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KEY FINDINGS
Groundwater

�� �����&����������@��������&	����X���	��	�@��	�������U
������<�U=�%��Y�

�� [\]]� �	��#X���	� ����� �#�������� ������	� ���� �	��#X���	� &	����X���	� ����@��� �����������
remain valid. 

�� U�		�����������
�#���^������&���������
�	����������������^�����	��������������
�@�����	��&�^�	��
(LIF) 7 and LIF 8. When compared to 2011, there has been a slight change in salinity for LIF 9 
from 2011; slightly increased in shallower tubes (<5m) and slightly reduced in deeper tubes 
(>5m). For LIF 2 and LIF 4, salinity has increased in shallower tubes and decreased salinity has 
been noted in deeper tubes, when compared to salinities from 2011 survey. 

�� �#���^�����#��&��������������������%$�̂ �	������������	���������������@��	����������	��������	@����&�
groundwater salinity on Lifuka. 

Tonga Water Board (TWB) Production

�� �+;�"%$�̀ ����<]]x=���+;�"%$�����#�<][\=���+;z�<]\z=��	���#���#	����	���������̂ �	���X#��#�X�	��
operational at the time of the survey.

�� �+;� "%$� `���� <]]x=� ��� �^��	�����&� X���	� ��� �� 	���� ���	�{�@����
� [Y|� }�� X��#� ��� ���	�&��
conductivity rate of 5,309 μS/cm. This is a significant increase in conductivity from the 2012 
survey. Abstraction rate at this production bore should be reduced 1.0 to 1.5 L/s to reduce 
salinity and impact on the freshwater lens.

�� �+;�"%$���	�#�<]]z=�<������	�~�����������������&��?�X�	=������+;�?��&�����	�#�<][]=�<����	�
pump not working) are two TWB production bore that were not abstracting water during the 
assessment.

�� �+;�"%$�����#�<][\=���+;�?��&�����	�#�<][]=�������+;z�<]\z=�X�	�����������#����`Y�U�����������
greater than 100 counts/100ml, indicating treatment is necessary.

�� �������������`Y�U����X�	�������������@������	�@��+;��	���@��������Y

�� �������������`Y�U����X�	�������������@������	�@��+;�������������X���	���������	�^�������������
indicating that the current treatment at TWB plant seems effective and should be maintained, 
�Y�Y���{�[\\�&	�@��#��	������^���������$	���������^���U#��	����<$�U=����\Y[�@&}����@����������
with regular monitoring adopted as required.

�� ������	�&�����][|}��	���}��
��	������&	����X���	����������^�����	��+;�	�����������#����Y�

Desalination

�� �������������������<�x\}#	������X���	=�����	������&�]\�\\\}��
��^�������������^�������	������&�
at least 20 KL per day (per comms Va’akolo, TWB Engineer). 

�� ������	�&�����z��}��	���}��
�������������X���	����������^�����	��#���������������������Y

�� ���	�&���������
����&	����X���	��������	�����������������[�z�z���}�@Y

�� �#�	���	���X�������	��	�����<]\�\\\����#=���	��	�����	���&�������������X���	��	�@��#���+;�
depot to the National Emergency Management Office (NEMO) operations compound. 

�� '��
�����������������X���	�����	�^���������������~��Y�

�� +���	��������������]Y|�^��������	�]|�^��������	�@�����	�^�����������Y
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Rainwater Harvesting (RWH) survey

�� ?	��	�����U�%�����|����������#��#����#��������������	�����������	���X���	���	�����^���X���	�
need (Sinclair et al, 2013).

�� ����������x�������#��	�������	��
���������������@����@�&�Y�

�� ���	�{�@����
� |\�� ��� �#�� ��	��
��� ^������&�� ����� ��� �@�	���� ������� ^��	��� ���� @�������}
repair guttering.

�� ���	�{�@����
��\������#����	��
���#����#�������������	����	���X�����Y

�� ���	�{�@����
�x[������#����	��
���	���X���	����	�&���������	�����&�������������Y

�� "�������	��^���&�	����	����	����������&����	��&����X�����������������^��	�Y

�� ����#����@������#����	��
������������@���������#����#�����	���������̂ ������X���	���	��	�����&������
	���������������������X���	��[\��X�	������&�	���X���	������|��X�	��	��
��&�����+;�	�����������
water for drinking purposes. 

�� $����� ��� ��X� ��� 	����	��&� �+"� ���	���	����	��� ��������&� 	������ ������� ^��	��� &����	��&��
downpipes and connecting tanks.

Faleloa Village, Foa 

�� �^���� �\�� ��� �#�� ��@�&��� #����#����� ���	���&� ��� ^�� 	����	��� <	����� �	�� ��=�� ^��� �+"�
infrastructure, such as guttering, downpipe, fascia board, remains to be completed.

�� ��� �#�� ��@�� ����	� ��	��
�� 	���X���	� ������ X�	�� �@��
�� ���� ������� ��� ^�� �������� ��� �	&�����
matter.

�� $�		����@�����������	������@�&��Y

�� �������
��	�@��#����@@�����X����X���[�z�\���}�@Y

�� U�@@�����X����X���	������
����	�������\�}\[}]z��X��#�@���	��
�����#��#��������������������#��
communal reticulated water.

�� `Y�U����������������������	�X���	��	�@��#����@@�����X����<]\\�������}]\\@�=Y

�� �	���@����	����	�����	���	�^�
��#��	������^�����X��#�$�U�������������\Y[@&}Y�

�� ���������������X���	���	��	�����&��X��#�#�&#��������������������	�X���	���	��&���	�@�?��&��Y�
Households have been drinking water from Matafonua basement cistern, which has tested 
positive for E. coli.

�� $������������&���	���	������	����������������X���	Y�U������	�������������	�^����������������X���	�
from Pangai or set-up a desalination plant on Foa is required.
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1.  INTRODUCTION AND   
  BACKGROUND
1.1 Tropical Cyclone Ian
On 2 January 2014, Regional Specialised Meteorological Centre (RSMC) Nadi reported that Tropical 
�����	^�����\�$�#�����������������#������#��������$������%�����Y�'��	��#����{���#	�����
����#���
���@�
gradually developed further and slowly moved towards the southwest. Late on 5 January, the Joint 
Typhoon Warning Centre (JTWC) designated the system as Tropical Cyclone 07P, with RSMC Nadi 
naming the system Ian. Ian was classified a category 1 tropical cyclone.

The Moderate Resolution Imaging Spectroradiometer (MODIS) on the United States’ National 
Aeronautics and Space Administration’s (NASA) Aqua satellite on 9 January 2014 located Tropical 
Cyclone Ian skirting around Fiji (Figure 1) with winds of 85 knots (157 knots per hour (kph) or 98 miles 
per hour (mph)), making it the equivalent of a category 2 hurricane. This further intensified as it moved 
east and south towards Tonga.

On 11 January, Tropical Cyclone Ian struck Tonga’s Ha’apai Island group with sustained winds of 
more than 124 mph and gusts up to 180 mph. Cyclone Ian — the strongest storm to hit Tonga in 
	���	����#����	
���	�������������������#������������������	�{�@����
�[�\\\�����������]]������������
centres. Tropical Cyclone Ian damaged or destroyed an estimated 70 per cent of houses in Ha’apai 
and caused significant damage to vegetation, buildings, and infrastructure across the island group1. 
The Government of Tonga declared a state of emergency for the Ha’apai and Vava’u Island groups 
and coordinated with the Tonga Red Cross Society to assess humanitarian needs and assist affected 
populations. 

The Government of Tonga through Ministry of Lands, Environment, Climate Change and Natural 
Resources (MLECCNR) requested support from SPC for post cyclone assessment on the impacts to 
water resources and coast. SPC responded with deployment of a survey team from the Geoscience 
Division (GSD) of the Secretariat of the Pacific Community (SPC) to carry out a rapid assessment in 
collaboration and support from Government of Tonga.

