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Abstract

This paper reports on the results of the University of Guam component of a three University cooperative research study funded by the US. Geological Survey Water Institute Program. The results of the University of the Virgin Islands and the University of Hawaii components will be reported in other papers contained in these proceedings. All three projects concentrated on problems encountered with rainwater catchment system (RWCS) implementation in each island region. 

The purpose of the University of Guam project was to develop and disseminate criteria to be used in the design of new or refurbishing of existing individual water supply systems for various islands in Pohnpei State, Federated States of Micronesia. The end product was a set of design curves and tables for sizing RWCS so that these systems can provide a continuous water supply even during the harsh drought conditions that affect this part of the world.

Introduction

The severe droughts affecting the Federated States of Micronesia (FSM) in 1993 and 1998 brought an increased awareness of drought and its effects on island water supplies. One major source of water supply in the atoll islands and many rural areas of the high islands of the FSM is rainwater catchment systems (RWCS). In many cases, through poor design and use practices, these systems failed to meet the needs of the people they were designed to serve. The combination of poor design and drought conditions has lead to severe hardship for many of the island’s inhabitants.

The purpose of the project, as reported in this paper, was to develop and disseminate criteria to be used in the design of new or refurbishing of existing RWCS. The paper will concentrate on the end product of the study which was to develop a set of design curves and design tables for sizing RWCS. These curves and tables were designed so that new or renovated existing RWCS can provide a continuous water supply even during the harsh drought conditions that affect this part of the world

Background

The islands of the FSM, while usually blessed with high rainfall, continue to suffer from water supply deficiencies due to many factors. These islands are very remote, and each island is dependent on locally available resources. They are also periodically struck by long periods of El-Niño induced drought. These droughts bring great hardships to those islanders living on the smaller atolls and rural areas of the high islands. They depend almost exclusively on RWCS as their primary source of water. Serious supply problems occur when the components of these systems are not sized appropriately. 

The FSM lies in the Micronesia (Western Pacific) area of the Pacific Ocean. This area lies between the equator and the tropic of cancer and extends from longitude 130 E to 180 E. More than 2000 islands are spread across this area. Of this total, almost 100 are inhabited. The islands range in size from less than 100 ft2 (9 m2) to 212 mi2 (540 km2). Annual rainfall ranges from 80 to 400 in (2,032 to 10,160 mm) per year. The FSM consists of four states; Chuuk, Kosrae, Pohnpei, and Yap States, with a total population of approximately 88,000. Pohnpei State, which serves as the location of the capital of the Federated States of Micronesia, has a population of approximately 27,000. (State of Pohnpei, Office of Budget, Planning and Statistics, 1990) Pohnpei State is made up of one high island, the Island of Pohnpei, and several smaller atolls.

Water supply systems on the Island of Pohnpei consist of a centralized distribution system for the Kolonia island center area, several rural village supply systems, individual household rain catchment systems and small wells and seeps. The atoll island water supply systems consist of rain catchment systems that are supplemented with water from shallow hand-dug ground water wells.

Project objectives

The overall objectives of the Guam portions of the joint project were to: 1.) Update information on water consumption for rural populations in Pohnpei State, FSM, 2.) Develop design and use criteria for the components of RWCS for individual water supply systems, and 3.) Prepare a booklet containing the design criteria developed in objective 2 in a manner that is comprehensible to those who will be installing and maintaining the RWCS water supply systems. This paper will report on the second of these objectives.

Develop design and use criteria for the components of RWCS 

Objective one of the project was accomplished through field visits to Pingelap atoll, a remote atoll in Pohnpei State. After this phase of the project was completed, we next explored various RWCS component sizes and water consumption rates in a computerized RWCS operational model. The operational model used was a Windows © based program called “ROOFRAIN”. (Heitz, Leroy and Khosrowpanah, Shahram, 1998) This program uses information such as daily rainfall, family size, roof rain catchment configuration and desired use rates as inputs. The daily rainfall record at the Pohnpei Island Weather Service Office at the Airfield (Station # 4751) was used for the analysis. The record at this station was complete for the period 1953 to 1996. 

Two water usage rates were adopted for all of the model runs. A use rate of 4 gallons (15.1 liters) per person per day was used for drinking, cooking, and washing dishes. A use rate of 11 gallons (41.6 liters) per person per day was used for bathing, washing clothes, and toilet flushing. These rates were developed by averaging present water usage rates throughout the FSM. (Heitz, Leroy et al., 1997)

The model uses a two level approach to use rates similar to the actual operation of the tanks by homeowners. The first use rate was called the normal use rate. This rate is applied when the tank is above a preset conservation level. This rate was set at 15 gallons (56.7 liters) per person per day. This use rate includes all of the uses normally supplied by the RWCS. The second rate was called the conservation use rate. This rate is applied when the tank level falls below a preset conservation level. The conservation use rate was set at 4 gallons (15.1 liters) per person per day. The conservation uses are those essential uses of drinking, cooking, and washing dishes. Four different operating schemes were explored. The first three schemes instituted the conservation use rates when the tank was below ¼, ½, and ¾ full respectively. At all other times the use rates were set to the normal use values. The final scheme used the conservation use rate at all times no matter how much water was in the tank. 

Next, we chose the design criteria for the proposed RWCS systems. The basis for the design criteria was to choose the minimum size components that would provide a reasonable level of protection against shortages of consumable water during drought times. A conservative value of 0 (zero) days without water is the minimum acceptable level of performance that was chosen. This conservative value was chosen because of the lack of backup water supplies in most of the areas where the design criteria will be applied. We operated the model over a range of RWCS component sizes, people served, and conservation practices. 

