r3%

< ;
VZCN TAMINATED 54
27%

Table 8 presents the results of total coliform contamination in rainwater collected

from various cisterns in south of West Bank acco:ding to cistern environment, cistern age, and
method of collecting water to the cistern.
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(c) Summary of water quality in South East Asia
A summary of some of the quality characteristics investigated and reported in different
countries is presented and comparisons, made with WHO Guideline values.

(1)

Thailand: In a study covering the whole country, 1292 samples were
collected over a period of 4 years mainly from jars (Nantana, 1987). The
results are shown in Table 2.

Table 2 : Roofwater Quality - Thailand (I)

Parameter Satisfactory Values *
pH 83.66%
Coiour 88.01%
Turbidity 90.00%
Iren 92.31%
Manganese 94.29%
Lead 59.26%
Cadmium 93.20%
T Cali 12.81%
F Coli 23.73%

* Note: Values are % of total samples.

In terms of physico-chemical parameters more than 83% of the samples were
satistactory in the above Table 3 except for about 40% of the samples
exceeding the allowable limits of Lead. Hardness. Copper. Zinc. Chromium.
Sulphate. Chloride and Nitrate levels were well within the WHO guideline
values. In terms of Coli. more than about 76% of the samples had values
exceeding the WHO guideline standards.

Table 3 : Roofwater Quality - Thailand (ITI)

Sampling Acceptable Qualitv ‘ FC/FsS

Locations T Coli FColi | ECoh | »>a | <1
Roofs & Gutters ! 10% 0% | 22% | 8%g| 7%
Tanks & jar 35% 30% 4a7% | 7% 82%
In-nouse Containers 22% 22% _67% 47% 39%

In another series of tests conducted in three locations in Khon Kaen (Wonpen
1989), 709 water samples were collected from the roofs and gutters,
containers (tanks and jars) and the point of consumption. The tanks were
made of cement or galvanized iron whereas the jars were made of mortar and
were about 2 m? capacity . A summary of the results is shown in Table 3. In









































































Table 2. Comparison between estimated deposition due to fog and measured
mean weighted precipitation dep. at Rudolice in the Krusné Hory Mts. Through-
fall dep. in the Jezeri basin and total water dep. in 1994 are also reported.

lon P TH F F/P-
[ka/km2.y] [kg/km2.y] [kg/km2.y] [°5]
Na 122.13 566.00 1105.04 905
K 56.63 2201.00 133.00 235
NH4 734.89 1668.00 1390.80 189
Mg 42.56 296.00 225.72 530
Ca 296.56 1609.00 326.80 110
Mn 1.95 116.00 13.11 673
Cl 414.74 1134.00 487.92 118
NO3 2654.82 5518.00 5735.72 216
S04 4068.57 13927.00 3340.20 82
Pb 6.07 3.97 66
cd 0.19 0.33 179
Ni 1.76 2.32 132
Water dep.[mm] 833.10 | 702.10 | 76.00 9 |

P - weighted precipitation yearly deposition [kg/km2.y] (Santroch, 1995)

at the Rudolice station
TH - throughfall deposition [kg/kmZ2.y] (Fottova, 1995) in the Jezeri basin

F - estimated fog deposition [kg/kmZ2.y] at the Rudolice station
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Section 10
TECHNIQUES AND DESIGNING



























Perc. WC water cons. per month

8 9 10 11 12
Month

—=— Daily —— Experimental

Figure 3 RCS model sensitivity to daily time series
(C; = 1; D = 0.049)
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Figure 4 RCS model sensitivity to hourly time series
(C; = 1; D = 0.04)
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investment and operation fee of several designs to judge economic

effect and social effect of these projects.

.2.8.1 Water supply project construction cost per ton
Family-small-size‘ drinking water supply project in Hulu town is

designed to 73 ton annual water supply.Project investment ut one time

is 2406.50 Renminbi (RMB). Construction cost is 32.95 RMB per ton.

Centralized water supply project is built at neighbour town.Annual

water supply is 73000 ton.Project investment is 1,683,900 RMB (connected

with 100,000 ton water reservoir).Construction cost per ton water is

23.67 RMB (Table 2).Its construction cost is lower thaun family water

supply project.

