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Abstract 
This bachelor thesis was conducted as a KTH Field Study in Nabutautau village in Fiji. The 
thesis was written in collaboration with the Secretariat of the Pacific Community (SPC) which 
helped create, execute and fund the project.  
 
The study focuses on the water security of the rural village of Nabutautau, located in the 
mountainous center of Viti Levu, the largest island of Fiji. The purpose of the project was to 
conduct a village profile of the inhabitants, their water usage, and their water distribution system, 
together with a water survey of the three water springs in use. This would then be complemented 
by a literature review regarding beneficial water investments in rural areas. By identifying what 

arding water security and infrastructure in the village, 
recommendations could be set for future improvements and investments. The main research 
questions for the study were: What is the current hydrological situation in the village of 
Nabutautau, including water usage, distribution and disposal practices? How can it be improved 
in order to increase water security in the village, and what would the anticipated impacts of these 
improvements be, in terms of sustainability? 
 
The water surveys showed no indication of unhealthy or dangerous water in the water springs as 
all of the measured parameters were within the boundaries set by WHO, however a limited 
number of parameters were tested, so no real conclusion regarding the water quality can be 
drawn. While the level of pH was above the Fiji National Drinking Water Quality Standard in 
two out of the three springs it was still not deemed a health hazard, as shown in the 
recommendations set by WHO. Upon completion of the village profile, which included data 
showing a water usage of 22 000 L/day, a conclusion could be made. Despite sufficient water 
flow to meet demands during the rainy season, previous studies have made it evident that the 
village faced imminent water scarcity risks in the dry season. This was underscored by a 
calculated consumption rate exceeding availability by 7000 liters per day. Because of the low 
water access from the springs during the dry seasons the recommendations focused on solutions 
that would increase water access during these months. Two main investments were discovered 
which would suit the village of Nabutautau. One of these was conducting a drilling for a 
borehole, using groundwater as a new water source in the village; this would not be as directly 
dependent on rainfall and could be used all year round. Another solution would be investing in a 
functioning water storage system, which would greatly benefit the village as most of the water 
flow during the rainy season is unutilized and flows through the water system. 
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Sammanfattning 
Detta kandidatexamensarbete har gjorts som en KTH Field Study i Nabutautau, Fiji. Arbetet 
gjordes i samarbete med Secretariat of the Pacific Community (SPC) som hjälpte att utforma, 
genomföra och finansiera projektet.  
 
Studien fokuserar på vattensäkerheten i den avlägsna byn Nabutautau beläget uppe i bergen i 
mitten av Fijis största ö Viti Levu. Projektets syfte var att göra en byprofil av invånarna, deras 
vattenanvändning, och vattenfördelningssystem, tillsammans med en undersökning av de tre 
använda vattenkällorna i byn. Detta skulle sedan kompletteras med en litteraturstudie av 
gynnsamma investeringar i vatteninfrastruktur på landsbygden. Genom att identifiera invånarnas 
vattenbehov samt analysera infrastrukturen i byn kunde rekommendationer ges för framtida 
förbättringar och investeringar. Forskningsfrågorna för denna studie är: Vilken är den nuvarande 
hydrologiska situationen i byn Nabutautau, detta inkluderar vattenanvändning, distribution och 
avfallshantering? Hur kan den förbättras för att öka vattensäkerheten i byn, och vilka förväntade 
effekter skulle dessa förbättringar ha med avseende på hållbarhet? 
 
Vattenundersökningarna visade inga indikationer på ohälsosamt eller farligt vatten i 
vattenkällorna, då alla mätta parametrar låg inom gränserna fastställda av WHO, dock testades 
endast ett begränsat antal parametrar, så en fullständig slutsats kring vattensäkerhet kan inte dras. 
Även om pH-nivån var högre än den nationella standarden för dricksvattenkvalitet i två av 
källorna ansågs det inte vara en hälsorisk, i enlighet med WHO:s rekommendationer. Efter att 
byprofilen var klar, som visade på en vattenanvändning på 22 000 liter per dag, drogs en slutsats. 
Trots tillräckligt vattenflöde för att möta efterfrågan under regnsäsongen visade tidigare studier 
att byn stod inför risker för vattenbrist under torrperioden. Detta förstärktes av en beräknad 
förbrukning som översteg tillgången med 7000 liter per dag. På grund av det låga vattenflödet 
från källorna under torrperioden fokuserade rekommendationerna på lösningar som skulle öka 
vattenåtkomsten under dessa månader. Två huvudsakliga investeringar identifierades som 
lämpliga för byn Nabutautau. En av dessa var att borra efter en brunn, där grundvattnet skulle 
användas som en ny vattenkälla i byn; detta skulle inte vara lika direkt beroende av nederbörd 
och skulle kunna användas året runt. En annan lösning skulle vara att investera i ett fungerande 
vattenlagringssystem, vilket skulle vara mycket fördelaktigt eftersom det mesta av vattenflödet 
under regnsäsongen inte utnyttjas och flödar genom vattensystemet. 
 
Nyckelord: Fältstudie, Byprofil, Vattenundersökning, Fiji, Nabutautau, Vattenförvaring, Borrhål 
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1. Introduction 

1.1 Background 

1.1.1 Current water situation in the Pacific Islands and Fiji 

The Pacific Islands constitute a diverse array of countries located in the Pacific Ocean. The area 
consists of multiple different island nations characterized by varying sizes and cultural 
demographics. A prevalent challenge across many of these islands is the scarcity of water 
resources, particularly regarding the absence of potable water. Access to water is a basic human 
right (UNICEF 2023a), however, in the Pacific Islands region, merely 55 percent of the 
population has access to basic drinking water, and only 30 percent have access to sanitation 
facilities (United Nations 2023). Access to basic drinking water entails availability to drinking 
water from an improved source protected from outside contamination, such as boreholes and 
protected springs, with a round-trip collection time of under 30 minutes (WHO n.d.). Lack of 
clean water can cause serious detriments to consumer health. Microbiologically contaminated 
drinking water causes over half a million deaths per year (WHO 2023), in contrast to 95 000 
deaths from natural disasters (Insurance Information Institute 2024). 
 
In Fiji, one of the largest nations in the Pacific Islands, the water infrastructure is relatively well-
developed, however there is still about 20 percent of the population which does not have access 
to basic drinking water, the majority of which live in rural areas (International Trade 
Administration 2024). Disparities between socioeconomic groups and urban-rural divides are 
evident, with research showing that the wealthiest quartile experiences water contamination rates 
more than 50 percentage points lowe
very dependent on seasonal changes, with the rainfall being 2-3 times more intense during the 
wet season than during the dry season (CCKP n.d.). 
 
Water usage in rural communities vary in previous studies and depend a lot on what facilities are 
available, one study states that the water usage in rural Fiji usually lies between 140 to 180 liters 
per capita per day (Dakers, Tanner & Jeke 2017). This includes greywater, which is water used 
in for example sinks and showers and constitutes the majority of wastewater, as well as 
blackwater, which is water originating from toilets and has fecal coliform contamination (WHO 
2006). 

1.1.2 Previous studies 

This thesis will focus on the village of Nabutautau. The main previous study which has been 
done in Nabutautau was carried out by the Secretariat of the South Pacific (SPC) in 2020. A 
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groundwater detection study was conducted using resistivity methodology (Maharaj et.al. 2023) 

resulted in a resistivity profile for the village to showcase options for boreholes and identified a 
promising borehole site. The drilling and installation of the borehole have not yet been done, 
however there are plans to carry out the drilling in the near future. Furthermore this study also 
examined the three water springs in Nabutautau which indicated their suitability for communal 

dry season. This investigation formed an integral part of the broader study Enhancing water-food 
security and climate resilience in volcanic island countries of the Pacific. This overarching 
initiative aims to increase water availability in villages similar to Nabutautau across the Pacific 
Islands.  
 

have been undertaken, with notable mention of the rock foundation on Viti Levu, the main island 
of Fiji. One of the first geological reports on Viti Levu was from 1882 which concluded the 

mapping of the island being done in 1965 (Rodda 1967). In 1991 a hydrogeological map of Viti 
Levu was done by Gale I. N. (1991) which focused on the stratigraphy of the island and its 

consist of sedimentary rocks such as sandstone and conglomerate. There is also a prevalence of 
basalt, which is a volcanic rock (Rodda 1967). While the bedrock varies around the island it 
mostly consists of sandstone, mudstone and limestone. The area around Nabutautau village 
mostly consists of a bedrock of a basalt-derived sandstone with a minor prevalence of basalt and 
limestone (Rodda 1967). 
 
Previous studies conducted in Fiji regarding the perspective of village inhabitants regarding local 
water availability have illuminated significant challenges posed by droughts. According to 
Nelson et.al. (2022), one village inhabitant recounted enduring periods of up to three weeks 
without access to water. Furthermore, findings revealed instances where villagers resorted to 
using contaminated water following rainfall due to a lack of alternate sources. More than 40 
percent of the village populace perceived their household water as dirty. It was also perceived 
that the poor quality of the drinking water was directly linked to illnesses in the village. 
Consequently, many villages are forced to resort to short-term solutions to ensure water supply 
security, however, it is imperative to identify and implement long-term solutions to mitigate the 
impacts of climate change (Pearce et.al. 2017). 

 

The Health Ministry in Fiji, in collaboration with the Water Authority of Fiji (WAF), has 
established 
inhabitants (Koroitanoa 2011). These standards complement the guidelines on water treatment 
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provided by the World Health Organization (WHO) and are designed to enhance the 
 

 
Table 1. Minimum Priority requirements for small water supplies according to the Fiji National Drinking Water 
Quality Standard (FNDWS) (SPC 2021) 

Parameter Maximum Value 

pH 6.5-8.5 

Colour 5 TCU 

Turbidity 5 NTU 

Residual Chlorine 0.2-0.5 mg/L 

Total Dissolved Solids (TDS) 500 mg/L 

Conductivity 1000 µS/cm 

Thermotolerant Coliforms 0 per 100 mL 

E. Coli 0 per 100 mL 

Total coliforms 0 per 100 mL 

1.1.4 Hydrogeology and physicochemical parameters 

As stated by William B. White (2010) spring water originates from various groundwater 
pathways, resulting in distinct chemistry and composition influenced by both the underground 
flow route and the characteristics of the aquifer rock host. Analyzing the physicochemical 
parameters of water enables comprehensive assessments of both water quality and geological 
features of aquifers and groundwater pathways (Khadka & Lal Rijal 2020). Some key factors for 
investigation include pH levels, electrical conductivity (EC), and dissolved oxygen (DO). 