The objectives of the mission were to ascertain if there were any effects on the groundwater lens from 
inundation, assess rainwater harvesting systems and assess coastal inundation. The assessments 
included:

�� %������������������#����������	�����������&	����X���	�����	���X���	��������������	��U�%��Y�

�� �	����X���	�X���	�������@���������������
��@�������	�@�����������Y

�� ������@��������#���������������	���X���	�����#@�����������@@�����X������������U�%���X��#���
Lifuka. 

�� U�����������������	@����������+;�	�����������X���	�����X���	��	���@�������������������������U�
Ian.

�� %������������������@@�������	�������������������@��������������	�����&�X���	�������U�%��Y

�� ������	��&� ��� X���	� ������
� <^����	����&����� ���� �������
=� ��� ��@@����� X����� ���� �	���������
bores.

�� ������@��������#���	���@������������+;������
���������������������+"������Y�

�� ��@����&�����������
����@�����	��&�^�	��Y�

�� ������&�����#��^��������#��^���#�����#��X����	������������������������Y

�� ������&����������������{���������#��X����	���������������Y

�� ������&�����#�	�����

GSD technical staff, each from the Oceans and Islands Programme and the Water and Sanitation 
Programme were mobilised to support the assessment.

1 U.N. Office for the Coordination of Humanitarian Affairs (OCHA).
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Figure 1 : Tropical Cyclone Ian. 
(http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=82805).

1.2 Lifuka Island
The Kingdom of Tonga is a Small 
Island Developing State (SIDS) 
located in the Central South Pacific. 
Tonga lies between 15° and 23° 
30’ South and 173° and 177° west. 
Tonga has a combined land and sea 
area of 720,000 km². There are 36 
islands which are inhabited, with an 
area of 670 km². Tonga had a total 
population of 103,036 at the Census 
of 2011. 

Lifuka is an island in the Kingdom 
of Tonga. It is located within the 
Ha’apai Group in the centre of the 
country, to northeast of the national 
capital of Nuku’alofa as shown 
in Figure 2. Lifuka Island is the 
administrative centre of the Ha’apai 
group with Pangai town being the 
administrative centre.

Most of the houses on Lifuka 
Island have individual household 
rainwater tanks, which provide 
potable water. TWB reticulated 
groundwater is often used for 

Figure 2: Map of Tonga (Source: CIA, 2014).
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other household water needs, such as bathing, washing and gardening, and is only used for drinking 
when there is limited or no rainwater. Families rely on subsistence agriculture (root crops, fruits and 
greens), fishing, pigs and some goats; there is limited production of fresh vegetables. 

This report is the output of post Tropical Cyclone Ian rapid water resources assessment carried out 
����������	�@�[x������	
�z�$�^	��	
�[\]zY��#��	���	�������	���&	����X���	�	����	���������@����
�����	�����������	@����������#�������������������
�@�����	��&�^�	������		�����{����������#�����������
the freshwater lens; operation of desalination plant, status of TWB production bores; current water 
treatment practices; and general indication on rainwater harvesting infrastructure damage. It further 
discusses the status of communal wells in Kuolo, salinity, associated infrastructure and a brief 
summary of rainwater harvesting damage observations at Faleloa, Foa.

This document provides preliminary findings on water resources submitted to the Tonga Ministry of 
Lands, Environment, Climate Change and Natural Resources. The outcome of this assessment aims 
to provide current water demand/supply scenario, TWB’s ability to respond to current demands from 
groundwater, impact, reliance and medium to long-term actions required for improving water quality 
and accessibility on Lifuka, given current conditions and TWB infrastructure. 
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2.  CLIMATE AND RAINFALL
2.1 Climate
The Kingdom of Tonga has a tropical climate dominated by south-easterly trade winds. The climate 
������&������#�	����	�����^
�������	����^��X����X���<������	=������	
��������<��
�'��=2. Rainfall 
is moderate and variable, and greatly influenced by ENSO (El Nino-Southern Oscillation), the South 
Pacific Convergence Zone (SPCZ) and tropical cyclones.

$�&�	�����^���X����������#���������������?U�������
��@�����������X�������X���������	&�������{������&�
�	�@��#��+����?�������X�	@�����������#�����X�	�����X�	���$	���#�?��
�����Y��#��	������������#��������
is associated with the low latitude easterly trade winds and the higher latitude south-easterly trade 
winds. The location of the SPCZ is affected by large scale atmospheric circulation patterns, ENSO and 
the Inter-decadal Pacific Oscillation, which may move slightly north or south of the SPCZ. 

 

Figure 3: Average position of the major climate features, including the SPCZ, November to April. The yellow arrows show 
near surface winds. The blue represents the bands of rainfall (convergence zones with relatively low pressure),and the 
red dashed oval indicates the West Pacific Warm Pool (source PCCSP Volume 1.2011).

2.2 Rainfall and Groundwater
Ha’apai group of islands receive less rainfall than in southern Tonga because of the group’s location 
^���&������	��������
��	
������������&�Y��������������#��������������#��"�*�����&	�������	�&����^����]�\��
@@���	�
��	�<]�z��[\]�=��X#�����@��	��������	�#�	��������������#�����&��@�������&��<���	�{�@����
�
2500 mm a year). The rainfall on Lifuka is variable from year to year, ranging from 826 mm (1983) to 
2664 mm (1971). The variation of monthly and annual rainfall over Tonga is attributed to the seasonal 
�	�{�@��
�����#���?U�Y��

Figure 4 illustrates rainfall at Lifuka Island from 2011 to 2014. More than average rainfall has been 
recorded during the first quarter in last two years. The dry season (May to Oct) has been receiving less 
than average rainfall during the same period. Low rainfall during the dry period coupled with damaged 
rainwater harvesting infrastructure poses a threat to collection of rainwater for Lifuka community. 
The long-term average reveals that rainfall peaks in March, with minimum in the month of June.

2 Tonga Meteorological Services.
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Figure 4: Monthly average rainfall for Lifuka and freshwater lens thickness at LIF 6. 

The yearly rainfall variation on Lifuka, based on 50-year mean rainfall shows that an average of 213 
mm of rainfall is recorded in the first quarter, 125 mm of rainfall in the second quarter, 100 mm of 
rainfall in the third quarter and 121 mm in the last quarter. There is a notable difference in the amount 
of rainfall recorded during first quarter and third quarter, indicating how variable the rainfall is in 
Lifuka over the years.

Groundwater on Lifuka Island occurs as a thin freshwater lens in unconsolidated sediments. Increased 
rainfall enhances recharge, which leads to development of thicker freshwater lens. Groundwater is 
recharged by rainfall but becomes contaminated while percolating through the soil, which is generally 
polluted with organic and human waste.

Rainwater harvesting systems are used to complement the groundwater sources, which has high 
!#�	�����*������������X��#�������	^������&����&
Y�%��@�����������	���X���	�����#���	���		������������	�
drinking, cooking, and washing purposes (Sinclair et al, 2013) with groundwater being used for most 
��#�	���	����������	�������������������	�����	�������������	��&��{��������	
���	����Y
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3.  GROUNDWATER ASSESSMENT
3.1 Monitoring Bores
The results of the monitoring of the salinity bores undertaken after Tropical Cyclone Ian have been 
compared against previously collected data available as part of the Pacific Adaptation Strategy 
Assistance Program (PASAP) project, to identify if there was any impact on the freshwater lens from 
inundation.

