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Abstract

In rural areas far away from urban centers and on the very small islands (less than 100 km²), where underground water is very limited and the geologic conditions for storing surface water are not favorable, rainwater harvesting is the only available alternative to supply drinking water. In my paper I will present a methodology to find the best storage capacity of a rainwater cistern taking into account the hydrological, harvesting and consumption variables. While small cisterns help to save water, big cisterns are cheaper.

Introduction 

San Andrés Island (West Indies, Colombia) has about 70.000 inhabitants including certain, significant number of so-called “illegals.” Water is one of the most important resources of the island. This situation generates a strong pressure on the underground water supply creating problems of bacteriological contamination due to wrong management and saline intrusion due to aquifer overexploitation. While the island natives are used to collect rainwater, immigrants, especially the poorer ones, have to spend up to half of their income to buy drinking water.

General information

San Andrés has an area of 27 km² and is located 187 km from Nicaragua’s Atlantic coast. It is 12 km long and has an average width of 2.5 km. The center of the island is hilly, and the hills reach a height of 85 m. The geology is almost exclusively limestone and conforming two units of different age. The San Andrés geologic unit that rises in the center of the Island, and the San Luis geologic unit that constitute the plane part of the Island, overlying and surrounding the San Andrés unit.

The climate is influenced by the Trade winds, with a rainy season from June to December and a dry season from January to May. The average temperature is 27 º C and the mean annual rainfall 1950 mm.

Methodology 

To find the optimum storage capacity of a cistern a mass balance is carried out adjusting the demand for water to avoid unnecessary overflows. 

Water supply
Due to the rainfall stochastic characteristic, it is necessary to apply statistical techniques in order to estimate it. Although the rainfall for the same month through the years is not always the same, it has a “tendency”, a value which is reached on the average "x" times in a very long period - Return Period -. To estimate the rainfall probability, we use the Weibull distribution (1): 
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In which m is the ordered sequence of “x” values -in this case the historical precipitation-, m = 1, 2, 3,... ..., N and N is the sample size of the ungrouped data. The result of the statistical analysis for San Andrés Island is shown in table 1. 

Table 1. Monthly precipitation values in mm. for different probabilities. 

P(x)
0.50
0.70
0.75
0.80
0.90
Average

Return Period
2.00
1.43
1.33
1.25
1.11


Jan
72
55
54
45
36
89

Feb
35
21
21
14
10
37

Mar
20
14
12
10
4
22

Apr
20
10
9
6
5
30

May
120
65
64
58
38
125

Jun
207
120
114
95
68
226

Jul
176
141
139
124
75
200

Aug
169
121
120
118
92
194

Sep
210
168
167
152
129
236

Oct
310
223
202
181
118
303

Nov
225
157
150
137
97
287

Dec
148
106
101
96
75
161

Where 72 mm will be the predicted precipitation in January with 50% probability - Return Period 2 years - this means that on the average in the long run, every two years the rainfall value in January will be at least 72 mm. 

However, the quantity of harvested rainwater is subject to the collector system efficiency and the roof area. Table 2 shows the water available in m³/month for different gathering areas on San Andrés Island, if the efficiency of the collection system is 80 % (roof, channels, etc.), and a 75% rainfall probability.