1.1.4.1 pH levels in potable water 

The pH levels observed in potable water typically fall between 6.5 to 8.5. However, deviations 
from this range are not uncommon in natural water, notably in circumstances such as acid rain or 
water deposits in limestone- nes for drinking water 
quality emphasize pH levels as a critical parameter for operational water quality management, 
rather than a direct determinant of consumer health. Consequently, there are not any set health-
based guidelines values on pH levels from WHO. Nevertheless, it is recognized that pH-levels 
lower than 7 are indicative of corrosiveness, while levels exceeding 8 may compromise the 
effectiveness of chlorine-based disinfection methods (WHO 2022b). In the realm of drinking 
water in small-scale water supplies, WHO recommends maintaining a pH range of 6.5 to 8.5, 
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with optimal values contingent upon contextual factors such as geographical location and 
intended usage (WHO 2024).  
 
While measuring pH levels can be an indicator on the surrounding environment, drawing 
definitive conclusions can be challenging due to varying influencing variables. Elevated pH 
levels may signify the prevalence of limestone in the rock and soil, whereas acidic environments, 
characterized by low pH values may be indicative of the presence of sulfur-containing minerals 
such as pyrite, chalcopyrite and gypsum (SGU 2024). 

1.1.4.2 Conductivity in potable water 

Electrical conductivity (EC) is an indicator of the presence of dissolved ions and minerals in the 
water as it measures the water's ability to conduct an electric current. Among these ions are 
sodium and chloride, which can have a negative impact on the health of consumers. The 
conductivity levels in drinking water fluctuates depending on geographical location and 
purification level but often range from 100 to 1000 µS/cm in freshwater streams (Water 
Environment Federation 2022). Notably, conductivity exhibits a discernible correlation with 
salinity, as elevated conductivity levels denote increased salinity (EPA 2023a), rendering the 
water less suitable for consumption. Moreover, bodies of water typically maintain a relatively 
stable level of conductivity, which aids the detection of water pollution through measuring 
changes in EC upon regular examination. 
 
Assessing the electrical conductivity of springwater or groundwater provides valuable insight 
into the surrounding geological composition as the results can give an estimation on what kind of 
soil and rocks are in the surrounding area. If the streamway goes through granite the water tends 
to have a lower EC as granite is composed of more inert materials that do not easily ionize while 
a pathway through clay often has a higher conductivity as clay consists of materials that can 
ionize when water is washed through (EPA 2012). 

1.1.3.3 Dissolved oxygen levels in potable water 

Dissolved oxygen (DO) is a measure of oxygen levels in water and is influenced by factors such 
as temperature, surrounding environments and infrastructure. Even if dissolved oxygen is not 
mentioned as one of the parameters in FNDWS it can be an indicator of, among other things, 
levels of nitrite and sulfide, as low levels of dissolved oxygen encourages microbial reduction of 
nitrate and sulfate. High levels of dissolved oxygen on the other hand correlates to corrosion of 
metal pipes and an increase of ferrous iron in the water. There are however no health-based 
guideline values recommended from WHO regarding dissolved oxygen levels in drinking water 
(WHO 2022b). Measuring dissolved oxygen is more of a relative measurement than an absolut, 
but some guidelines say that DO levels less than 5 ppm are deemed stressful for fish while below 
3 ppm is considered too low to support fish. If the DO levels reach below 1 ppm they are 
classified as hypoxic and typically do not support life (EPA 2023b). Slow moving water, high 
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prevalence of plants such as algae and aquatic vascular plants, and a sedimentary environment 
can all be causes of low levels of DO (EPA 2024). 

1.2 Purpose 

The aim of the study is to examine the current hydrological landscape in Nabutautau and assess 
what improvements can be made to increase their water security. In addition to this the aim of 
the study is to improve both the social and ecological sustainability in the village.  
 
The research questions for the project will therefore be: What is the current hydrological 
situation in the village of Nabutautau, including water usage, distribution and disposal practices? 
How can it be improved in order to increase water security in the village, and what would the 
anticipated impacts of these improvements be, in terms of sustainability? 
 
This project will be a part of the project Enhancing water-food security and climate resilience in 
volcanic island countries of the Pacific, funded by the Global Environment Facility. Among 
other things, this project aims to increase water and food security and relieve pressure on 
overexploited aquifers, in different countries in the Pacific Ocean. Creating a village profile for 
an archetypal village will contribute to this project as it will provide a baseline scenario for 
which weak and strong spots are usually found, as well as provide a plan for improving on the 
weak spots. 
 
The results of this project will also serve as a guideline for further surveys on the island of Viti 
Levu as SPC are starting up a project of examining, analyzing and mapping other water sources 
in other parts of the island. Both the methodology, results, and discussion will therefore be of 
great importance. 

2. Method 
This study will be done as a KTH Field Study in collaboration with the organization SPC, 
Secretariat of the Pacific Community.  

2.1 Case study 

Nabutautau is a remote village situated in the heart of Viti Levu, the main island in Fiji, as shown 
in Figure 1. The inhabitants currently rely on a few small springs for their water supply. As Fiji 
is a country which is very vulnerable to climate change, and therefore the site of many natural 
disasters. Amongst others, there is a high likelihood of droughts (Tusulu, 2024). To summarize 
the water situation in Nabutautau as well as be able to recommend possible improvements to 
their current water system a case study will be done consisting of four study-points: Creating a 
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village profile, mapping out the existing water distribution system, conducting a water survey at 
each of the three water springs used in Nabutautau, and a literature study to complement the field 
work. 
 

 
Figure 1. Nabutautau (Google Maps n.d.) 

2.2 Sources 

2.2.1 Data sources 

2.2.1.1 Village profile 

A village profile of Nabutautau will be conducted where the following factors will be collected 
and later analyzed how they may affect the water distribution in the village. Demographic factors 
such as population size as well as infrastructural factors such as existing water distribution, and 
conditions of current infrastructure will be examined. 
 
This will be done both as an archival study, an observational study, and a participatory rural 
appraisal with the local inhabitants. These are all well known research methods that have been 
used in other studies when conducting village profiles (Pujari, Bhosale & Kulkarni 2017). The 
archival study will be done by reviewing government birth records and other relevant archived 
information regarding the village of Nabutautau. By using the data collected from the Fijian 
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archives and applying Equation 2 to model population growth, an estimate of today's population 

(World Bank 2021) the archival study will be complemented with an observational study and 
interviews regarding the village demographic. Through interviews with village inhabitants, a 
comparison will be conducted with the archival data to ascertain the most probable demographic 
profile. Infrastructural factors such as conditions of current systems will be found through 

infrastructure. This will mostly be done on site at the village but will be complemented using 
pictures and satellite photos from Google Earth. Both the participatory rural appraisal and the 
interviews with the inhabitants will be done on site at the village using an interpreter to avoid 
any language barrier. 

 2.2.1.2 Map out existing water distribution system 

To complement the village profile with relevant data regarding water retrieval, distribution and 
disposing a further systematic observational study will be done. The main method of this will be 
interviewing the village inhabitants as well as relevant actors, namely WAF. Interviews with 
local inhabitants will be tailored to understand their practices and experiences concerning water 
usage. Interviews with local relevant actors in Fiji will take a more generalized approach with a 
broader perspective regarding the rural water supply in Fiji. This approach aims to enhance 
understanding of how local actors contribute to water security in rural Fiji. Subsequently, the 
results from the interviews, conducted both in the village and at WAF, can be compared to assess 
their correspondence with the situation. The interview with the local stakeholder were initiated 
by contacting the organization through mail, followed by a subsequent in-person meeting to 
conduct the interview. The questions asked during the interview can be found in section 7.1 
Interview regarding the current water distribution system, which is located in the appendix. 

2.2.1.3 Water survey 

As Nabutautau relies on water sourced from three water springs located close to the village, a 
water survey will be done to test the quality as well as other factors of these springs. The factors 
which will be tested are water flow rate as well as multiple parameters indicating water quality, 
such as pH-level, electrical conductivity, and levels of dissolved oxygen. 
 
The flow rate of each water spring will be determined by using a calibrated container of five 
liters to commensurate with the anticipated flowrate of the respective spring. The volume of 
water collected will be measured as well as the time required for filling the container. This will 
be recorded using a stopwatch. This process will then be repeated multiple times to ensure the 
accuracy and reliability of the measurements. Subsequently, the flow rate will be calculated by 
dividing the volume of water by the time taken for filling, see equation 1. 
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The water quality of the three springs in Nabutautau will be tested using these parameters: pH-
level, electrical conductivity, and dissolved oxygen. This will be done using a WP-Plus+ 
instrument. The choice of the WP-Plus+ instrument is based on its proven reliability and 
precision in water quality analysis. This instrument is equipped to provide accurate and real-time 
measurements, facilitating the collection of reliable data for analysis. The accuracy of a WP-
Plus+ depends on what value is measured, pH-levels has an accuracy of ± 0.01, EC ± 0.5%, and 
DO with an accuracy of ± 0.2% (TPS n.d.). Additionally, the instruments have been calibrated in 
the correct manner, following procedure from TPS, for carrying out measurements for the 
different parameters. 
 
The received values will then be compared to the recommended values according to the 
FNDWS. These standards, showcased in Table 1, serve as a reference to evaluate the water 
quality against permissible levels. Any deviations from the recommended values will be 
carefully examined to identify potential water quality issues and inform appropriate remedial 
actions. To ensure the accuracy and reliability of the results, quality control measures will be 
implemented to the fullest extent possible during the water quality testing process. Regular 
calibration of instruments, adherence to standardized testing procedures, and validation of results 
through duplicate testing will be carried out. 

2.2.1.3.1 Calculations 

To calculate the water flow rate:  
 

           (1) 
 
Where:  
Q = discharge (L/s) 
V = volume (L) 
t = collection time (s) 
 
To calculate exponential function for population growth  

         (2) 
 
Where: 
 
p = population 
t = number of years 
a, b, c = constants which will be calculated 
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2.2.2 Literature sources 

A literature review will be conducted regarding possible infrastructural investments and 
improvements in the village of Nabutautau. This will be done by Google searches for more 
general information and KTHB Primo as well as Google Scholar for peer reviewed articles. 

 

3. Results 

3.1 Literature review 

3.1.1 Current systems in place in Fiji 

Although many rural communities face challenges with poorly managed drinking water, there is 
notable community interest in conservation efforts. A comparative study of community 
engagement in conservation efforts in Fiji and Portugal revealed a significant difference, with 

percent, despite similar environmental issues (Thaman et al. 2016). This underscores the 
communities interest for improvement, which enhances the likelihood of succeeding with 
community-based conservation efforts. Ensuring water security in a village entails not only 
enhancing the water supply and quality but also necessitates active community involvement in 
maintenance efforts. This proactive engagement is crucial as it reduces reliance on external 
assistance and enhances the efficiency and sustainability of the water system (Anand 2022). 
 