3.2 Bore Monitoring Methodology 
Bores with the 8 mm sampling tubes were pumped, using a “Shurflo” diapraghm-type pump powered 
by a 12V car battery. The suction side of the pump was attached to “John Guest” couplings at the 
top of each nylon monitoring tube and each tube was purged for about 5 minutes, abstracting more 
than 5 litres to ensure sampling of formation water, prior to collection. Measurements of conductivity 
and temperature was recorded with a portable WP 84 TPS meter, (calibrated each morning prior to 
fieldwork). Stable electrical conductivity (EC) readings were recorded in the data sheet. 

;�	���X��#��[�@@������@���	������X�����	�@����	�@��������̂ ������	�����������&�������^	�������������
TLC (Temp/Level/Conductivity) meter. 

3.3 Results
The salinity monitoring bores are designed with sampling tubes at different depths, to allow the 
@�����	��&� ��� �#�� �������
� ��� �	��#X���	�� �	��������� ���� ����X���	� �����Y� �#���� @����~������ �������
�
monitoring bores are important infrastructure for monitoring and management of groundwater on 
Lifuka. Scheduled monitoring of these bores and data analysis will help better manage groundwater 
resource, allowing the salinity of the groundwater to be determined directly with depth and providing 
confidence in the measurement of the freshwater lens thickness. The groundwater monitoring was 
carried out as per the method outlined in Groundwater Resources Assessment report (Sinclair et al, 
2013).

Figure 5 and Table 1 shows the location of available salinity monitoring bores on Lifuka, and sampled 
as part of this assessment.

Table 1: Location of salinity monitoring bores on Lifuka.

GPS COORDINATES

SMB NAME LOCATION SOUTH WEST

LIF 2 Hihifo Rugby Field ]��zxY�x\�� ]�z�[]Y�[���

LIF 4 West Side Pangai RF ]��zxY�|\�� ]�z�[]Y\���

LIF 6 Nth side Moa Rd ]��zxY����� ]�z�[]Y�����

LIF 73 Airport ]��z�Y��\\� ]�z�[\Y�|���

LIF 8 Hihifo Rugby Field ]��zxY���x� ]�z�[]Y�[���

LIF 9 Hihifo Rugby Field ]��zxY�xz]� ]�z�[]Y[x|�

3 LIF 7 is located in Kuolo near the airport.
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Figure 5: Map of Lifuka monitoring bores, January 2014. 
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�� ������ ��� ��{� �������
� @�����	��&� ^�	��� X�	�� ��@����� ��	��&� �#��� ������@���Y� ������	��&� ^�	���
LIF2, LIF4 are located on the edge of the freshwater lens. These bores indicated the thinning of the 
freshwater lens towards the lagoon side. 

All of the monitoring bores in Hihifo and Pangai are located within the 3 m freshwater lens thickness 
contour. Additional monitoring bores located in the thicker part of the lens would be useful to better 
understand groundwater dynamics and for management of the freshwater lens on Lifuka. 

3.4 Salinity and Water Level
While the rainfall is dominantly responsible for the recharging of the freshwater lens, the variability of 
salinity and the formation of the lens is predominantly a function of the geology, with coarser sediments 
������@�������#����&�&	����	�#
�	�����������������
�X��#�����		��������&�
�	��������^����
����!	�����*�
the water and allow the development of a usable freshwater lens over time. The finer sand and silt 
sediments with lower hydraulic conductivity are more likely to develop a thicker freshwater lens, as 
found in Hihifo and Pangai (Sinclair et al, 2013). The thick freshwater lens is thickest during wetter 
periods and is greatly reduced during dry periods. Previous monitoring indicates that the freshwater 
������#��������������	
�^
�|\�����������������	��#�	&������&	����X���	��^��	������Y��#�������X��&�
presents the monitoring results and major findings from this assessment for individual monitoring 
bores. 

3.4.1 LIF 2
�����������#��X����	����	��#�	
����"�#����	�&^
��������%$�[�#�����		����������#��������������	�{�@����
�
2 m. Reduced freshwater lens thickness is attributed to uncontrolled abstraction at TWB HIF South 
][\Y�%$�[���������������	�{�@����
�|\�@���	���	�@��#��#�&#������@�	������	��	��������#����	��#�	���
edge of the freshwater lens with significant influence from tidal impacts, resulting in an increased 
�	���������������#�������Y�

Monitoring in January 2014 suggested no significant change to pre-cyclone monitoring in October 
2012. Tube 1 (3.5 m) has a bit higher conductivity 7,200 (uS/cm), when compared to 5680 (uS/cm) in 
October 2012 (Figure 11). This could be due to the effect of recharge of salt water spray. Reduced 
conductivity was noted in deeper tubes, interpreted as an indication of recharge associated with the 
cyclone.

The Polyvinyl Chloride (PVC) 
at this monitoring bore is 
damaged (Figure 6). The 
tubes were re-labelled and 
tube depth re-measured 
during the assessment, and 
��^��������������{�[Y

Figure 6: Monitoring bore LIF 2, January 2014.
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3.4.2 LIF 4
LIF 4 is located on the western 
boundary of the Pangai rugby 
������� ���	�{�@����
� �\� @�
from the high tide mark. Like 
LIF 2, the freshwater lens 
thickness at this bore is just 
over 2 m, being located close 
to the lagoon and on the 
periphery of the freshwater 
lens where the transition 
���������������#���������	��&�
dry periods. The freshwater 
lens during wetter periods 
may be up to 2 m and during 
dry periods may not be 
present at all (Sinclair et al, 
2011). 

Figure 12 indicates lens 
thickness at LIF 4, which 
depends on recharge and 
rainfall seasonality (wet and 
dry periods). During the dry periods, salinity generally increases, the freshwater lens thins, and the 
�	���������������#�����������	�����Y���	��&�X����	���	�������#���������
�	���������#���	��#X���	������
���	������������#���	���������������#���Y������&����������#��&������#��������#��������X���	���	�������
LIF 4 post Cyclone Ian, indicating that there has been no impact on the freshwater lens at LIF 4. (It is 
����������	���	
���X����������������<��\���}�@=���	���^��]���	���^�	������������	�{�@��
�����#����&���Y�
This may indicate freshwater recharge from a leaking pipe or potentially freshwater discharge flow 
���#�������#����&���Y=��#���	��������&&�����������	�������#������������	�������������Y

The monitoring infrastructure at this bore has been well maintained since last monitoring. The tubes 
X�	��	�~��^������������^������#�	�~@����	��������	������#��������@�����������^��������������{�[Y

3.4.3 LIF 6
LIF 6 is located at Moa Road 
in Hihifo. There has been 
significant improvement 
in conductivity with depth 
when compared to the last 
few monitoring assessments 
(refer to Figure 13). Current 
freshwater lens thickness 
at this bore is just over 8 
m thick and represents 
one of the thickest parts 
of the lens in recent years. 
This monitoring bore is 
highly responsive to rainfall 
recharge, illustrated with 
reduced thickness during 
drier conditions in November 
1998 and increased thickness 
in January 2014.

Figure 7: Monitoring bore LIF 4, January 2014.

Figure 8: Monitoring bore LIF 6, January 2014.
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An increase of 2 m in the lens thickness has been recorded at LIF 6 post Tropical Cyclone Ian since 
previous monitoring in September 2011. The increased freshwater lens thickness is attributed to 
rainfall recharge during Tropical Cyclone Ian.

The tubes were re-labelled and tube depth re-measured as part of the assessment, and tabulated in 
����{�[Y

3.4.4 LIF 7
The monitoring bore LIF 7 
is located in Kuolo. Figure 
14 indicates significant 
improvement in conductivity 
with depth at this monitoring 
bore. Recent rainfall is 
most likely to have impact 
on salinity. The PVC tubes 
appeared well maintained 
and there was no visible 
damage to this monitoring 
bore. The PVC tubes were 
re-labelled and tube depth 
re-measured as part of the 
assessment, and tabulated 
�������{�[Y

 

3.4.5 LIF 8
Located along the northern 
side of Hihifo rugby field, LIF 
8 indicates similar results 
to September 2011, with a 
freshwater lens thickness of 
���	�{�@����
���@Y��#�������
has remained unchanged at 
this location. This suggests 
no significant impact on 
the freshwater lens at this 
location from Tropical 
Cyclone Ian. The slight 
increase in freshwater lens 
thickness from September 
2011 is attributed to rainfall 
recharge during the cyclone.  