Table 2. Water available in m³/month on San Andrés Island

roof area in m²


1
5
10
15
20
25
30
35
40
50

Jan
0.0432
0.216
0.432
0.648
0.864
1.08
1.296
1.512
1.728
2.16

Feb
0.0168
0.084
0.168
0.252
0.336
0.42
0.504
0.588
0.672
0.84

Mar
0.0096
0.048
0.096
0.144
0.192
0.24
0.288
0.336
0.384
0.48

Apr
0.0072
0.036
0.072
0.108
0.144
0.18
0.216
0.252
0.288
0.36

May
0.0512
0.256
0.512
0.768
1.024
1.28
1.536
1.792
2.048
2.56

Jun
0.0912
0.456
0.912
1.368
1.824
2.28
2.736
3.192
3.648
4.56

Jul
0.1112
0.556
1.112
1.668
2.224
2.78
3.336
3.892
4.448
5.56

Ago
0.096
0.48
0.96
1.44
1.92
2.4
2.88
3.36
3.84
4.8

Sep
0.1336
0.668
1.336
2.004
2.672
3.34
4.008
4.676
5.344
6.68

Oct
0.1616
0.808
1.616
2.424
3.232
4.04
4.848
5.656
6.464
8.08

Nov
0.12
0.6
1.2
1.8
2.4
3.0
3.6
4.2
4.8
6.0

Dec
0.0808
0.404
0.808
1.212
1.616
2.02
2.424
2.828
3.232
4.04

Total
0.9224
4.612
9.224
13.83
18.44
23.06
27.67
32.28
36.89
46.12

To find the net available water volume it is necessary to multiply the precipitation in mm. by the efficiency of the collection system in fraction and for the gathering area in m², then it is divided by 1000, a factor to make the equation dimensionally correct.

Estimate of the demand 

The available water supply is calculated based on the net volume available per square meter or yield of the system (0.9224 m³/m²-year) and the number of inhabitants per housing. 

The following example shows how to calculate the available daily water supply per inhabitant on San Andrés Island using the data from Table 2, taking a gathering area of 100 m² and 5 inhabitants per house. 
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It is important to score that the variables above are only the available water volume, the gathering area and the number of inhabitants; the others are just factors to make the equation dimensionally correct.

Table 3. Rainwater supply in l/person-day on San Andrés Island for different gathering areas 

Average Value
San Andrés 

Area average of the housing (m²) 
75
125
100

Inhabitants 
5
5
5

Gathering capacity P(x) = 0.75 and ef = 0.8 (m³/year) 
69.18
115.30
92.24

Available supply (l/person-day) 
37.91
63.178
50.542

To give an idea how much water is supplied, we suppose that with 50 l/person/day (more or less 5 buckets), it is possible to have drinking water, cook one's meals and take a little shower.

Determination of the optimum storage capacity

A mass balance is carried out, where the demand given by the available rainwater supply found in table 3, is multiplied by the number of inhabitants and the number of days per/month; the offer will be given by the monthly precipitation multiplied by the efficiency of the collector system and by the gathering area, found in the table 2. Then, different cisterns volumes are tried out, in a way that the value at the end of the harvesting period -December -, is the same as the value at the beginning of the harvesting period -January - and that the volume stored in the cistern never has negative values. Once the value is found, the biggest volume stored in the cistern during the year is found out, and this will be the volume in m³ that the cistern should have.

Table 4. Balance between the offer and demand of water for the different months and different gathering areas on San Andrés Island. The cistern volume in m³ is in black.
Roof area

(m²)
Initial Vol.
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

In
75

3.24
1.26
0.72
0.54
3.84
6.84
8.34
7.20
10.0
12.1
9.00
6.06

Out


5.87
5.31
5.87
5.69
5.87
5.69
5.87
5.87
5.69
5.87
5.69
5.87

Net


-2.63
-4.05
-5.15
-5.15
-2.03
1.16
2.47
1.33
4.34
6.25
3.32
0.19

Storage

19
16.3
12.3
7.17
2.02
-0.01
1.14
3.61
4.93
9.27
15.5
18.8
19.0

















In
125

5.40
2.10
1.20
0.90
6.40
11.4
13.9
12.0
16.7
20.2
15.0
10.1

out 


9.79
8.85
9.79
9.48
9.79
9.48
9.79
9.79
9.48
9.79
9.48
9.79

net


-4.39
-6.75
-8.59
-8.58
-3.39
1.92
4.11
2.21
7.22
10.4
5.52
0.31

Storage

32
27.6
20.8
12.2
3.69
0.30
2.22
6.33
8.54
15.7
26.1
31.6
32.0

















in
100

4.32
1.68
0.96
0.72
5.12
9.12
11.1
9.60
13.3
16.1
12.0
8.08

out


7.83
7.07
7.83
7.58
7.83
7.58
7.83
7.83
7.58
7.83
7.58
7.83

net


-3.51
-5.39
-6.87
-6.86
-2.71
1.55
3.29
1.77
5.79
8.33
4.43
0.25

Storage

26
22.4
17.1
10.2
3.38
0.67
2.22
5.51
7.28
13.0
21.4
25.8
26.0

The last step should be carried out with the help of a spreadsheet in order to speed up the mathematical operations, since these, although simple, would take too much time without the help of a simple computer. 

Conclusions 

Following the previous instructions there will be a constant supply of rainwater as well as the best plan for the use of the resource.
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