In Fiji, there are five major stakeholders that work with water security and safety. The main one 
is the Ministry of Public Works, Meteorological Services & Transport and their Department of 
Water & Sewerage. Apart from them there is also the Ministry of Rural & Maritime as well as 
the Mineral Resource Department that help rural villages with water tanks and drilling of 
boreholes. A fourth stakeholder is WAF, a state-owned enterprise, that mainly focuses on urban 
and peri-urban areas but also helps with building rural water schemes (RWS), which entails 
providing the villages with weirs, reservoirs and pipelines. Finally there are non-governmental 
organizations (NGOs) that are sponsored by big Fijian companies which enables them to support 
rural villages by investing in upgrading their infrastructure (Tusulu 2024). 
 
In Fiji, drinking water must comply with the FNDWS. The government monitors and enforces 
these rules, through authorities such as the WAF (WAF n.d.). The rules promote public health as 
well as environmental integrity, and include protocols for disaster management strategies such as 
responding to cases of water contamination or environmental disasters, as outlined in a disaster 
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recovery framework guide (UNDP 2023). Additionally, there is support provided to help 
communities reach these standards, as well as increase water security. Between 2016 and 2020, 
Fiji allocated an average annual budget of 127.9 USD per capita for Water, Sanitation, and 
Hygiene (WASH) initiatives, with significant contributions from domestic government funds and 
donor support, notably from the Asian Development Bank (UNICEF 2023b, p. 21-29). 

3.1.2 Identified problems 

One significant challenge regarding many water security initiatives is securing financing for the 
project, encompassing both financial responsibility and perceptions of how funding should be 
allocated, which can create division between funders and the community receiving assistance. 
There are often big differences in opinion between those who advocate for water security in 
different countries. This is influenced by both cultural, political and social differences, and 

important to acknowledge these differences when financing 
a solution to ensure an accommodating and effective outcome (Baker 2022). According to a 
study conducted by Regina T. Souter and colleagues at the International Water Centre at Griffith 
University in Australia, cultural and social factors play vital roles in planning water security 
solutions. They emphasize community diversity, governance, social cohesion, and culturally 
specific ways of learning as key considerations to improve the successful rate of water security 
planning (Souter et.al 2024). Numerous reports and studies have highlighted instances where 
investment in water security failed to deliver the desired outcome due to overlooked cultural 
aspects. For instance, a study in the village of Kalabu, Fiji (Naica & Ferreira 2016) revealed that 
inhabitants continued to use the nearby river for washing clothes and collecting fresh water, 
despite tap water installation in all households. A prominent factor behind this behavior stems 
from the social and cultural significance attached to integrating the river into everyday life 
practices. 

3.1.3 Ways to improve water security 

3.1.3.1 Boreholes 

Installing and drilling boreholes in rural communities is a reliable and cost-effective approach to 
bolster water security, providing simultaneous access to multiple households or even entire 
communities. A cost-benefit analysis on the drilling of boreholes conducted by Cha et.al. (2018) 
showed a significant return of investments, with one USD yielding 9.4 USD, indicating the 
economical benefits of such initiatives. However, a comprehensive site analysis is necessary 
before-hand, involving detailed measurements of factors such as resistivity, to identify optimal 
locations for borehole placement (Maharaj et.al. 2023). This analysis ensures selection of the 
most suitable and effective sites, maximizing water yield, economic efficiency, and minimizing 
environmental impact, while also ensuring geological feasibility for drilling at specific locations. 
Additionally, assessing community willingness for maintenance is vital, as it reduces reliance on 
expert knowledge. Advanced upkeep is rarely needed, however it is important that the correct 
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expertise is available in the case it is needed to prevent borehole abandonment. A study 
conducted in Rwanda revealed that less than 50 percent of the boreholes were operational, yet 
approximately 30 percent were repairable (Rwanda Water Resources Board 2022).  
 
Boreholes are also susceptible to contamination from improper waste disposal by inhabitants 
(Taonameso et.al. 2019), underscoring the importance of proper information and education in the 
community. If the borehole can be linked to the current water infrastructure, such as a pipeline 
network, it could prevent this issue. In such a scenario, the borehole can be located at a distance 
from the village and typically only requires occasional access for maintenance purposes. Being 
able to connect it to existing pipe networks also decreases collection time. Studies have also 
indicated that boreholes and piped systems are vulnerable to contamination from soil nutrients 
such as nitrates, stemming from agricultural practices (Abascal et.al. 2022). Too high nitrate 
concentrations affects the water quality and makes the water unsafe for drinking, by fostering 
bacterial growth (European Commision n.d.). 
 
Environmental impacts of borehole installation are evident, primarily during drilling, as 
highlighted by environmental impact assessments (EIAs). These assessments underscore 
potential consequences such as groundwater depletion, alterations in surface water flow, soil 
erosion, and biodiversity loss (Sumukwo & Nandwa, 2021; Obiri, Mwavali & Felix 2014). 
However, proactive measures, including comprehensive site analyses prior to drilling, will 
minimize these impacts (Maharaj et.al. 2023). 

3.1.3.2 Rainwater collection 

Rainwater collection is an economical and relatively straightforward approach to securing water 
access stability in rural areas, primarily due to the economic benefits stemming from its status as 
a freely available resource (García-Ávila et.al 2023). When collected, the rainwater can be 
filtered in order to make it suitable for drinking, or utilized for activities that do not need 
purification such as agriculture, offering both primary and a secondary solutions to alleviate 
pressure on existing water resources (SOPAC 2004). Key components of rainwater collection 
include catchment area, conveyance system and storage, as well as climate and weather 
(Lumbera, Cruz & Junio 2023).  
 
Utilizing rainwater for domestic water supply has a low running cost and environmental impact, 
as rain is a renewable resource with no surrounding environmental impacts. The water quality is 
generally satisfactory, particularly for agricultural purposes. By collecting rainwater through roof 
catchment, many potentially harmful and contaminating factors can be avoided. Rainwater 
harvesting systems typically require simple construction, which offer adaptability in terms of 
placement and surrounding conditions (SOPAC 2004). 
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The implementation of rainwater collection systems can be costly however, as the construction 
of the system may demand a considerable capital. Nonetheless, the primary constraint associated 
with rainwater collection is its reliance solely on rainfall as a water source, limiting its 
availability. This implies that water can only be collected when the demand is at its minimum. It 
also indicates a high susceptibility to droughts and air pollution. Consequently, due to the 
relatively low volume of water collected, rainwater collection is among one of the most 
expensive options per liter of water (SOPAC 2004).  
 
Depending on budget and demand, basic rainwater harvesting systems can be upgraded with new 
technologies regarding both storage and purification. One notable improvement involved solar-
powered water purification, which heats collected rainwater to 45 degrees Celsius for extended 
durations, effectively eliminating active coliforms and rendering the water more suitable for 
drinking (Patange, Nimbkar & Rajvanshi 2020).  

3.1.3.3 Water storage 

The technology of water storage plays a crucial role in safe and secure water management, 
mostly due to its ability to work as a buffer during periods of water scarcity (World Bank 2023). 
There are multiple ways to store water, including natural, man-made or hybrid methods. For 
instance, it can involve storing water in lakes, building dams or by building managed aquifer 
recharge infrastructure that accelerates the recharge of groundwater storage.  
 

storage. There the villages have been using an old technique to store surface runoff and rainwater 

groundwater, drinking purposes as well as habitat conservation. The case study did not only 
prove that the tanks had many purposes but also showed that when restoring and building new 

maximize their enabling services but also to ensure that no harm is done on other, nearby tanks. 
 
A study done in Vanuatu (Foster et.al. 2021), a small country in the South Pacific, showed that 
over 2 million people in the Pacific are dependent on rainwater collection. However, their 
storage facilities are often lacking, especially if the storaging is done municipally in villages. 
Most often, in rural areas, the tanks are either communal or privately-owned. In Fiji about 70 
percent of all storage tanks in rural areas are communal, often owned by a community-
committee. However, the study also showed that privately-owned storage tanks clearly 
outperformed in water security as they were more likely to provide a year-round sufficient water 
supply. The aforementioned study took these results to somewhat showcase that community 
owned supplies often lead to a depletion of common pool resources. 
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3.1.3.4 Improved water springs 

Applying measures in order to improve the efficiency of existing water springs offers a way to 
mitigate the cultural shift associated with increasing water security in rural communities. 
Integrating water security measures seamlessly into community life is crucial for ensuring the 
sustained maintenance of new infrastructure, such as boreholes. Enhancing springs is a way to 

However, there are inherent limitations to the effectiveness of springs, particularly related to 
natural water flow constraints. However, there are ways to improve the spring, both through the 
quality of the water as well as the understanding and knowledge of spring flow fluctuations. In 
order to improve the quality, a filter could be installed in households to improve spring water 
quality and lessen contaminants. A study conducted in Fiji, revealed that installing a water filter 
decreased the prevalence of diarrhea from 17.5 percent to 1.8 percent, when accompanied by a 
thorough informational campaign regarding how to take care of the filter as well as proper 
handwashing techniques (Tintle et.al. 2019). In addition to this, the monthly diarrhea-related 
health costs decreased by FJD 3.54 per person, and diarrhea-related water costs decreased with 
FJD 0.63 per person.  
 
For a better understanding of the flow characteristics, the installation of some sort of equipment 
to continuously measure the flow could be beneficial. For example, a v-notch weir could be 
permanently installed for continuous flow measurements, which would enhance understanding of 
long-term spring flow variations. The v-notch weir is an established method for measuring flow 
rate, and has been used in many previous experiments (El Hattab, Mijic & Vernon 2019). It is 
composed of a thin plate weir with a V cut into it and is especially effective for measuring low 
flow rates. As Fiji is very different seasonally, the water flow will vary immensely over a year. 
An analysis of how these variations occur and how they affect the water flow will facilitate the 
understanding of when the springs may be sufficient as a water supply for a community, and 

 

3.1.3.5 Decreasing water usage 

An effective way to increase water availability without investing in expensive infrastructure is by 
decreasing the water usage needed. One effective approach to decrease water usage is the 
installation of water-saving devices in households. For example, a toilet's water usage may 
decrease from devices 
such as dual-flush buttons or low flow plumbing fixtures (Ali et.al. 2020).  
 