The tubes were re-labelled 
and tube depth re-measured 
as part of the assessment, 
������^��������������{�[Y

Figure 9: Monitoring bore LIF 7, January 2014.

Figure 10: Monitoring bore LIF 8, January 2014.
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3.4.6 LIF 9
Located on the southern side of Hihifo rugby field and TWB groundwater abstraction gallery, LIF 9 
has the most significant difference in the freshwater lens thickness when compared with other bores 
monitored during this assessment. Whilst other bores indicate an increased thickness in response to 
rainfall recharge after cyclone, freshwater lens thickness at this bore appears to have been reduced 
^
����	�{�@����
�[\��X#�����@��	��� ��������@^�	�[\]]�@�����	��&Y��#������	�^����� ��� ���	������
abstraction at production bore TWB HIF south. The pumping rate of the recently installed diesel pump 
is not monitored, and it appears that this pump is pumping at a significantly higher rate. 

The tubes were re-labelled and tube depth re-measured as part of the assessment, and tabulated in 
����{�[Y

Figure 16 illustrates that salinity at depths greater than 4 m bgl) has significantly improved, when 
compared against September 2011 and October monitoring. During September 2011 and October 2012, 
the nearby production bore TWB HIF South was non-operational. At the time of current monitoring, a 
diesel pump was attached to the production bore. Whilst the rate of abstraction is currently unknown, 
�#���@���������#���	��#X���	�������	�@��^��	������������	����&���������X��#���@����	���[\��	���������
in measured lens thickness.

Figure 11 : Salinity profile for LIF 2.

Figure 12 : Salinity profile LIF4.
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Figure 13: Salinity profile at LIF6.

Figure 14: Salinity profile at LIF7.

Figure 15: Salinity profile at LIF8.
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3.5 Available Groundwater Resource and Lens   
  Thickness
An assessment of the available groundwater and lens thickness was undertaken to assess the impact 
��� �#�� ����� ���� ��� #���� ���������� �#�� �{������ ��� �#�� ����^��� ��	����� ��� �#�� ������^��� &	����X���	�
lens. An estimated volume of freshwater and amount of water available for abstraction will assist the 
stakeholders to make informed decisions on abstraction rates, abstraction schedules and volumes to 
be abstracted from production bores. 

The geophysics survey carried out in 2011, delineated and mapped the freshwater lens thickness (EC = 
2500μS/cm) at 3 m intervals, Figure 17. The freshwater lens thickness estimates from 2011 and 2014 
������@������	�������������#����^���^���XY�`{�������	�%$�[��%$������%$�����#�	��X��������&���������
�����	����Y�+#������#�	��X������	�{�@����
�[\��	�������������	��#X���	�������#�����������@�����	��&�
bores LIF2 and LIF9, improvement in freshwater lens thickness was recorded at LIF6 and LIF7 during 
the current assessment.

Whilst there are some variances within the freshwater lens thickness due to rainfall recharge, 
with some observed increase in lens thickness post Tropical Cyclone Ian due to rainfall, the 2011 
freshwater lens contour (Figure 17) and findings (volume of useable portion of groundwater) from 
2011 geophysical surveys  still remains valid (high confidence). 

Table 2: Comparison of freshwater lens 2011 and 2014

MONITORING BORE

FRESHWATER LENS THICKNESS (M)

2011 2014

LIF 2 3.85m 2.8

LIF 4 2.76m 2.2

LIF 6 6.3m 8.4

LIF 7 3.6m  7.0

LIF 8 6.14m 6.0

LIF 9 6.12m  4.8

Figure 16: Salinity profile at LIF9.
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Figure 17 : Freshwater lens contour (2011) at the LIF monitoring bores. 
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The September 2011 survey was undertaken at the end of a dry period. At the time of the January 
2014 assessment, it was assumed that the volume of available fresh groundwater (<2,500μS/cm) has 
improved due to rainfall recharge post Tropical Cyclone Ian. Table 3 identifies estimated available 
freshwater lens volumes, (to 2,500μS/cm), delineated from EM34 survey, at September 2011. 

Table 3: Estimated available freshwater lens volumes, to 2,500μS/cm, delineated from EM34 survey, Lifuka, Ha’apai 
September 2011

FRESHWATER CONTOUR FRESHWATER AREA 
(M2)

FRESHWATER VOLUME 
(M3)

AVAILABLE FRESHWATER 
VOLUME (M3)

3m 874,740 2,624,220 918,477

6m 111,580 669,480 234,318

9m 18,980 170,820 59,787

Total 1,005,300 3,464,520 1,212,582

Note: the specific yield used to calculate the freshwater volume available was 0.35 based on established literature (Johnson 1967) and the 
calculated specific yield in response to the observed impact on water table for monitoring bores from the rise in sea level.

It is anticipated that with damaged rainwater harvesting infrastructure post Tropical Cyclone Ian, 
�#�	��X����^��������	��������@������	�&	����X���	Y��#����@��&��	
��������<��
�'��=���������
��������
additional relaince and stress on groundwater. Increased reliance and increased abstraction impacts 
should be taken into consideration when planning medium-term relief response. Groundwater 
abstraction in coming months needs to be managed to reduce over abstraction at individual bores, 
which will impact on water quality for the community. 

3.6 Production Bores Assessment
Tonga Water Board currently has four developed sites in Pangai and Hihifo constructed for abstracting 
&	����X���	���#	���#�	��������&����	�������������������#��?��&�����	�#��"�#������	�#��<^��#������������
rugby fields) and Hihifo East, with a shallow well, is located at TWB 4. Figure 18 indicates the Tonga 
Water Board production bores and their operational status. Of the five production bores, only three 
were operating at the time of the survey. 

All the production bores sustained some damage during Tropical Cyclone Ian. This includes; damaged 
fences damaged pump housing/shelters and damaged power connections. Solar panels at Pangai 
North production bore and HIF East production were also damaged. The three-phase electrical 
connection at the electrical pump at Hihifo North production bore was damaged and is still awaiting 
connection to Tonga Power main line at the time of the assessment.

Assessment of the production bores operation at the time of the survey is discussed below. 

3.6.1 Abstraction
Abstraction data is important in groundwater resource management, and are recorded by the flow 
meters at the production bores. Of the three production bores, which were operational at the time of 
the survey, only two (TWB4 electric pump (104) and diesel pump TWB HIF East (118)) have functional 
meters from which correct abstraction data could be obtained.  

The instantaneous abstraction rates from the functioning meters for operating production bores are 
listed in Table 4.
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Figure 18 : Location and status of production bores on Lifuka.



Post Tropical Cyclone Ian Rapid Water Resources Assessment, Lifuka, Ha’apai, Kingdom of Tonga 

25TECHNICAL REPORT 202

Table 4: Abstraction data from installed meters
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Diesel pump 
TWB HIF 
EAST East 
(118)

181,000L 195,000L 203,000L 89,000L 123,000L 158,200L 2.23 2.5 zx�

TWB4 electric 
pump  (104)

37,250L 43,502L 40,464L 36,952L 32,662L 38,166L 0.47 0.5 ]]�

Diesel pump 
TWB Hihifo 
South (120)

129,000L 129,000L 129,000L 129,000L 129,000L 129,000L 1.5* na z]�

Total 347,250L 367,502L 372,464L 254,952L 284,662L 325,366L 3.77 4 100%

TWB 
Distribution

na na 316,000L 251,000L 263,000L 276,667L na na

Diesel pump TWB HIF East (118) was measured at 2.23L/second or an estimated 158KL/day with the 
pump being operated for 24 hours. This pumping rate for the production bore, whilst located in the 
thickest part of the lens has recorded higher salinity (5,309 μS/cm), Table 7. Salinity of the of the 
abstracted water from this production bore is very high, resulting in the up coning. The abstraction 
rate should be reduced as soon as possible to assist with improving the salinity of water entering the 
treatment plant. 