Table 2. Project construction cost per ton

project name total comstruction annual water supply construction cost

cost (RMB) cﬁpacity (Fon} of per ton water
family water supply
project of Hulu town 2,400 73 32.95
centralized water
supply project of
Xiashi town 1,683,900 73000 23.87

2.3.2 Annual operation fee

A-nnual opration fee includea munual fee of operstion and
maintainance of water supply project.Water guality purification and
disinfectant cost and electric fee (see Table 3).0Operation cost of
family water supply project in Hulu is lower in the two kinds of water

supply projects.



Table 3. Annual water operation cost

project name total cost of annual practical water cost of per ton

operation (RMB) supply amount (ton) water (RMB/T)

family water supply

project of Hulu town 22.94 73 0.31

centralized water
supply project of
Xiashi town 195800 60000 3.26

3. Conclusion

The qualification percent of water quality paramerers E.coli and
bacteria is raised up to 100% after project improvement.Chlorine
residue qualification percent is raised to 83.3%.The effect ‘i3
significant.One time investment i3 high.However annual operation cost
is lower. The ratio of cost and effect ig 1:2.5, all investment can be

reimbursed in 4.7 years.

Reference

1.GB8537-87. Drinking natural minenual water standard 1988.3
2.explanation of GB5749-85. {(Drinking water sanitory standard)
3."IRC" (Smull size water supply system engineering for developing

countries)
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2 Experiment Studv

2.1  On the relation between rainfall and runoff

In accordance with statistical analysis on rainfall and runoff data, we drew following
conclusions:

1) The more precipitation is, the more runoff coefficient is.

2) The high intensity of rainfall is, the more runoff coefficient is.

3) The short rainfall interval is, the more runoff coefficient is.

4) According to the observational data at three households, the runoff coefficient is

0.72.

2  On the relations between required water-receiving area per person and optimum

storage

The calculation for required water-receiving area (S) was based on annual
precipitation and water quota.

(RS ]

S=Q/(P*R)
Water usage quantity per person (Q) is 15 kg/person*day; runoff coefficient is 0.72: P
represents annual precipitation. In the experiment. the standard for firm percentage of
rainfall (P) is 50%. Based on water quota and run-off data, the result of calculation showed
that the optimum volume of a water cellar for a 4-person family is 12 m”.

Table 1. Required area of rainwater-receiving for per person

Firm Percentage(%) 50 75 95 averag
e
Annual precipitation(mm) 554.2 445.6 3199 571.3
Area for water-receiving .(m®) 13.7 17.1 238 13.3
23  On Qualitv of Received Water

Analysis of received water quality

2
(V5]
p—

2314 Observational indices

After filtering,, the observation indices by naked eyes accord with the requirement
of national standards. =

10 - 89



Table 2. The observational indices by naked eyes

Index Maximum Minimum National Standard
Colour 2 0 <15
Turbidity 2 2 25
Smell No No No strange scent
Visible objects No No o No

2312 Main chemical indices

The results of the experiments showed that such chemical index as pH. degree of
hardness, chloride, iodide, sulphur, iron, manganese, copper, zinc, nitrate and nitrogen
were under the national hygienic standards for drinking water.

Table 3. The results of experiment for main chemical indices

Indices : Maximum Minimum Average National

Standard

PH 9.6 7.66 8.19 6.5 - 8.6
Degree of hardness 226 <250
Chloride (mg/L) 158.11 19.76 70.27 <250
[ron (mg/L) 0.20 unround 0.136 <10.30
Manganese (mg/L) <0.1 = <0.15
Copper (mg/L) 0.053 <0.004 <1.00
Zinc (mg/L) 0.679 0.021 0.222 <1.00
Volatile phenol unfound untound unfound <0.002

2.3.1.3 Toxicological Index

The resuits of the experiment showed that the indices, such as fluoride, cyanide,
arsenic, phenol, mercury, cadmium, and Lead, were under the national standards.
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charge is 2160 yuan (43200*0.05). The annual maintenance cost is 864 yuan (2% of the
total investment).

3.1.3 Returns period

The returns period = 43200/(36324-2160-864)=1.3(year)

3.2  Social benefits and ecological benefits

The achievement of the project improved the hygienic condition. It provides the
people, who used to drink salt water and dirty water ever before, with hygienic water.
Diseases occurrence reduces, and the health condition is improved.