In addition to water saving devices, an important factor in decreasing water usage is making sure 
there are no leaks in the pipe network, in order to ensure there is no unnecessary water loss. 
Leaking pipes do not only increase water consumption, they also increase risk of contamination 
in piped water (Lee & Schwab 2005). Leaks in pipes can result in significant water loss if left 
unaddressed, for example, Fiji is losing 46 percent of treated water due to leaking pipes (Kumar 
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2023). Greywater reuse is also a water saving technique which may be applicable in rural areas. 
Reusing greywater is not only a way to decrease water usage, but also possibly decreases 
contamination in nearby streams. Greywater contains nutrients such as nitrogen och phosphorus, 
which are essential for crops. Reusing greywater for irrigation will therefore decrease the need 
for fertilizer, as well as keep the nutrients out of the water sources (WHO 2006). An abundance 
of nutrients in water sources may create problems with eutrophication, decreasing the quality of 
the water (Yang et.al. 2008).   
 
As these alternatives entail minimal investment in the form of large scale infrastructure, they 
offer a cost-effective solution. However, it is important to acknowledge the limitations of these 
interventions. They may not suffice to ensure water security for an entire village. To achieve this, 
additional measures may be required.

3.2 Case study 

3.2.1 Village profile 

According to Fiji's latest Population and Housing Census done in 2017 the number of inhabitants 
in Nabutautau is 78 (Fiji Bureau of Statistics 2018). By studying earlier Population and Housing 
Censuses a clear population growth can be noted as viewed in Table 2.  
 
Table 2. Data of number of inhabitants Nabutautau (Fiji Bureau of Statistics 2018) 

 1996 Census 2007 Census 2017 Census 

Population 34 50 78 

 
Based on this data an exponential function can be calculated, as it is an estimation that best can 
simulate population growth according to Sunny B. Snider & Jacob N. Brimlow (2013). This 
calculation was done using the data from Table 2 as well as Equation 2, calculations can be 
found in Appendix 7.2 Calculating exponential population function. The calculations gave the 

following equation: , where p is the population and t is the 
number of years. Based on this equation, using the value of , the estimated population 
of Nabutautau in 2024 would be 111 inhabitants. 
 
Based on the Google Earth view, shown in Figure 2, there are 34 houses in the village, not 
counting sheds or smaller outhouses.  
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Figure 2. Nabutautau (Google Earth 2023a) 

According to Filimoni Nawawabalavu (2024), who is the Turaga-ni-Koro, also known as the 
village headman, of Nabutautau, the amount of households in the village is 34. This includes 4 
communal buildings which are not used everyday, namely two community halls, one church and 
a communal kitchen. The village headman estimated the population to be 155 inhabitants. 
 
By using the average water consumption in rural households in Fiji (Dakers, Tanner & Jeke 
2017) combined with both the results from the archival data, observations, and interviews the 
following calculations were done which gave the subsequent results. 
 
Table 3. Total need of water in Nabutautau 

 Calculations Results (total need of water per day 
(min-max)) 

Number of inhabitants 
according to the estimation 
done by data from Fiji Bureau 
of Statistics (111). 

Min:  
 
Max:  

 

Number of inhabitants 
according to Filimoni 
Nawawabalavu (155) 

Min:  
 
Max:  
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3.2.2 Existing water system 

The existing water system in Nabutautau consists of three water springs which supply water to 

appearance can be seen in Figure 3, 4, 5 and 6. All households have access to water through 
sinks, showers and flush-toilets. The community also has storage tanks, delivered in the past 
from other NGOs, designed to hold water, two 10 000 L tanks and one of 50 000 L, however 
these are not in operation. This is partly due to connection issues with the pipeline network and 

daily water consumption stored in order to have access to water if anything were to go wrong 
with the regular water supply, according to Saimoni Waibuta (2024), project implementation 
officer at SPC. Mr. Waibuta also mentioned how the tanks in Nabutautau were all brought in by 
different organizations seeking to improve the water security in the village, but due to 
miscommunications, unfinished or faulty projects, and the village lack of education, most, if not 

from the springs to households without undergoing any filtration or storage processes (Waibuta 
2024). During the study in Nabutautau many leaking taps and showers were observed, which 
may be a result of aging infrastructure, or a way to decrease risk of burst pipes.  
 
For wastewater management the community uses septic tanks. Although there are regulations 
and guidelines in place regarding septic tanks, they are not regulated well. This may result in 
improper and insufficient treatment of blackwater. Additionally, there are no established 
sanitation practices for greywater. This untreated greywater eventually flows downstream and 
reconnects with the natural water system. While Fiji lacks specific regulations on the disposal of 
greywater, direct discharge into the spring is prohibited. The water treated in the septic tank will 
ultimately return to the stream as well.  
 

 
Figure 3. Water springs in Nabutautau (Google Earth 2023b) 
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Figure 4. NaSimede spring, Nabutautau village, Fiji. 

 

 

Figure 5. Taubuto spring, Nabutautau village, Fiji. 
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Figure 6. Yavulagilagi spring, Nabutautau village, Fiji. 

 

The water distribution system in Nabutautau was similar to how Mr. Tusulu (2024), Manager 
Research Monitoring & Evaluation at WAF, described the water situation in most rural villages 
in Fiji. The main challenges identified by Mr. Tusulu included: no treated water supply, remote 
locations, an abundance of stakeholders and the investment and economy regarding water 
sources. Apart from lacking treatment infrastructure, he also identified as an issue that village 
inhabitants sometimes do not want chemically treated water, as their bodily systems are used to 
the springwater, and not to the refined water. Fijians are also very connected to their land, 
meaning they do not want to move closer to urban areas in order to increase water access. In the 
case of Nabutautau, the road up to the village was done as late as 2012, and it is situated three 
hours up in the mountains from the nearest town (Nawawabalavu 2024). Therefore there are 
issues regarding the economy, according to Mr. Tusulu, as it may not be economically beneficial 
to extend the pipe network so far. The process would cost millions, and would increase water 
access for merely 155 people, in this case.  
 
Another big issue, mentioned both by Mr. Tusulu and Mr. Waibuta, is the fact that many 
stakeholders and organizations do projects in the villages. Sometimes stakeholders are doing the 
same project, which leads to a duplication of tasks, as they have not communicated. Because of 
this, Mr. Tusulu argues it is important for there to be one central unit for all projects to go 
through. Mr. Waibuta mentioned that all these different projects have led to all units in the 
system not cooperating properly, as many stakeholders are so focussed on their own project that 
they forget to think about how it will be integrated in the systems in place in the village. In the 
case of Nabutautau, this has led to the disuse of the storage tanks, as it is not connected to the 
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main pipe network and there is not enough knowledge to operate it. The non-use of the storage 
tanks also means the village is losing water, as the flow in the springs exceeds their consumption 
during high flow. This water could be stored and saved for periods of low rainfall. There are also 
problems with sanitation, as in many villages wastewater may go right into the river, polluting 
their waterways. Mr. Waibuta says the priority in many villages is to provide water access, and 
that the evolution of sanitation will come after that. According to Mr. Tusulu, these challenges 
are similar in all villages in Fiji, as they are similar in their habits and livelihoods. 

3.2.3 Water survey 

Results from the spring surveys can be found in Table 4 and Table 5 below. 
 
Table 4. Results of spring surveys 

 NaSimede spring  Taubuto spring Yavulagilagi spring 

pH-level  8.78 8.29 8.63 

EC (µS/cm) 173.2 127 219.2 

DO (ppm) 7.6 4.46 7.57 

 
The results show that the EC levels were within the guidelines of WHO and FNDWS (maximum 
level of 1000 µS/cm). Taubuto spring was the only one with a DO level below the recommended 
value of 5 mg/L, however this value is only based on what might cause harm for fish and as 

-levels were 
slightly higher 

not impose any health implications.  
 
Table 5. Water flow results from spring surveys 

 NaSimede spring Taubuto spring Yavulagilagi spring Total 

Water flow (L/s) 0.25 0.29 0.26 0.8 

Water flow (L/day) 21 600 25 000 22 500 69 100 

 
As the total daily water flow is more than the daily water consumption, calculated to a maximum 
of 27 900 L/day, as shown in Table 3, this means there is currently enough water for the 
inhabitants to survive. 
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4. Discussion 

4.1 Interpretation of Results 

4.1.1 Interpretations of literature review 

As mentioned in the literature review there are multiple investors and stakeholders involved in 
water security in Fiji and in addition to this there are multiple ways to improve the water 
distribution systems. While this is positive, as help is needed, it may also lead to uncoordinated 
projects where multiple stakeholders invest in similar projects in the same village, wasting both 
resources and time. There is also a risk that investors prioritize their own projects over the wants 
and needs of the village inhabitants. All of this was mentioned by Mr. Tusulu as some of the 
main challenges regarding water security in Fiji, and examples of this could be seen first hand in 
Nabutautau with the unused water tanks from different NGOs. 
 
One of the most prevalent problems identified in the literature review was the culture clash that 
might appear when investing in new technologies and infrastructure in rural villages. This often 

which can result in investments not 
being put in use, as shown by the example described in section 3.1.2 Identified problems. As the 
existing water system consists of a pipe network, most of the mentioned improvements in 3.1.3 
Ways to improve water security will only build upon the existing one, rather than introducing a 
whole new system. Instead improvements that require a change in behaviors and habits, such as 
change in wastewater treatment or reducing water usage, may encounter these challenges. 

4.1.2 Interpretations of the village profile 

The village profile indicated that the water consumption in Nabutautau ranges from 15 540 L/day 
to 27 900 L/day. As the expected population differed quite a bit (111/155 people), this is quite a 
large interval. From observations in the village 155 inhabitants seems more likely, therefore the 
water consumption is expected to be at the higher end of the spectrum. Due to most homes not 
being fully equipped, missing appliances such as washing machine and dishwasher, leading 
people to use the nearby river to wash clothes, the water consumption will probably lie around 
22 000 L/day. This is calculated from the lower end of the water consumption (140 
L/day*capita), and 155 inhabitants. The total water flow measured during the water survey was 
calculated to 69 100 L/day, more than twice the maximum daily water consumption of 
Nabutautau, namely 47 100 liters more per day. However, as the storage unit is not utilized, the 
surplus 47 100 liters per day will simply not be utilized and continue downstream.  
 

coming off its rainy season (between November to April) (CCKP n.d.), this may have skewed the 
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results. In a similar study done during the dryer period, flow rates as low as 0.03-0.06 L/s were 
found in all three springs (Sinclair 2020). These low flow rates would yield a maximum of 15500 
L/day, meaning the water consumption would be about 6500 L higher than the water availability, 
causing immense problems for the village population.  