The pumping rate at diesel pump TWB HIF East (118) has remained same since 2011 PASAP survey. The 
non-functioning production bores at TWB Pangai North (121) and TWB Hihifo North (114) has resulted 
in the installation of diesel pump at TWB Hihifo South (120). In the absence of a functional meter at 
the recently installed diesel pump TWB Hihifo South (120) (formerly solar pump), it is assumed that 
TWB Hihifo South (120) is operating at an abstraction rate of 1.5L/s. These abstraction figures for 
diesel pump TWB Hihifo South (120) are conservative and should be treated with caution for demand 
calculation.

This, overall, indicates that 325KL/day is abstracted from the three TWB production bores at the time 
of assessment, an increase of 56KL/day from 2012 study. This increased demand for groundwater 
at the time of the assessment is partially attributed to the operation of 780L/hr desalination plant 
(producing 10KL production per day) operating at TWB depot, increasing reliance on groundwater post 
Tropical Cyclone Ian.

3.6.2 Water Demand
The island of Lifuka, including villages Pangai, Hihifo, Holopeka and Kuolo have a total population 
of 24104Y� ?���������� ��� ?��&���� "�#���� ���� ���	�{�@����
� [z�� ��� �#�� ����������� ��� "�������� ����
TWB reticulated water. Kuolo and Holopeka (who don’t have access to TWB water) use water from 
communal wells for non-potable water needs. 

4 2011 Census Data.
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Table 5 gives an overview of the current situation for groundwater demand and current supply.

Table 5 : Current groundwater production and supply

PANGAI POPULATION 1211

Hihifo Population 844

Holopeka 141

Total Population 2196

TWB  Production (L) 276,667

Desal Production (L) 10,000

2014 TWB Current groundwater/person/day 125L/person/day

2014 Desal Water /person/day 4.5 L/person/day

TWB is able to meet the current water demand on Lifuka for domestic water needs. Currently, TWB 
produces an average of 276,667 L of water per day. With a population of about 2196 reliant only on 
the TWB water, the current available water equates to about 125 L/person/day of groundwater with 
���	�{�@����
�zY|�}��	���}��
�������������X���	Y������&�������������	�������#����#�������������@�
�
have increased over the few years, and that there were more people on Lifuka during the assessment 
period, as well as assuming that the current population reliant on TWB water is 3000, this further 
equates to 92 L/person/day of groundwater and 3.3 L/person/day of desalinated water, including any 
metered consumption to business. Therefore, it would be appropriate to state that TWB is currently 
able to meet non-potable water demands for reticulated households in Lifuka.  

The table 6 below compares the current water scenario to involving TWB supplied water to that of 
2011. 

Table 6: Current water production compared against 2011 findings

2014
Available groundwater/person/day 125 L/person/day

Desal Water /person/day 4.5 L/person/day

2011 Available groundwater/person/day 92 L/person/day

2002 Pacific water demand /person/day ]\\�]|\�}���	����}���


��	��&�[\]]���	��
���#��	�����������&	����X���	�X����[�}��	���}��
���	��+;�X���	Y��#����{�������
any metered consumption from businesses, churches, guest houses and schools. This illustrates that 
TWB has increased its capacity to provide more groundwater for the population of Lifuka. There has 
been an increase of 33 L/person/day from 2011 production. The current production compares well 
against the findings by (Falkland, 2002), which revealed that water demand/consumption the Pacific is 
�	�����]\\�]|\�}��	���}��
Y

Salinity levels of the reticulated TWB water received at the tap seasonally varies in response to rainfall 
and the volumes of water abstracted from each gallery, Table 7. Salinity readings taken during a dry 
period in September 2011 indicate the relatively high salinities measured at the production wells and 
at the treatment plant.

3.6.3 Salinity
The conductivity at the top and base of the bore were recorded at each production bore during the 
assessment and are compiled and compared with 2011 and 2012 data (Table 7). Salinity readings taken 
during a dry period in September 2011 indicate relatively high salinities measured at the production 
^�	��� ���� ��� �#�� �	���@���� �����Y� �������
� 	�����&�� ������ �&���� ��� ��	�#� [\][�� ��{� @���#�� ����	��
indicate a reduction in salinity in response to rainfall received during this time. 
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The table below outlines the salinity of the production bores at the time of assessment.

Table 7: Salinity at TWB production bores

PUMP TWB PANGAI 
NORTH 

(121)

TWB HIHIFO 
NORTH
( 114)

TWB HIHIFO 
EAST 
(118)

TWB4
(104)

TWB HIHIFO 
SOUTH 
(120)

TREATMENT 
PLANT

Salinity Sept 2011 
(EC taken at bottom 
of prodn well)

3,430 μS/cm 822 μS/cm 1,758 μS/cm 2,436 μS/cm Na 2,820 μS/cm

Salinity March 2012 
(EC taken at bottom 
of prodn well)

1,583 μS/cm 669 μS/cm 1,697 μS/cm 1,257 μS/cm Na 1,565 μS/cm

Salinity January 2014 
(EC taken at bottom 
of prodn well)

3,087 μS/cm 1,366 μS/cm 5,309 μS/cm 2,164 μS/cm 1,096 μS/cm 2464μS/cm

Pumping Rate 
January 2014

Na Na 2.5 l/s 0.5 l/s Na Na

Pump Status January 
2014

Not Working Not Working Working Working Working Working

For all the production bores, salinity was higher than that recorded during March 2012. Production 
bores TWB4, TWB HIF East and TWB HIF South, have been continuously pumped 24 hours/day since 
13 January 2014, and there are no plans to schedule pumping at each production bore.

Despite being located in the thickest part of the lens, TWB HIF East (118) has the highest increase in 
salinity from March 2012. Higher salinity at TWB HIF East (118) is attributed to the up-coning of more 
saline water associated with continuous pumping at a higher abstraction rate of 2.5 L/s. 

It is very important for the TWB to consider the sustainable pumping rate for current operational 
production bores. TWB HIF East (118) production bore is pumping at a very high rate (5 times higher than 
the recommended rate of 0.5 l/s); this is unsustainable pumping and should be reduced immediately 
either by a reduced rate or reduced pumping, however, the abstraction rate at TWB Hihifo South (120) 
should be monitored. A meter should be installed at this production bore to improve management.

Whilst salinity has increased at all the production bores, the high saline water from production bore 
TWB HIF East (118) is the major contributor to increased salinity at the storage tank at TWB depot. The 
average conductivity of reticulated water from a treatment plant has significantly increased since 2012 
survey; it is however, less than what was recorded in September 2011.