Table 1. shows the results of the model runs that were made using conservation scheme 1 which assumes conservation use rates apply only when the tank is below ¼ full. The table shows the number of individuals that can be supplied from various combinations of tank sizes and usable roof areas. The usable roof area is the product of the total roof area contributing water to the system and a runoff factor that accounts for leakage in the guttering. A similar table was developed for each of the conservation schemes described earlier.

Next, a set of design monographs was developed from the model run data. A monograph was developed for each of the conservation schemes described earlier. A 2nd order polynomial function was fit to the model output data. The usable roof area was assumed to be the independent variable and the number of people served was assumed to be the dependent variable in the polynomial function. A plot of the data for the ¼ full conservation scheme is shown in Fig. 1. Note that the areas between the curves have been crosshatched to indicate four different required-volume sectors. These required-volume sectors correspond to the sizes of tanks that are typically being constructed in the study area. The areas between the curves are assigned to the larger of the two bounding tank sizes therefore assuring a conservative design. 

Those using the monographs will compute the usable roof area of the structure and determine the number of people who will be served by the system. The intersection of a vertical line from the usable roof size value and a horizontal line drawn through the number of people served will reveal the correct tank volume sector and therefore the correct tank size to build.

Table 1. Results of rain catchment modeling runs where conservation use rates are adopted when the tank level falls below ¼ full.


Tank Volume gallons (liters)


5,700

(21,577)
3,100

(11,735)
1,400

(5,300)
500

(1,893)

Usable Roof Area ft2(m2) 
1800 (167)
1800 (167)
1800 (167)
1800 (167)

Number of People Served
17
13
8
4

Usable Roof Area ft2(m2)
1600 (149)
1600 (149)
1600 (167)
1600 (149)

Number of People Served
15
12
7
3

Usable Roof Area ft2(m2)
1400 (130)
1400 (130)
1400 (130)
1400 (130)

Number of People Served
14
12
6
3

Usable Roof Area ft2(m2)
1200 (111)
1200 (111)
1200 (111)
1200 (111)

Number of People Served
13
10
6
3

Usable Roof Area ft2(m2)
1000 (93)
1000 (93)
1000 (93)
1000 (93)

Number of People Served
11
9
6
3

Usable Roof Area ft2(m2)
800 (74)
800 (74)
800 (74)
800 (74)

Number of People Served
10
8
5
3

Usable Roof Area ft2(m2)
600 (56)
600 (56)
600 (56)
600 (56)

Number of People Served
8
6
5
2

Usable Roof Area ft2(m2)
400 (37)
400 (37)
400 (37)
400 (37)

Number of People Served
6
5
3
2

Usable Roof Area ft2(m2)
200 (19)
200 (19)
200 (19)
200 (19)

Number of People Served
4
3
2
1

[image: image1.wmf]0

2

4

6

8

10

12

14

16

18

200

400

600

800

1000

1200

1400

1600

1800

USEABLE ROOF SIZE (FEET SQUARED)

PEOPLE SERVED

5700

3100

1400

500

TANK SIZE

(GALLONS)


Figure 1. Rain Catchment System Design Monograph. Conservation scheme used assumes that tank use rate will be 4 gal (15.1 liters) per person per day when the tank is below ¼ full and 15 gal (56.7 liters) per person per day at all other times.

While the design monographs described earlier are a concise compact method of providing design information, it was felt that these monographs would not be understood by many of the local people who need information on RWCS sizing. To supplement the design monographs a series of tables was also produced using the data from the model runs. These tables contain the same information as the monographs but in tabular form. An example of these tables is shown in Table 2. The final design brochure will contain a set of tables for usable roof areas varying from 200 to 2000 square feet (9.3 to 185.6 square meters).

To use these tables, those designing new or renovating existing RWCS compute the usable roof area and select the appropriate table for that area. They will pick the correct size tank by choosing the intersection of the row corresponding to the number of people served and the column identifying the type of conservation scheme that will be practiced. 


Table 2. Tank sizing tables for Pohnpei Island for Usable Roof Size of 400 to 600 square feet (37.2 to 55.7 square meter) roof area.


STOP USING WATER FOR BATHING AND WASHING CLOTHES WHEN TANK IS BELOW:

PEOPLE
FULL
¾ FULL
½ FULL
¼ FULL

9
5700
5700
No
No

8
3100
5700
5700
No

7
3100
3100
5700
No

6
1400
3100
3100
5700

5
1400
1400
3100
3100

4
500
1400
1400
3100

3
500
500
500
1400

TANK SIZES SHOWN ARE IN GALLONS


Conclusions

This study has shown that it is quite possible to design RWCS that can meet the needs of the people of Pohnpei State even during the worst drought conditions. What is important is that the components of RWCS be sized appropriately for the number of people being served by the system and for the kind of conservation practices that are being applied. In field investigations that evaluated RWCS configurations (Heitz, Leroy and Khosrowpanah, Shahram, 1998) we found that in many cases the tanks sizes were more than adequate and in other cases we found that the roof catchment areas were adequate. What was lacking was coordination between tank size, roof size and people being supplied by the systems. If those building new or renovating existing RWCS use the newly developed curves and tables there should be a vast improvement in water supplies and thus an elimination of the hardships of drought that have existed for years in Pohnpei State.
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