4.1.3 Interpretations of the existing water system 

By examining the existing water system in the village it was clear that the inhabitants of 
Nabutautau would benefit from investments done on their water system. Even though the 

ny secure water 
storage in the village. Because of this the water system is vulnerable to droughts and periods of 
low to no rainfall. Examining the water system also showed there was a lack of proper treatment 
of the springwater and wastewater, which aligns with what Mr. Tusulu named as one of the main 
challenges for villages all over Fiji.  

4.1.4 Interpretations of the water survey 

The results of the water survey of the three water springs, shown in Table 4, showed no real 
danger in water quality as the parameters within the guidelines of WHO. The levels of EC are of 
a standard level of a freshwater stream which indicates that neither granite nor any high levels of 
clay would be prevalent. While the pH levels were above the recommended values in FNDWS it 
is not deemed to directly lower the quality of drinking water. Instead the higher pH may decrease 
the effectiveness of chlorine-based water treatment, which is not relevant for Nabutautau as there 
is currently no water treatment in place. The general high levels of pH in the water may be 
explained by the prevalence of limestone in the bedrock, which would also correspond with the 
bedrock of Viti Levu and the area around Nabutautau (Rodda 1967). The low levels of DO may 
be explained by the high vegetation and sedimentary surroundings of the water springs. The 
lowest levels of DO were found in Taubuto spring which could be explained by the test being 
conducted from still water in the dam, while the test in the other springs were done in collected  
flowing water. 
 
While the results of the investigated parameters do give an indication of the water quality in the 
springs it will not prove the safety of the water as a drinking source as there are multiple other 
indicators of water security. In particular concerning the presence of bacteria such as E. coli and 
Thermotolerant Coliforms, since their prevalence often indicates other harmful bacteria that can 
cause dangerous health implications (Odonkor & Mahami 2020). 
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4.2 Recommendations for SPC and the village of Nabutautau 

4.2.1 Recommendations to increase water availability 

Based on the challenges identified in section 4.1 together with the results from the literature 
review, there are multiple improvements that would benefit the inhabitants of Nabutautau.  

4.2.1.1 General recommendations 

While rainwater storage may contribute to providing excess water for storage, it is dependent on 
rainfall, meaning it will not mitigate water scarcity during dry periods. Additionally, this solution 
would need further infrastructural investments outside of the existing water distribution system, 
as the rainfall storage system rarely is connected to a pipeline network. Another solution that 
could benefit the water situation in Nabutautau is decreased water usage as it would lessen the 
risk of overusing the water springs during dry periods. However, unnecessary water consumption 
is generally low in the village due to the lack of appliances such as dishwashers and washing 
machines. Greywater reuse could be a good way to decrease the need for potable water. As the 
current situation in Nabutautau entails no treatment for greywater, this is especially important, as 
the greywater currently contaminates the stream with the nutrients it contains. By reusing the 
greywater for example irrigation, the risk for eutrophication decreases.  
 
In addition to this, another way to mitigate water scarcity is to upgrade and replace the pipes in 
the village. If the water flows directly from a stream and rejoins it after the leaking pipe, this may 
not pose a concern. In fact, it could decrease the pressure in the pipes, thereby reducing the risk 
of bursting. On the other hand, if the water comes from a reservoir or stored source, leaks will 
deplete the stored water and potentially contribute to water scarcity issues. As observed in 
Nabutautau, there were many showers and taps which stood running, either as a result of bad 
infrastructure, or as a way to lessen the risks or burst pipes. In order to stop this, pipes may need 
to be partly or wholly replaced and/or upgraded. This is especially important during the dry 
season when every drop may need to be saved. However it will require investment and financing 
by for example the government or an NGO. 

4.2.1.2 Most viable recommendations 

There are options which may be more viable for Nabutautau as a community to decrease water 
scarcity and increase climate resilience. As the dry period is the main challenge for specifically 

crease water access during 
these months. An option which aligns with that is boreholes, as groundwater is not as vulnerable 
to droughts and not as dependent on consistent rainfall.  
 
As an NGO, SPC has the opportunity to give assistance to the village of Nabutautau in arranging, 



23 

ongoing project SPC are currently overseeing and financing a drilling project in Nabutautau, 
where the village will receive a borehole for pumping potable water, as well as a new storage 
tank. The purpose of this is to improve the water security, mostly du

-1 L/s (Sinclair 2020) 
which in itself could provide enough water (around 64 800 L/day) to cover the daily water 
consumption. Together with a planned storage tank of 10 000 L Nabutautau would then be able 
to secure water availability all year round and thereby lower the risk of water scarcity. While this 
project would result in huge benefits for the inhabitants of Nabutautau, it would also result in yet 
another organization adding to the village water distribution system, investing in their own stand-
alone plan instead of building onto the existing storage infrastructure, which is what Mr. Tusulu 
described as one of the standard problems in rural Fiji; NGOs and other stakeholders not 
working together and building on each other's investments.  

4.2.2 Recommendations to increase water security 

therefore a borehole will be a good investment. However, using groundwater as a reserve for 
surface water during drought is a short term solution, as there are not infinite amounts of 
groundwater and it takes a long time to recharge. Therefore it is essential that a working storage 
system is set up so that there is a water reserve for the dry period. Fiji is a country which is very 
vulnerable to climate change, and there are frequent extreme weather events such as long periods 
of heavy rain which can destroy infrastructure and contaminate water sources, or long periods 
without rainfall which may affect both spring surface water flow, as well as groundwater flows. 
Increasing the amount of water sources decreases the risks of them all being affected by natural 
disasters. As of now, there are three water sources in Nabutautau, all water springs open to the 
atmosphere making them more at risk for contamination. In the case something were to occur 
with any or multiple of the springs, the risk for water scarcity would increase. Investing in a 
working storage infrastructure helps mitigate this risk.  
 

mentioned above, their current plan is to buy and build a new storage unit instead of building 
upon any of the existing ones. SPC should instead investigate the opportunities in the current 
storage system, either repairing and connecting the old storage tanks or reusing them in the new 
plans. This will minimize the environmental impact as well as break the habit of NGOs not 
collaborating. 

4.2.2 Recommendations to increase water quality and treatment 

The water surveys conducted on the three springs indicate that the water quality poses no health 
risks. However, to enhance water treatment, a viable option could involve installing filters in all 
households, as suggested by the literature review, which demonstrated a significant positive 
impact on residents' health. Nevertheless, collaboration with villages is necessary to address 
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concerns about potential dislike for chemically treated water, as previously highlighted by Mr. 
Tusulu. Consequently, investing in improved water safety in the village of Nabutautau is not 
deemed a priority, especially considering it would not alleviate water scarcity issues during dry 
periods. 
 
Another observed issue in the village was the lack of proper treatment of wastewater. According 
to Mr. Waibuta this was not as big of a concern in the village as safe water access. Therefore 
there is a risk of not prioritizing wastewater treatment which can negatively affect both the 
environment and the quality of the drinking water. However, through extensive information 
regarding the importance of sanitation, the inhabitants may place a higher priority on wastewater 
treatment, potentially leading to the installation of necessary infrastructure.  

4.2.2 Recommendations for further studies at SPC 

SPC can use the work from Nabutautau to learn more about how to invest in other rural villages. 
By continuously studying the water usage in Nabutautau, especially after installing the new 
upgrades to the water system (borehole and water storage), SPC can get a better overview of how 
their investments benefit villages. This can later inspire new installments in other rural and 
remote villages and work as a guideline on how to implement a more safe water security.  
 
As mentioned in 1.2 Purpose, the water spring surveys will also serve as a guideline for further 
surveys on the island of Viti Levu as SPC are starting up a project of examining, analyzing and 
mapping other water sources in other parts of the island. While this survey will be able to serve 
as a guideline on how to conduct future surveys and what type of conclusions can be made from 

investigated. While pH, DO and EC can give an indication of water safety, as well as a possible 
indication on what the surrounding environment is near the water spring, they are not the most 
well-chosen parameters as their values can be influenced by many different factors.  
 
Depending on the focus of the study, different methods may be more effective. If the focus lies 
more into hydrogeology there are methods that, while taking more time and would be more 
costly, could give a better view of the topography surrounding the area. This includes drilling, 
taking soil samples and creating a drilling log, or using resistivity methodology as they did in the 
previous work in Nabutautau (Maharaj et.al. 2023) as this better shows the nearby topography. If 
the spring survey methodology is preferred, it would be more beneficial choosing springs based 
on their topographical location, more spread out from each other. This will give a better 
indication of a broad area than if they are chosen based on how they are used. It also eliminates 
the risk of springs affecting each other which is possible if they are situated within the same 
drainage basin. If the purpose of the study instead lies in working towards more safe water 
springs for potable use, focus might instead be on more health based indicators, such as the 
prevalence of coliforms in the water. In this case it would be more beneficial looking into the 
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water springs that are being used for drinking water by rural villages, as it makes them more 
interesting from a health perspective. 
 
Additionally, conducting a water survey once at each spring will not be able to showcase the 
year round value, as the prevalence of some of these indicators quickly can change due to 
surrounding factors such as weather, anthropogenic activities or changing vegetation. Drawing 
conclusions from the results would therefore be of more difficulty. 

4.3 Limitations of the study 

The main limitation of this study is the hugely differing climate in Fiji, as the situation varies 
immensely between seasons. In Fiji the wet season is normally from November to April (CCKP 
n.d.) meaning the study in Nabutautau occurred during this time. Due to the big difference in 
rainfall during different seasons, with the rainfall being 2-3 times more intense during the wet 
season (CCKP n.d.) the measurement done at the water springs in April is not representative of 
the water situation year round. It is therefore important to remember that the results and 
suggested implementations are based solely from two surveys, one from the wet season and one 
from the dry season. To ensure a better and more reliable result a year-round surveying must be 
done to account for seasonal variations throughout the year. 
 
Due to limited supplies, equipment, and timeframe during the study in Nabutautau a limitation 
was imposed to only study certain factors and indicators at the watersprings; pH-levels, 
conductivity, and levels of dissolved oxygen, with which limited conclusions could be drawn. 
Due to the timeframe of the field study, each spring could only be measured once, meaning that 
the results were constricted to that day and could therefore not be reflective of the springs year 
round. 
 