3.6.4 Production Bore Status
Table 8 below provides the status of the production bores at the time of the assessment. 

Table 8: Production bore status as at 29 January 2014

DATE PRODUCTION BORE STATUS TYPE COMMENT

29/01/2014 TWB HIF EAST (118) �� +�	���&

�� '��	��������
since 13th 
January (24 hrs) 

Diesel �� ����	���������@�&����#��&#����X���
not used 

�� �^��	�������	�������[Y|�}�

�� �����������������	��#����@�

29/01/2014 TWB HIF NORTH 
(114)

Not Working post 
Tropical Cyclone Ian

Electric �� '��	��������^���	���#���
�����

�� ?�X�	�������������������@�&������
the cyclone 

�� +�����&����^���������������@���������
as soon as connected will start 
pumping

�� ��������	�~^������#����	



Post Tropical Cyclone Ian Rapid Water Resources Assessment, Lifuka, Ha’apai, Kingdom of Tonga 

28 TECHNICAL REPORT 202

DATE PRODUCTION BORE STATUS TYPE COMMENT

29/01/2014 TWB PANGAI 
NORTH (121)

Not Working Solar �� ����X�	���&�^���	���#���
������
(August 2013), pump sent for repairs

�� ����	���������@�&�����	��&��
�����

�� �����������	����������&����������@��
yet

�� $�������@�&��

29/01/2014 TWB HIF SOUTH 
(120)

�� +�	���&

�� '��	������������
13th January 
(24 hrs

Used to be 
solar, now 
diesel

�� ����	��������	����������	����	���
immediately

�� ����@^�	�]��#�[\]�������������������
pump to meet increased demand

�� ����	��������������	�	����	

�� "�����&�������������@�&��

29/01/2014 TWB4 (104) �� +�	���&

�� '��	������������
13th January 
(24 hrs)

Electric �� �^��	�������	�������\Y|�}�

�� '��	����&���������

�� �����@�&�������������

3.7 Communal Well
The villages of Kuolo and Holopeka on Lifuka rely on communal wells for domestic water need. Water 
from these wells is reticulated to the households. Groundwater from the communal wells is mostly 
used for household needs, such as washing and bathing. As part of this assessment, Kuolo communal 
well was assessed. The Holopeka well was inaccessible and could not be assessed at the time of the 
survey. Figure 19 depicts the location Kuolo communal well. 

Figure 19: Location of communal well, January 2014.
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Figure 20: Kuolo communal well

3.7.1  Kuolo Communal Well
Kuolo communal well was turned off at the time of the assessment. It has been revealed that this 
bore has been pumping intermittently during last few years. Fuel for the diesel pump is an issue and 
a reason for intermittent pumping.

Table 9: Status of Kuolo communal well.

STATUS KUOLO COMMUNAL WELL

Top Salinity (μS/cm) 1,046

Base Salinity (μS/cm) 4,526

Temperature (°C) 26.7

DTWT (m) 2.24

Total Depth (m) 3.23

E. coli (counts/100 ml) 0

Status Operational

Damage Need housing repair

 
3.8 Recommendations
The following recommendations are provided:

�� U�		
�������������������
�@�����	��&�����#���������
�@�����	��&�^�	��<��;=�����#����@���#�����	���
2014, to delineate the lens at this time.

�� ��������^��	�������	��������+;�"%$�`����<]]x=�^�	���	�@�[Y|�}�������@�{�@�@����]Y\�}�Y�

�� ������������#�������^��	����������&	����X���	��	�@����#��	���������^�	�������#���^�	����	��
abstracted sustainably and not over abstracted. 

�� ������	���;���&����	���������	���������X������������#�������^����Y

�� %���	@� ��@@�������� ��� ������ �^���� �#�� ����� ��� �	���� &	����X���	� ��� @���� ��� �����^��� ��	�
potable use. Similarly, it is important for the community to recognise that water quality will not 
improve whilst current wastewater practices remain, and while large numbers of pigs and dogs 
are allowed to roam near abstraction points.

�� �	����X���	�����&��#��	������^��������������������^��������������^���X���	����	��&������	����������
roofs.

�� %�������@���	�����#��X������������	�����@���&Y

�� ������	�����
������������
�<^���=Y

�� %��	������X���	� �	���@�������$�������������������@@�����X�����
���@���	���	�^�
��#��	����
tablets. 

Top and base salinity was measured at levels 
of 1,046 μS/cm and 4,526 μS/cm respectively. 
The Kuolo well is close to the coast, where the 
freshwater lens thins and water is more brackish, 
limiting the use of this water to washing only. 
Construction of the new header tanks has been 
completed at the end 2013, and pumping shall 
commence after minor repairs are carried out at 
the well. It has been noted that there are no water 
treatment procedures in place for this communal 
well, mainly because water from this well is only 
used for non-potable household needs. 



Post Tropical Cyclone Ian Rapid Water Resources Assessment, Lifuka, Ha’apai, Kingdom of Tonga 

30 TECHNICAL REPORT 202

4.  RAINWATER HARVESTING   
  ASSESSMENT
Rainwater harvesting for potable needs is preferred by the majority of the households on Lifuka 
(Sinclair, 2013).

4.1 Methodology
The household survey comprised of physical measurements and a household questionnaire. A field 
map of pre-selected households along transects in each village were identified as part of this survey. 
Figure 21 illustrates the household surveyed during the assessment. For mapping purposes, Global 
Positioning System (GPS) coordinates of each house were taken, along with photographs. The intention 
is to link the data collected from this survey with data sets of the 2012 household survey, using its 
unique ID and uploaded into a geographic information system for future use.

Figure 21 : Map of selected households surveyed for rainwater harvesting assessment.
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It was not possible in the time available and with available resources to undertake a complete 
assessment, instead transects were undertaken. 

A total of 44 building structures including; private houses, church, church hall, shops, government 
building and schools were surveyed for rainwater harvesting potential. The approach of transects 
�	������� �� ��@���� ��� �#�� ����������� ��� ����	@���� �#�� �{����� ��� ��@�&�� ���������� ^
�� 	���X���	�
harvesting infrastructure, conditions of houses, current drinking water sources, and to identify 
�	��	���������������	����#���������#������	��#����{���X�����@���#��X��#�	�&�	������X���	Y��#������	�&��
��	��#�����	��
�X��������]\�������#�������	�����	��&��#��[\][�#����#������	��
Y�

The following section presents the results from rainwater harvesting infrastructure transects.

4.2 Rainwater Harvesting Infrastructure 
A rainwater harvesting system consists of; catchment area (roof), conveyance system (guttering, 
��X������������������&=������	������<��	���=�����	�&��<�����	�������=����������	�^�������
���@Y��#���{�����
of damage to this infrastructure during Tropical Cyclone Ian is discussed below.

4.2.1 Roof Assessment
Roof condition is an important component in an effective rainwater harvesting system. Roof area 
����	@������#���������
����	���X���	����������Y�+��#��[�����#����#�����<[\][���	��
=�	����������	����
water as a major source of potable water, damaged roofs during Tropical Cyclone Ian need to be 
assessed and repaired at the earliest. 

The assessed buildings were four categories as follows:

�� U���&�	
�]��"������X��#�@���	���@�&�����	����<\~[|�=Y

�� U���&�	
�[��"������X��#��{����������@�&������	����<[�~|\�=Y

�� U���&�	
����"������X��#�@���	�	������@�&��<|]~�|�=Y

�� U���&�	
�z��"�������#���#����^������@������
�����	�
���<��~]\\�=Y

�� [\][� #����#���� ��	��
� 	�������� �#��� |[�� ��� ���� #������ 	����	��� ��@�� 	���� @����������Y� �#���
��@��	���X����X��#��#����		����	���X���	�#�	������&���	��
�X#�	���x�������#����	��
���#����#�����
#���� ���������� ��@�� 	���� ��@�&�� ��	��&� �#�� �
�����Y� $�&�	�� [[� ^���X� �#�X�� �#��� ���
� ]��� �	� ��
households have not sustained any damaged during tropical cyclone Ian. Almost a third of the surveyed 
building structures (or 13 buildings) had roofs completely destroyed and require immediate assistance 
to re-build (Figure 48. Apart from the roofs, rafters, fascia board and, in some cases even framing, 
need to be replaced. 

Figure 22 : Roof damage at surveyed buildings.