The project promotes courtyard cultivation. So It results in improvement of the
ecological environment.
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IMPROVING A KIND OF WATER HARVESTING SYSTEM IN
NORTH - EAST IRAN

Ali Akbar Abbassi®

Abstract
An old practice of storing the rainwater in North East of Iran such as Jajarm plain
is using Abanbar. In this paper a kind of Abanbar that is using in Jajarm plain is
described. This system is studied and some problems such as sediment siltation and
possibi.liry of polluting are found. A moditied type of Abanbar is recommended which

has not abovementioned problems.

Introuduction

Rainwater harvesting identified as one of the low cost option for rural
water supply is still widely practiced in the world today.

The concept of collection and storage of rain water as old as have been
recorded for many years ago. Rainwater harvesting is practiced in arid and semi
- arid regions. Harvested water at the end of a rainy season sould be stored to
use during the dry season. Harvested water is often used to supply human
consumption or livestock weaering in remote areas where travel between there
and springs or other available water sources is inconvenient.

The system should be occasionally maintained to obtain the maximum

benefit and to prevent the further problems. Protection of harvested water from

contamination is too important.

*Scientific Staff, Soil Conservation and Watershed Management Research Center, P.O.Box: 13445-1136, Tehran. Iran
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Rainwater Utilization in Izumo Dome and some Reformations for
Automatic Rainwater Catchment System

Kouichi TAKEYAMA * , Isao MINAMI **

ABSTRACT

This paper deait with abmormal precipitation in summer in 1993, 1994 and some rainwater
utllizations in Izumo Dome in Shimane Prefecture in Japan. Izumo Dome is a hybrid stucture
composed of laminated wooden beam arches and it is the biggest wooden construction in Japan. And
it is used for muiti— purpose events in rainy district, and the rainwater and groundwater are used
for many objects , and these system has saved much money and worked for making the actve

community in the district
Nextly , this paper studied on the development and reformation for the automatic rainwater
cawchment and distribution system. At first, some effects of syphon and filter were examined for
improving the water quality in the tank, and secondly the automatc water distibution by the
photovoltaic cell by solar energy, pump and timer were added. And the appropriate system of
automatic rainwater utlization system were examined for the water use as in green house or drinking .

I INTRODUCTION

In the summer season of 1993, we had many rainy days in many places in Japan but in 1994 very
severe lack of rain water. And many big cites as well as rural districts had to restrict the municipai
water supply, and Zrmers did for the irrigation water, too. And one of the most severe cdes is
Matsuyama City , Fukuoka City and Takamatsu City. And the unlization of rainwater gathered much
attention as Tokvo International Rainwater Utilizadon Conference that was held m Sumida—Xu in
Tokyo August 1994. Sumida—Ku has the Kokugikan that is the center hall of Japanese Sumou
Wrestling, that has rainwater utilizadon system, and many Rofisons. Rojison is a smail scale rainwater
utlization system that gather rainwater by roof of house and make storage in tanks in underground
and pump up by manpower. And with this water, alley even blind alley may become a small park.

* Associate Professor, Faculty of Agriculture and Director of Information Processing Center of
Shimane University Nishikawatsu—cho, = Matsue ,Shimane 630 Japan

Tel(0852)32—6545, Fax(0852)32-6499, E-—mail takeyama@shimane—u.ac.jp
** President of JIRCSA, JIRCSA Kyoto Research Park 17 Chyudop Minami—cho

Shimogyo Ku Kyoto Japan ,Tel(075)315-8617 Fax(075)315—8618
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Section 11

METHODOLOGY AND MODELING
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where A is cross-sectional area and ck is kinematic wave velocity, often
approximated by an exponential form. Eq. 2 may be solved by any number of
numerical methods, a common approach being a linear second-arder scheme

using central differences.

The US Army Corps of Engineers rainfall-runoff computer program HEC-1
has kinematic wave options for both overland and channalized flow. HEC-1 can
model a RWCS, treating the catchment area as an impervious watershed, the
gutter as a channel and the cistern as a reservoir. Unfortunately, while HEC-1
computes with standard FORTRAN precision, the output is formatted for
watershed scale, not rooftops. Printed discharge may truncate to a printed
hydrograph array of 0.00 m/s. The problem is resolved by storing values with
more decimal digits in a user-formatted file to be retrieved later.

A BRBWCS Exampie Problem

A planar school roof, 20 m by 10 mis pitched 1:12. The gutter is a trapezoid,
5 cm base with 0.5:1 sideslopes, 6 cm deep and sloped at 0.005. The gutter
hydraulic capacity is 0.001 m3/s Fig. 1 is the hyetograpn of a 7-mm 30-min storm.