As with most in-field measurements there will always be limitations on the quality of the results, 
as the unsanitized and surrounding environment can impact the test results. It was not possible to 
ensure that the probes used when measuring pH, EC and DO were washed and cleaned properly 
between each measurement which means that the results from the later spring surveys could be 
influenced by the earlier ones, resulting in faulty measurements. In addition to this, the tests were 
done differently at each spring depending on accessibility and suitability. For example, in 
Taubuto spring, all of the water surveying was done directly in the spring water, while it was 
done in a collected water sample at the Yavulagilagi spring. Because of this it is impossible to 
ensure that all values at each spring would be calculated with the same precision at all sites. 
 
Another limitation may have been the language barrier which arose between English and Fijian. 
During the visit in the village, translation was relied upon, as many villagers preferred speaking 
their native language. However, most fijians are fluent in both languages, so no larger 
translational errors were experienced. There may also be cultural factors which were not taken 
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into consideration enough, which may cause a limitation of this study. There is a possibility that 
suggested water access improvements may not be well-received by the villagers or could disrupt 
their habits. Despite not directly addressing this concern, several village ceremonies provided 
opportunities for SPC to explain what was being done, and inhabitants to express their concerns 
and receive clarification, thereby ensuring their engagement with the current plan. 

4.4 Significance of the study 

The primary significance of this study lies in its potential to enhance the water security in the 
village of Nabutautau. Through surveys and analysis of the water springs, the study has 
contributed to a deeper comprehension of water safety, paving the way for proposed 
infrastructure enhancements aimed at improving the water security. This holds immense 
importance for the residents of Nabutautau, streamlining future planning processes and 
facilitating investments with a stronger scientific basis to support the proposed improvements. 
 
Improving and investing in the water system in Nabutautau will mainly focus on social 
sustainability as the water security is increased. By securing year-round water availability the 
inhabitants health and living standards will improve. It will also increase climate resilience in the 
village and decrease the risk of springs drying out during dry periods. This can mitigate the 
impact of climate change on local ecosystems. By diversifying water sources the community will 
also be able to adapt to climate variations and other environmental challenges. 
 
Ecological sustainability can also be improved by investing in infrastructure, but depending on 
what solution is chosen the benefits may vary. By investing in greywater reuse the environment 
will benefit from eutrophication decrease and with an upgraded water storage system you secure 
more stable water access without any harm to the surrounding environment. While the boreholes 
do help increase water security, it has one of the highest negative environmental impacts of the 
listed recommendations. This mostly during the drilling, as there is risk for habitat loss for 
ecosystems and groundwater depletion, to name a few. However, an effective way at minimizing 
this is to conduct extensive studies, beforehand regarding the most suitable sites, as well as 
conducting tests after the drilling to see how much water can sustainably be pumped out. This 
can be done by for example conducting a pump test.  
 

of its freshwater sources and ensure their judicious and equitab

more sustainable, resilient and safe water system in the village of Nabutautau. 
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In a broader point of view, there are multiple of the global sustainable development goals 
(SDGs), set by the United Nations, that align with water security and drought resilience (UNDP 
n.d.) and thereby also with this project. The primary one is SDG 6 (Clean Water and Sanitation) 
as it focuses on available and safe drinking water which will be achieved by providing the 
community with a secure and sustainable water source, ensuring water availability and 
responsible water management. Another important SDG is Sustainable Cities and Communities 
(SDG 11) as the research offers an opportunity for community development through an increased 
access to water, which will increase growth. In addition to this, SDG 3 (Good Health and Well-
being) is also connected, as the research has the potential to enhance public health through safer 
water sources compared to previously used springs, which are more vulnerable to contamination 
and droughts. 

4.5 Future work 

As mentioned in 1.2 Purpose as well as in 4.2 Recommendations for SPC and the village of 
Nabutautau this thesis is part of multiple other projects, both in Fiji and in other parts of the 
South Pacific. Therefore there are multiple ways for future work to follow up and continue the 
work in this study including further spring surveys, further development 
systems and conducting new village profiles in other countries around the Pacific. 
 
Doing a greater, more in depth, spring survey can further prove the water springs suitability as a 
potable water source and how they may be used by the inhabitants by Nabutautau. Since this 
study only studied two out of the nine parameters in FNDWS there are multiple other indicators 
to be studied. Most notable is the prevalence of coliforms in the water as it focuses more on the 
water through a microbiological viewpoint and showcases whether or not there might be any 
risks of dangerous bacteria in the water. It is only when all nine parameters of FNDWS have 
been continually studied it can be determined whether or not the drinking water is up to The 

springs related to estimating the water flow rate by installing a V-notch weir and continuously 
monitoring the water flow over the notch. By doing so a more stable and useful water flow can 
be estimated as it is not as influenced by daily differences. By monitoring the water flow over 
seasons a better viewpoint will be achieved regarding how the water flow depends on rainfall 
and droughts. 
 
In preparation of future work it will be beneficial if there is communication between the five 
main stakeholders in rural water in Fiji. Creating a central unit, which Mr. Tuvalu advised, which 
all projects must go through will effectivize the process and decrease risk of projects that do not 
work together. In addition to this, guidelines should be set up which should include that 
stakeholders must investigate if there is a feasible way to connect their eventual infrastructure to 
the existing one, and to do so in the most efficient way. This will increase simplicity in the 
system for inhabitants, as well as lessen risk of using unnecessarily much resources.  
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5. Conclusion 
The purpose of this study was to examine and analyze the current hydrological situation in the 
rural village of Nabutautau in Fiji. This included the water usage, distribution, and disposal 
practices by the inhabitants of the village. By surveying the vill
together with testing and examining the existing water springs in use, a village profile could be 
made to map out both the water usage and system in place. These showed that the current water 
supply encompasses the water consumpt
season. During the dry seasons water flows may be much lower, making the community highly 

regards to drinki
tested parameters. However, there are many other parameters that also affect the quality, so 
further testing would be needed in order to ensure the water is following all set standards by both 

 
 
By complementing the data results with a literature review about different possible water system 
improvements, a conclusion was made that the best strategy for Nabutautau would be to invest in 
methods which secure water access during dry periods, namely boreholes and storage systems. 
There is currently an ongoing plan by SPC to invest and arrange drilling, installing a pump and 
storage tank to supply Nabutautau with what is needed. This goes just according to what we 
recommend. However, it's important to highlight that SPC's engagement in the village would 
entail yet another NGO investing in a project, potentially duplicating efforts rather than building 
upon the existing water system. A way to decrease this risk which was identified was to create a 
central unit which all projects must go through, in order to increase opportunities for 
collaboration as well as promoting efficient use of resources.
 

security, improving health, and boosting climate resilience. Ecological sustainability may benefit 
from infrastructure investment, such as with greywater reuse reducing eutrophication and 
upgraded storage systems providing stable access. However, it may also be negatively affected, 
such as in the case with boreholes. Boreholes, while enhancing water security, pose 
environmental risks like habitat loss and groundwater depletion, mitigated by thorough pre-
drilling studies and post-drilling tests, such as pump tests. 
 
In summary, improving water security in Nabutautau requires a multifaceted approach that 
addresses community needs, environmental concerns, and climatic vulnerabilities. By 
implementing viable investments, fostering stakeholder collaboration, and prioritizing 
sustainability, significant progress can be made towards ensuring access to safe and reliable 
water sources for the residents of Nabutautau. 



29 

6. References 
Abascal, E., Gómez-Coma, L., Ortiz, I. & Ortiz, A. (2022) Global diagnosis of nitrate pollution 
in groundwater and review of removal technologies. Science of The Total Environment. 810: 
p.152233. https://doi.org/10.1016/j.scitotenv.2021.152233. (Accessed 2024-04-04) 
 
Ali, M., Munala, G., Muhoro, T., Shikuku, J., Nyakundi, V. & Gremley, A. (2020) Water Usage 
Patterns and Water Saving Devices in Households: A Case of Eastleigh, Nairobi. Journal of 
Water Resources Protection. 12: p.303-315. https://doi.org/10.4236/jwarp.2020.124018 
(Accessed 2024-04-08) 
 
Anand, S. (2022) Villagers Take Ownership Of Water Source, Trained To Do Maintenance. Fiji 
Sun. 30 July. https://fijisun.com.fj/2022/07/30/villagers-take-ownership-of-water-source-trained-
to-do-maintenance/ (Accessed 2024-04-08) 
 
Baker, P (2022) Critical disconnections between donor and domestic realities. Leflaive, X., 
Dominique, K. & Alearts, G. (red.) Financing Investment in Water Security 
Recent Developments and Perspectives. Elsevier publications, p.101-120 (Accessed 2024-03-29) 
 
Cha, S., Cho, Y., Kim, S. J., Lee, Y., Choi, S., Asuming, P., Kim, Y. & Jin, Y. (2018). Cost-
benefit analysis of water source improvements through borehole drilling or rehabilitation: an 
empirical study based on a cluster randomized controlled trial in the Volta Region, Ghana. 
Global Health Action. 11(1): p.1523303 https://doi.org/10.1080/16549716.2018.1523303 
(Accessed 2024-04-04) 
 
CCKP (n.d.) Fiji. https://climateknowledgeportal.worldbank.org/country/fiji/climate-data-
historical (Accessed 2024-04-07) 
 
Dakers, A., Tanner, C., Jeke, V. (2017) KoroSan Guideline #7 Greywater Management 
https://niwa.co.nz/sites/default/files/7-Greywater-170921_0.pdf (Accessed 2024-04-29) 
 
El Hattab, M., Mijic, A. & Vernon, D. (2019) Optimised Triangular Weir Design for Assessing 
the Full-Scale Performance of Green Infrastructure. Water. 11(4): p.773. 
https://doi.org/10.3390/w11040773 (Accessed 2024-04-09) 
 
EPA (2012) 5.9 Conductivity. https://archive.epa.gov/water/archive/web/html/vms59.html 
(Accessed 2024-04-10) 
 
EPA (2023a) Indicators: Conductivity. https://www.epa.gov/national-aquatic-resource-
surveys/indicators-conductivity (Accessed 2024-04-05) 



30 

 
EPA (2023b) Indicators: Dissolved Oxygen. https://www.epa.gov/national-aquatic-resource-
surveys/indicators-dissolved-oxygen (Accessed 2024-02-28) 
 
EPA (2024) Dissolved Oxygen. https://www.epa.gov/caddis/dissolved-oxygen (Accessed 2024-
05-05) 
 
European Commission (n.d.) Nitrates. 
https://environment.ec.europa.eu/topics/water/nitrates_en#:~:text=A%20high%20level%20of%2
0nitrate,for%20aquatic%20organisms%2C%20including%20fish. (Accessed 2024-04-04) 
 
Fiji Bureau of Statistics (2018) Fiji Population and Housing Census - Release 3. 
https://www.statsfiji.gov.fj/index.php/census-2017 (Accessed 2024-04-10) 
 