Roof Damage at Surveyed Buildings 

NA 

Completely destroyed

Minor Damage

Extensive Damage

Major Damage

Not Damaged
30%

11%

11%

16%

16%
16%
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Damaged or Leaking

Good 

82%

18%

The total and partial roof failures during the cyclone may be attributed to poor construction quality, 
inappropriate techniques, materials, or building constructed not as per building code. It was observed 
that buildings with good fascia boards had intact roofs, and did not sustain any roof damage, Figure 59. 
Building, as per the national building codes, should be emphasised during the reconstruction period. 

Households have started to re-build their houses from whatever materials they can acquire, however, 
�{��	���������	�����	����	�������@�	�����#��������������������������
����	���X���	�#�	������&��
���@��
at these households. 

4.2.2 Storage Assessment
'��� ��� zz� #����#����� ��	��
���� x[�� �	� �z� ��� �#�� ^������&�� #��� ��������� X���	� ���	�&�� �����Y�
��	����	�����
�]|��������	�&���X�	���������������	�����������X������Y���@�&���&����	��&����X������
or damaged fascia board have led to reduced rainfall collection. It was revealed that these tanks were 
connected before the cyclone. People have started to connect the tanks via use of folded roofing iron 
as a downpipe. 

���	�
�x[������������	��
���#����#����������X�	���������	������^�����&�������������������	��������
�
�^��	���������Y��������@�����]x��������	�&���������^��	����	����	���	����	���	��&��&��	�@�@���	����
complete replacement (Figure 23). Routine integrated gutter and tank inspections would help identify 
cracks and leaks early and provide more time and resources for maintenance and rehabilitation.

 

Figure 23: Condition of rainwater storage tanks.

4.2.3 Transmission Systems Fascia Board, Guttering and   
  Downpipe Assessment

Figure 24: Fascia board conditions. 

Replace 

None 
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25%

25%
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Figure 25: Temporary guttering and downpipes used for collecting rainwater.

Figure 26 : Guttering coverage at surveyed households.

NA

Full Guttering Coverage

Three Quarter

Half Area

Less Quarter

9%

4%

5%

57%

25%

The rainwater harvesting transmission systems transfer rainwater from catchment (roof) to the 
storage facility (tank). These include fascia boards, gutters, gutter supports, downpipes, first flush, 
piping and tank entry screens.

Fascia boards were assessed for their suitability to attach guttering to better collections of harvested 
rainwater from the roof catchments. 

$�&�	��[z������������#����������������������^��	����	�#����������#����@������#����	��
Y����	�{�@����
�
[|�����������	��
���#������#����������^��	�������������	��#���
�����Y��������@������|���������#������
require fascia board to be repaired or replaced.

The percentage of roof catchment that is captured by guttering, with respect to the total roof catchment, 
provides some indication of the efficiency of the rainwater harvesting systems.  
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The 2012 household survey (Sinclair, 2013) outlined that significant improvement in the quantity of 
	������������������������̂ ���	�������X��#����	����������	�&��̂ 
�&����	�Y�%��[\][�������������#����#�����
X�	�����������&��#��@�{�@�@��@��������	���������X#������z���������#����#�����X�	�����������&��	�@�
|\���	���������	�����	���Y�

��@���	�������&��������
������������@����	���������
�|������#����	��
���̂ ������&��#����]\\��&����	��&�
����	�&�Y���������#����	��
���̂ ������&��#����|\���	������&����	�����	�&���[|��#�������&����	��&��������
or building structures were completely destroyed (figure 26). 

Increasing the gutter coverage on houses would improve access to rainwater for most households. 
Post cyclone rehabilitation should promote increased roof guttering coverage for future water security.

Replace

None

NA

Good

Adequate

41%

25%

2%
30%

2%

Figure 27: Guttering conditions at surveyed households.

$�&�	��[��������
������&���������������� �#����	��
���#������������&�&����	�@������������	�&����	�
replacement. Following the need for maintenance of improperly fitted, missing or broken gutters, is 
the need for significant improvement of rainwater harvesting yields through increased coverage and 
properly installed guttering. 

Downpipes transfer rainwater from the roof catchment to storage tank(s). Damaged, poorly fitted or 
missing downpipes account for large losses of harvested rainwater.

$�&�	��[x������������#�����������������X��������	�#����������#����@������#����	��
Y�'��
���[���������
surveyed houses had intact downpipes and were in adequate condition to transfer harvested rainwater 
����#�����	�&�����������	��#���
�����Y��������@������[������#����	��
���^������&��	����	���@@�������
downpipe maintenance or replacement. Increased rainwater harvesting yields could be realised 
with regular maintenance, which includes realignment of gutters, re-attachment of gutters, and 
replacement of missing or broken gutters. Consideration for a support scheme for the activities would 
be of benefit. 

The reconstruction phase has the opportunity to promote and provide for increased guttering coverage, 
^����	��������^��	���������X���������@�{�@�����#��������^���	��������#@�����	�������X������@@����
�
awareness programs, outlining the importance of regular guttering maintenance to have sustainable 
and efficient rainwater harvesting systems.
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4.3 Primary and Secondary Water Sources 
In response to a disaster, water supplies are often temporarily stopped or water sources can become 
contaminated or unusable and alternative water sources are required. Available water sources on 
Lifuka include groundwater (TWB reticulated), rainwater, desalinated water and bottled water.

The current disaster has placed unwanted stress (financial and personal) on households to purchase 
^�������X���	� ��	��	�����&Y� %�� ����{������� �#�����@������	�������������X���	�X���� ���	����� �	�@��#��
��		��������<$�&�	��[���^���X=�������	��|������	��#����@��&���X�X����Y�;���������#����	��
�	��������
it is anticipated that households will have increased reliance on desalinated water in the short to 
medium term whilst rainwater harvesting systems are repaired or rebuilt. 

$�&�	�� [�� ^���X� �������� @�	�� �#��� �|�� ��� ������� X����� ���� ������������ X���	� ��	� �	�����&Y� +��#�
current production of 10 KL/day, the desalination plant is able to provide at 4 L of potable water per 
person per day.

Primary Source of Drinking Water

TWB 

Rainwater

Desal 

Bottle Water

36%

39%

5%

20%

Replace

None

NA
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44%

26%

2%

28%

Figure 28: Downpipe conditions at surveyed buildings.

Figure 29: Primary source of drinking water.
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4.4 Immediate Assistance and Concerns
It is apparent that people have struggled to rebuild their homes damaged from Tropical Cyclone Ian. 

$�&�	���\�^���X�������	������#�����������#��zz�#����#�������	��
�����|��	����	���	&������������������
	����	��	�@��������������	���X���	�#�	������&����	���	����	�Y������#���]\��	����	�������	����������
new houses and are looking for Government support to assist with construction of new homes.  

Figure 30: Immediate assistance required.

Donor partners including, Asia Development Bank (ADB) and World Bank have been in Lifuka to identify 
potential areas to assist in during rehabilitation. 

4.5 Recommendations
�� ��� �� �	��	��
�� #����#����� ��������� ����� ��	� ���������� ���� ���#������ ����������� ��� 	����	� ����

replace rainwater harvesting infrastructure (downpipes, fascia board, guttering, screening). 

�� ?	�@���������	�&���	�@�����������������&	��������+"����	���	����	�����@�{�@�����+"��#�����
be prioritised.

�� ����	�@��������������#����������	�&����������+"�X��#�������������	���������	���������^�������
efficient use of RWH.

Immediate Assistance Required

NA

0% 10% 20% 30% 40% 50% 60% 70% 80%

No External Support

Construct New House

House and RWH Infrastructure Maintenance
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5.  DESALINATION PLANT   
  OPERATION AND PRODUCTION
Where the quality of water has been degraded (by high salinity and/or polluted water), and where there 
is insufficient roof catchments available for rainwater collection and storage, desalination has become 
an important alternative to provide a safe water supply.