35.00 + - 7.00
30.00 + s +5.00 —~
: SR E
T 2500 £ e o W PR intensity 13500 <
g 20.00 r Depth L1000 &
e o £
> ; ) =
B 15.00 £ + 3.00 >
3 : % . I
€ 10.00 + o + 2.00 =
il O L 3 =
5.00 qE ﬁ'.‘ 4 1.00 C

OQU + . ;_ P e : [ i L } e | : = LA T | ?\-b 1 O‘DO

0.0 5.0 10.0 15.0 20.0 25.0 30.0

Time (min)
Figure 1. Hyetograph

Fig. 2 illustrates the HEC-1 runoff hydrograph routed as a kinematic wave.
Discharge spills in excess of the horizontal “Gutter Capacity” line. The total area
under the discharge curve is 1.4 m3, the product of the rainfall depth and
catchment area. The area above the capacity line is the intercepted rainfall that
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Figure 1. The long term mean monthly rainfall distribution.
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(5) Budgeting method: It is calculated by daily rainfall and consumptive
use of crop then compute the residual effective soil moisture in the root zone,
even the rainfall very small, it also can be counted as ER. This method is the

most accurate than the methods above.
(6) The method from Water Conservancy Bureau in Taiwan.
A. When the soil moisture is more than field capacity after rainfall:

ER (mm) = [ field capacity(%) - soil moisture(%) before rainfall] * Depth
of root zone (mm) + daily consumptive use of crop * (rainy
days + 1)

B. When the soil moisture is less than field capacity after rainfall:

ER(mm) = [ Soil moisture after rainfall(%) - soil moisture(%) before
rainfall] * Depth of root zone (mm) + daily consumptive

use of crop *rainy days.
2.Estimation ER for paddy rice irrigation.

(1) Agriculture and Forest Department in Japan: Up limit of daily ER is
about 50--80 mm and low limit is 5 mm. Total rainfall within 5 days times
70%--80% then divide the rainy days (S) is equal to daily ER. If rainfall is
continuous, the maximum daily ER is calculated by the equation below:

]jéily max. ER = Ufiliz_ed rainfall - [ER in the day's before - daily
' B consumptive use in that day]

If daily rainfall is less than the calculated max. ER, the value is effective:
if daily rainfall is larger than the calculated value, the rainfall is max. ER.

(2) Hand Book of Agriculture Civil Engineering in Taiwan: Daily ER is
about 3--30 mm, the total ER is about 70% --90% of total rainfall in growing

s€asorm,

(3) Irrigation department in India:

1l = 46

































r; Soil bulk density (0~60cm at 1. 35g/cm?®, A0~100 at 1. 4 and 100~300 at 1. 45)
&; and & soil water content at the beginning and ending :
Based on calculation using the above equation, alfalfa water consumption for each mowing

are listed in table 2.

Tab, 2 Alfalfa water consumption

T T Efifective . Soll water Total (mm)
Rainfall (mm) used (mm)
1 52.9 128. 4 181.3
" 2 316. 1 —82.0 243.1
3 181.7 —51.7 130. 0
1 173 33.8 71.1
Total 568. 5 18. 5 515. 5

3. 3 Water used at different growth stage of Alfaila

The first three mowings ocuurred during 12 March 0 27 August. the duration was 163 day=,
during this time warer consumption was 545. 4mm. duly average at 3. 2mm. Since the weather
conditions and growrh period are different {or eacn mowing. the warer consumprion were 1iso

changing. Tab. & cives the warer Jsed ar dirferent siage of the alfalfa Jor eacn mowinz.

Tab. 3 Water consumprioa of alfalfa a: differen:
srewth stage Tor each mowing

Turning green Start ot neding Fiowering P
3¢, mowing item 3 Letm
to start of noding to Mowering 0 mowing
- water consumed 1.9 i 4 29: 4 181.5
! i stage duration 37 3 2 £e
daily warter used o i 3 2 (4448
water consumed 18.3 31.3 183. 3 3341
a stage duration 24 22 20 B
ily water used .3 1.8 9.2 6.5
water consumed 42.9 53. 4 33,7 130
3 stage duraiion 17 14 8 ’ 38
daily water used 2.8 3.8 4.2 3.3

Generally after alialfa flowering, water consumption reaches the highest, average daily con-

" 1l = 7