Nawawabalavu, F. Turaga-ni-Koro of Nabutautau Village. (2024) Interview 24th of April 
 
Foster, T., Rand, E. C., Kotra, K. K., Sami, E. & Willets, J. (2021) Contending With Water 
Shortages in the Pacific: Performance of Private Rainwater Tanks Versus Communal Rainwater 
Tanks in Rural Vanuatu. Water resources research. 57: p.e2021WR030350  https://doi-
org.focus.lib.kth.se/10.1029/2021WR030350 (Accessed 2024-04-29) 
 
Gale, I. N. (1991) Hydrogeological Map of Viti Levu. [Map] ISBN: 982-211-011-1. (Accessed 
2024-04-11) 
 
García-Ávila, F., Guanoquiza-Suárez, M., Guzmán-Galarza, J., Cabello-Torres, R & Valdiviezo-
Gonzales, L. (2023) Rainwater harvesting and storage systems for domestic supply: An overview 
of research for water scarcity management in rural areas. Results in engineering. 18: p.101153 
https://doi-org.focus.lib.kth.se/10.1016/j.rineng.2023.101153 (Accessed 2024-04-04) 
 
Google Earth 10.49.0.0 (2023a) Village of Nabutautau 17°46'27"S, 177°54'47"E, elevation: 
1819m. 3D Buildings data layer. [Online] https://earth.google.com/web/@-
17.77439678,177.91320776,435.75603226a,1336.79047899d,35y,-0h,0t,0r/data=OgMKATA 
(Accessed 2024-04-05) 
 
Google Earth 10.49.0.0 (2023b) Water springs in Nabutautau 17°46'41"S, 177°54'19"E, 
elevation: 2282m. 3D Buildings data layer. [Online] https://earth.google.com/web/@-
17.77178172,177.90675927,504.65648144a,3004.54168691d,35y,12.10028347h,53.74269522t,3
60r/data=OgMKATA (Accessed 2024-04-25) 
 



31 

Google Maps (n.d.) Village of Nabutautau. https://www.google.com/maps/place/Nabutautau/@-
17.4673279,177.6114065,8z/data=!4m6!3m5!1s0x6e19930c09b6a577:0xdb83072feba5de1a!8m
2!3d-17.7762161!4d177.9135304!16s%2Fg%2F11v5x2mx63?entry=ttu  (Accessed 2024-04-05) 
 
International Trade Administration (2024) Fiji - Water and Wastewater Treatment. 
https://www.trade.gov/country-commercial-guides/fiji-water-and-wastewater-treatment 
(Accessed 2024-02-28) 
 
Insurance Information Institute (2024) Facts + Statistics: Global catastrophes. 
https://www.iii.org/fact-statistic/facts-statistics-global-
catastrophes#:~:text=2020%20natural%20catastrophes,-
Overall%20losses%20from&text=Natural%20catastrophes%20in%202020%20caused,States%2
C%20according%20to%20Munich%20Re. (Accessed 2024-04-10) 
 
Khadka, K. & Lal Rijal, M. (2020) Hydrogeochemical assessment of spring water resources 
around Melamchi, Central Nepal. Water Practice & Technology. 15(3): 748-758. 
https://doi.org/10.2166/wpt.2020.066 (Accessed 2024-04-08) 
 

Fijivillage.com. 21 
January. https://www.fijivillage.com/news/Water-Authority-welcomes-Health-Ministrys-move-
25r9ks/ (Accessed 2024-02-28) 
 
Kumar, R. (2023). WAF losing 46% of treated water because of leaking pipes while thousands of 
people face cuts. Fijivillage. April 12. https://www.fijivillage.com/news/WAF-losing-46-of-
treated-water-because-of-leaking-pipes-while-thousands-of-people-face-cuts-x4fr58/ (Accessed 
2024-04-29) 
 
Lee, E., Schwab, K. (2005). Deficiencies in drinking water distribution systems in developing 
countries. Journal of water and health, 3 2, 109-27. https://doi.org/10.2166/wh.2005.0012 
(Accessed 2024-04-26) 
 
Lumbera, M., Cruz, M. L. & Junio, J. (2023) Issues, challenges, and strategies for the 
implementation of roof-based rainwater harvesting systems in the Philippines. AIP Conference 
Proceedings. 2785(1): p.030035 https://doi-org.focus.lib.kth.se/10.1063/5.0147972 (Accessed 
2024-04-04) 
 
Maharaj, R., Kumar, S., Rollings, N. & Antoniou, A. (2023) Groundwater Detection Using 
Resistivity at Nubutautau Village in Viti Levu in Fiji. Water. https://doi.org/10.3390/w15234156 
(Accessed 2024-02-28) 
 



32 

Naica, I. & Ferreira, C. (2016) Freshwater accessibility and challenges in rural areas of Fiji: a 
case study of Kalabu Village. GOT - Geography and Spatial Planning Journal. 1(9): p.213-236  
https://www.researchgate.net/publication/304583646_Freshwater_accessibility_and_challenges_
in_rural_areas_of_Fiji_a_case_study_of_Kalabu_Village 
 
Nelson, S.,  Thomas, J., Jenkins, A., Naivalu, K., Naivalulevu, T., Naivalulevu, V., Mailautoka 
K., Anthony, S., Ravoka, M., Jupiter, S., Mangubhai, S., Horwitz, P., Abimbola, S. & Negin, J., 
(2022) Perceptions of drinking water access and quality in rural indigenous villages in Fiji. 
Water Practice and Technology  https://doi.org/10.2166/wpt.2022.022  (Accessed 2024-02-28) 
 
Obiri, J., Mwavali, E. & Felix, K. (2014) Proposed Tabani RC primary school borehole project 
in Bubgoma county. 
https://documents1.worldbank.org/curated/ar/745951468050687014/pdf/E29050V60AFR0E00B
ox385446B00PUBLIC0.pdf (Accessed 2024-04-04) 
 
Odonkor, S. T. & Mahami T. (2020) Escherichia coli as a Tool for Disease Risk Assessment of 
Drinking Water Sources. International Journal of Microbiology. 2020: p.2534130 
doi:10.1155/2020/2534130. (Accessed 2024-04-29) 
 
Patange, S. D., Nimbkar, N. & Rajvanshi, A K. (2020) Low cost drinking water technology  
rainwater harvesting with solar purification. Current science.118(6): p.872-876 https://www-
jstor-org.focus.lib.kth.se/stable/27226380?sid=primo&seq=1 (Accessed 2024-04-04) 
 
Pearce, T., Currenti, R., Mateiwai, A. & Doran, B. (2017) Adaptation to climate change and 
freshwater resources in Vusama village, Viti Levu, Fiji. Regional Environmental Change. 
https://doi.org/10.1007/s10113-017-1222-5 (Accessed 2024-02-28) 
 
Regional Pacific NDC Hub (2020) Fiji's Updated Nationally Determined Contribution. 
https://pacificndc.org/media/99 (Accessed 2024-02-20) 
 
Rodda, P. (1967) Outline of the geology of Viti Levu, New Zealand Journal of Geology and 
Geophysics, 10:5, 1260-1273, https://doi.org/10.1080/00288306.1967.10420217 (Accessed 
2024-04-11) 
 
Pujari, S. S., Bhosale, M. M. & Kulkarni, A. A. (2017) New Vadade village profile & direct 
research for detailed study on water and waste water management. International Journal of 
Research in Engineering and Technology. 6(6): p. 123-129. 
https://ijret.org/volumes/2017v06/i06/IJRET20170606021.pdf (Accessed 2024-04-09) 
 



33 

Rwanda Water Resources Board (2022) 
resilience to drought. https://www.rwb.rw/actualites/info-details/installing-boreholes-to-
improve-rural-communities-resilience-to-drought (Accessed 2024-04-04) 
 
SGU (2024) pH. https://www.sgu.se/anvandarstod-for-geologiska-fragor/bedomningsgrunder-
for-grundvatten/grundvattnets-kvalitet--oorganiska-amnen/ph/ (Accessed 2024-04-08) 
 
Sinclair, P. (2020) Report letter on groundwater assessment of Nabutautau village. Secretariat 
Pacific Community.  
 
Snider, S. B. & Brimlow, J. N. (2013) An Introduction to Population Growth. Nature Education 
Knowledge 4(4):3. https://www.nature.com/scitable/knowledge/library/an-introduction-to-
population-growth-84225544/ (Accessed 2024-04-29) 
 
SOPAC (2004) Harvesting the Heavens Guidelines for Rainwater Harvesting in Pacific Island 
Countries. https://www.unep.org/resources/report/harvesting-heavens-guidelines-rainwater-
harvesting-pacific-island-countries (Accessed 2024-04-04) 
 
Souter, R. T. C., Ruuska, D., Pene, S., Benjamin, C., Funubo, S., Beal, C., Sanderson, R., 
Batikawai, S., Ravai, A., Antoniette-Wickham, T., Rankin, T., Peter, L., Molitambe, H., 
Theophile, G., Shrestha, S., Kotra, K., Bugoro, H., Panda, N., Deo, V. & Love, M. (2024) 
Strengthening rural community water safety planning in Pacific Island countries: evidence and 
lessons from Solomon Islands, Vanuatu, and Fiji. Journal of Water and Health. 
https://doi.org/10.2166/wh.2024.144 (Accessed 2024-03-29) 
 
SPC (2021) Ecosystem Goods Services  using Freshwater Health Index for Waimanu 
Catchment. https://www.pacific-r2r.org/sites/default/files/2022-
01/EGS_FJ_01_Ecosystem%20Goods%20Services%20%E2%80%93%20using%20Freshwater
%20Health%20Index%20for%20WAIMANU%20CATCHMENT%20high%20res.pdf 
(Accessed 2024-02-29) 
 
Sumukwo, J. & Nandwa, P. (2021) Environmental and social impact assessment summary report 
for the proposed Cheboruswo borehole water sub-project, Cheboruswo village, Koitilion sub 
location, Ewalel Soi location, Marigat Ward, Baringo south sub county, Baringo county. 
https://www.kcsap.go.ke/sites/default/files/2023-
04/Cheboruswo%20Borehole%20Water%20Sub%20project_Baringo.pdf (Accessed 2024-04-
04) 
 



34 

Taonameso, S., Mudau, L., Traoré, A., Potgieter, N. (2019) Borehole water: a potential health 
risk to rural communities in South Africa. Water Supply. 19. p.128 136. 
https://doi.org/10.2166/ws.2018.030 (Accessed 2024-04-08) 
 
Thaman, B., Icely, J., Fragaso, B., Veitayaki, J. (2016) A comparison of rural community 
perceptions and involvement in conservation between the Fiji Islands and Southwestern Portugal. 
Ocean & Coastal Management. https://doi.org/10.1016/j.ocecoaman.2016.09.007 (Accessed 
2024-03-29)  
 
Tintle, N., Heynen, A., Van De Griend, K., Ulrich, R., Ojo, M., Boven, E., Brokus, S., Wade, R. 
& Best, A. (2019) Evaluating the efficacy of point-of-use water filtration units in Fiji. Trop Med 
Health 47, 48 https://doi.org/10.1186/s41182-019-0175-4 (Accessed 2024-04-08) 
 
TPS (n.d.) Product Sheet WP-Plus+. 
https://www.instrumentchoice.com.au/attachment/download/134167/62a7e2165cbb1748376047.
pdf (Accessed 2024-02-29) 
 
Tusulu, M., Manager Research Monitoring & Evaluation at WAF (2024) Interview 29th of April 
 
UNDP (2023) Disaster recovery framework guide. 
https://www.undp.org/sites/g/files/zskgke326/files/2023-12/undp-pacific-wash-recovery-
2023.pdf (Accessed 2024-04-08) 
 
UNDP (n.d) Sustainable Development Goals. https://www.undp.org/sustainable-development-
goals?gad_source=1&gclid=Cj0KCQiAzoeuBhDqARIsAMdH14FlwWZVm1OVWD9FAyNflL
UN9vCOAmJXjKcShNfDXfuH72pJNPSWSIUaAnOyEALw_wcB (Accessed 2024-02-20) 
 
UNICEF (2023a) Drinking Water. https://data.unicef.org/topic/water-and-sanitation/drinking-
water/ (Accessed 2024-02-20) 
 
UNICEF (2023b) Financing Water, Sanitation & Hygiene in the Pacific. 
https://www.unicef.org/pacificislands/media/4066/file/Financing%20WASH%20in%20the%20P
acific.pdf (Accessed 2024-04-08) 
 
United Nations (2023) Water is Life: How the UN in Samoa is responding to the Triple 
Planetary Crisis. https://unsdg.un.org/latest/blog/water-life-how-un-samoa-responding-triple-
planetary-
crisis#:~:text=Only%2055%20percent%20of%20people,lowest%20rate%20in%20the%20world. 
(Accessed 2024-02-20) 
 



35 

WAF (n.d.) Water Quality. https://waterauthority.com.fj/awareness-safety/water-safety/ 
(Accessed 2024-04-08) 
 
Waibuta, S. Project Implementation Officer at SPC. (2024) Interview 24th of April 
 
Water Environmental Federation (2022) 
Practice. Chicago: Water Environment Federation. 
 
WHO (2006) Overview of greywater management - Health considerations. 
https://applications.emro.who.int/dsaf/dsa1203.pdf (Accessed 2024-04-29) 
 
WHO (2007) pH in Drinking-water. https://cdn.who.int/media/docs/default-source/wash-
documents/wash-chemicals/ph.pdf?sfvrsn=16b10656_4 (Accessed 2024-02-28) 
 
WHO (2022a) Progress on household drinking water, sanitation and hygiene 2000-2022: 
Special focus on gender. https://www.unwater.org/sites/default/files/2023-07/jmp-2023-wash-
households-launch-version_0.pdf (Accessed 2024-04-04) 
 
WHO (2022b) Guidelines for drinking-water quality. 
https://iris.who.int/bitstream/handle/10665/352532/9789240045064-
eng.pdf?sequence=1&isAllowed=y#page=29 (Accessed 2024-02-28) 
 
WHO (2023) Drinking-water. https://www.who.int/news-room/fact-sheets/detail/drinking-water 
(Accessed 2024-04-10) 
 
WHO (2024) Guidelines for drinking-water quality: small water supplies. 
https://iris.who.int/bitstream/handle/10665/375822/9789240088740-eng.pdf?sequence=1 
(Accessed 2024-02-28) 
 
WHO (n.d.) Improved sanitation facilities and drinking-water sources. 
https://www.who.int/data/nutrition/nlis/info/improved-sanitation-facilities-and-drinking-water-
sources (Accessed 2024-02-20) 
 
White, W. B. (2010) Chapter 6 - Springwater geochemistry, In Kresic, N. & Stevanovic, Z. 
(Eds.) Groundwater Hydrology of Springs, p. 231-268. Butterworth-Heinemann. 
https://doi.org/10.1016/B978-1-85617-502-9.00006-2.  
 
World Bank (2021) Completeness of birth certification (%) - Fiji. 
https://data.worldbank.org/indicator/SP.REG.BRTH.ZS?locations=FJ (Accessed 2024-04-05) 
 



36 

World Bank (2023) What the Future Has in Store: A New Paradigm for Water Storage. World 
Bank, Washington, DC. 
https://documents1.worldbank.org/curated/en/099454002022397507/pdf/IDU031e759b40be9504
85909796045bca5d8e378.pdf (Accessed 2024-04-28) 
 
Yang, X. E., Wu, X., Hao, H. L., & He, Z. L. (2008). Mechanisms and assessment of water 
eutrophication. Journal of Zhejiang University. Science. B, 9(3), 197 209. 
https://doi.org/10.1631/jzus.B0710626  



37 

7. Appendix 

7.1 Interview regarding the current water sources 

Table 6
its challenges and opportunities 

Questions: Answers: 
Ask for permission to write down answers, 
write name and position in both 
method/results and acknowledgements. 

Yes 

What are the common challenges faced by 
villages in Fiji regarding water retrieval and 
distribution? 

The main challenge is no treated water 
supply, Creating a master plan to provide 
treated water in rural areas is one of the main 
concern for WAF 
 
Remote locations makes it hard and fijians are 
culturally tied to land and don't want to move 
 
Different stakeholders do the same projects in 
the same village, but without communication, 
leads to duplication of tasks. Stakeholders 
needs one central unit to communicate 
through 
 
Pipelines in Fiji are 50 yrs old, making one of 
the main challenges in the entire country 
delaing with their aging infrastructure, and 
WAF are continuously repairing and 
replacing pipes to mitigate this. 
 
Rural communities currently have free water 
from their springs when they have their own 
decentralized water system. If WAF were to 
reach out to them with the main pipeline 
network they would have to pay for their 
water. As many rural villages survive on their 
own by growing their own crops for eating 
etc. this may be a big adjustment. It may also 
not be economically beneficial, as the 
pipelines needed to connect these small 
remote communities to the pipeline costs 
millions, for a few households to gain access 
to the main pipeline network.  
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In rural communities there has been resistance 
to water treatment through chemicals, as their 
bodies are not used to that, it is used to the 
untreated spring water, and not to the water 
with foreign chemicals. However WAF 
comes from a health perspective, and treated 
water is better for the health. 

How are water resources managed at a 
broader regional level, and what initiatives are 
in place to address water-related issues? 

Current water situation: 
RWS in Fiji- 58% coverage, 98% in urban, 
82% nationally 
 
11 wastewater plants, only 28% coverage 
 
Enough water, they just want to provide 
access to rural areas 
 
Stakeholders for rural water 

1. WAF- build rural water schemes 
(RWS- building weir, reservoir and 
pipelines into village), deliver water 
tanks, EPS 

2. Ministry of public works, metereolical 
services & transport- DWS, they do 
EPS, water quality test 

3. Ministry of rural & maritime- water 
tanks  

4. MRD- boreholes in rural villages 
5. NGOs- for example rotary pacific 

water for life who do RWS & 
watertanks. Sponsored by big 
companies in Fiji like Vodafone and 
Fijiwater who get reduction on their 
taxes for sponsoring them 

 
1-4 rely on government support 
 
Rural water and sanitation policy 
 
Masterplan, want rural growth etc so they 
know what to build 

Are there notable differences in water 
management practices among various 
villages, and if so, what factors contribute to 
these variations? 

Same typical challenges as the same things 
are happening such as farming, grazing 
 
Sanitation (flush, pit latrine)- pollutes 
waterways, toilet system may go right into 
river 
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How do important actors, such as WAF, 
collaborate with local communities to 
enhance water accessibility and 
sustainability? 

 Water committee 

resources, and what measures are being taken 
to address these challenges? 

Climate change is one of the main challenges. 
For example:  
Even though Suva is rainy, in March/April 
this year there was a prolonged dry spell, 
which led to there not being any water. In 
dryer parts of Fiji (to the east), it happens 
more often.  
Another problem is continuous heavy rain 
wipes out pipes, which recently also happened 
in Suva, does not happen normally.   

Can you discuss any ongoing or planned 
projects aimed at improving water security, 
especially in rural communities? 

WAF mainly focuses on urban and peri-urban 
areas 
 
They have 51 water treatment providing 
treated water 
 
In rural areas they build water systems-
Building dams and reservoirs- ecological 
purification systems EPS (filtration system 
that provides clean water) last 4-5 years, with 
the department of water and sewerage who 
specialize in rural water  

How does the Water Authority of Fiji ensure 
the sustainability and long-term maintenance 
of water systems, especially in rural areas? 

Makes sure that the community has a water 
committee which will be able to look after the 
rural water RWS, box that needs to be ticked, 
need to look after it when its been built 

What sources of funding does your 
organization primarily rely on for water 
infrastructure projects? How are these funds 
allocated for different water security 
initiatives across Fiji? 

45 million income, as Fiji's water is some of 
the cheapest in the world at 15 cents per 1000 
L. However, the maintenance of the total 
water system in Fiji is over 100 million FJD.   
 
Because of this, WAF is subsidized and gets a 
lot of their funding from the Fijian 
government, even though they are supposed 
to be non-dependent on the government and 
run on their own. They want a higher price on 
water, proper tariff prices, so that they are 
able to invest the money back into the 
infrastructure.  
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7.2 Calculating exponential population function 

Calculations were based on exponential function equation:  
 

 
Three equations were made from the three data points showcased in Table 2.  
 

(1)  
(2)  

(3)  
 
Then by taking ((1)-(2))/(1)-(3)) you get: 
 

 

 
Which, after dividing by a and solving for b gives:  
 

 
 
Using that in (1)-(2), it is possible to solve for a: 
 

   

 
which gives: 
 

 
 
Then, c can be solved for by substituting a and b for their calculated values in either (1), (2), or 
(3), here using (1). 
 

 
 
Which gives: 
 

 
 
Writing the complete exponential function, with  
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gives: 
 

 
 
By substituting t for 2024 it is possible to estimate the inhabitants in 2024 based on the expected 
exponential population growth: 
 

 
Which gives  
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