The Tonga Water Board (TWB) mobilised a 780 L/hr desalination plant (Figure 31 below) from 
Tongatapu to Lifuka on 22 January 2014. This was part of a relief effort to supplement production of 
potable water after roof damages sustained during the cyclone, and reduced ability for households to 
harvest rainwater. The desalination plant was initially set-up at Pangai wharf and started production 
using seawater. It was later agreed by the TWB to move the plant to TWB depot in Hihifo and use 
groundwater for production. 

Groundwater can provide domestic water needs for bathing, washing, cleaning, and gardening and, 
with carefully managed abstraction, salinity is reduced and can provide backstop for potable water 
needs, including cooking and drinking for limited periods. There will be preference for low salinity 
water for drinking and cooking, requiring continued production of desalinated water in the short to 
medium term, while rainwater harvesting systems are replaced. 

Figure 31 : 780 L/hr desalination plant at TWB depot.

The desalination plant is operated and maintained by TWB. NEMO provides 100 L of diesel fuel for the 
generator per day. It was unclear during the assessment stage as to how long the desalination plant 
will be in operation. However, it would be appropriate to have the plant in operation until households 
have repaired roofs and associated rainwater harvesting infrastructure, and are capable of harvesting 
rainwater for basic potable needs. 

With current production of 10,000 L per day, the desalination plant is available to provide at least 4 L 
of potable water for the total population of Lifuka (2011 census estimates). The desalination plant is 
capable of producing 20,000 L per day, should there be increased demand (from other villages or outer 
islands) for desalinated water for potable use. 
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Currently, two 10,000 L Rotomould tanks are used to store desalinated water (Figure 32 above). These 
tanks are filled by two tanker trucks (10,000 L). One tanker is in poor condition, and was observed to 
have a rusted tank. The rusted tank was not used for distribution (Akapei, pers comms), and would only 
be used if the tank is thoroughly cleaned out. 

Figure 32: Desalinated water storage tanks.

Figure 33: Rusted tanker tank and desalinated water from the tanker.

The desalinated water from the rusted tanker was brown in colour, Figure 33 above, affecting the 
taste of the water. The water from the tanker truck and distribution tanks were sampled and tested 
for E. coli, using EC compact plate method at 1 ml sampling. At 1 ml sampling, there was no E. coli 
detected in the desalinated water. As discussed earlier, additional sampling at 50 ml sampling should 
be considered.

There is no distribution schedule for desalinated water. Tanks are stationed at the NEMO compound, 
������������	�������������	��X���	��	�@��#�	������#��	��X���{�����Y�����	�^�������������������#������&��
would easier for the population to access desalinated water.
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Table 10 summarises desalination plant operations since arrival on Lifuka.

Table 10: Desalination Plant operations 22/01 to 03/02/2014

DATE PRODUCTION COMMENT

22/01/2014 ���������<z|�@���������[|\�= �� �		�������������

�� �������X���	�<|\�\\\���}�@=

23/01/2014 No Production �� ?�������	�������

24/01/2014 4,000 L (10 hrs.)) �� ���	�����	������������|�@

�� �������X���	

25/01/2014 20,000 L (10 hrs.) �� �������������������	�������������+;������Y

�� �����	������X���	��	�@��	���@������������	�������������

�� ���	�&�������������
�[�z�z���}�@���	�X���	��������	�
desalination

26/01/2014 No Production �� ?�������	�������

27/01/2014 to 
01/02/2014

10,000 L/day �� ����&	����X���	��	�@��	���@���������]�<������&�	����=����	�
desalination

�� �+;�U`'���	�����������	������]\�\\\�}��
�������@��^�����#��
saline waste water from desalination plant, back into the tank

�� �����	������������������[x}\]}[\]z��	�����

02/02/2014 No Production �� ?�������	�������

03/02/2014 10,000 L/day �� ���������	�@��`�'�<���������`@�	&���
�@���&�@����'�����=�
to produce at least 20,000 L/day and distribute desalinated 
water to schools and hospital

5.1 Recommendations 
�� %@�	�����	�����������������	�^���������������������X���	Y

�� ?	������ [\� �� ��	� ��
�� ���� ��	�� ������������ X���	� ��� ��#������ #��������� ������ ����	������� ���
found.

�� '��	����������������������<�=�X#�����	����	�����	���X���	�#�	������&��	����		�������Y

�� ?	�������[\��&����������#����#�������������X���	�<�����������������	�^�����������=Y

�� `���^���#� X���	� ����	�^������ ������� ��� ���#� �����&��� ]\�\\\� � ����@����� ����� ��� ������������
water carted to these distribution tanks with usage monitored. 
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6.  WATER QUALITY
+���	�������
�����
����X�������������	�`U���@�����������@��#��Y��?������	���	��������{�|���	��#��`U�
compact plate method. 

6.1 Groundwater
6.1.1 Water Quality Sampling Results - Production Bores
Water from production bores were sampled for E. coli and total coliform, using EC compact plate 
method. E. coli is found in the lower intestine of warm-blooded organisms. E. coli bacteria are used 
as an indicator for faecal contamination and coliform is an indicator for the presence of pathogens in 
water.

The results indicate the presence of E. coli at production bore TWB4 (104) (100 counts/100 ml), TWB 
Hihifo South (120) (400 counts/100 ml) and TWB Pangai North (121) (500 counts/100 ml).

Figure 34: E. coli (Blue dots) at sample production bores.

Groundwater contamination on Lifuka has been identified in previous investigations, (Crennan 2001) 
and (Sinclair et al, 2013). The high concentration of pit latrines, poorly-constructed septic tanks, and 
roaming animals lead to high risk of groundwater faecal contamination. With the sanitation system 
damaged during the cyclone, groundwater stands a higher risk of contamination. It is very important 
to plan proper sanitation facilities during the reconstruction period.

6.1.2 Water Quality Sampling Communal Wells
The water from the well was sampled for E. coli as per EC compact plate procedure. 1 ml sample was 
incubated for 24 hours to quantify E. coli. Results reveal no E. coli present at 1 ml sampling. It would 
be important to do sampling for this well at 10 ml and 50 ml, to better quantify E. coli levels. 
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E.coli (100 counts/1ml)

Figure 35: E. coli Assessment at Kuolo communal well (left) newly constructed header tank (right).

6.2 Rainwater
6.2.1 Water Quality (Tank Water)
Tanks which still had rainwater were assessed for E. coli. A total of 14 tanks were sampled for E. coli. 
$�&�	���������������[]������#����������#���`Y�������������&	����	�]\\������}]�@������#����@���Y��#��
	�@�����&���������#�����������������X�	�����@����������	��	�����&��#�X���	��X��#���	&���@���������
organic matter in the tank, it is anticipated that this water may soon be unsafe for drinking

E. Coli at Sampled Tanks 

Not Present

79%

21%

Figure 36: Percentage of rainwater tanks with E. coli.

Water contaminated by E. coli should be treated before ingesting. It is highly recommended to boil 
tank water before drinking. To maintain a better quality of water in the tank, it is further recommended 
to clean tanks to get rid of accumulated sediments and sludge in the tank. Accumulated sludge and 
sediments can harbour micro-organisms, which affect taste of water and have unpleasant odours. It 
is also recommended to keep the roof clear of overhanging vegetation. 
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6.3 Tonga Water Board and Desalination Plant
To determine water quality at the treatment plant, E. coli and total coliform were quantified at the 
treatment plant and storage tanks. 1 ml samples were taken and placed on the EC plate. This was 
����^����� ��� ���U� ��	� [z� #��	�Y� �#�� ��������� X�	�� �������� ���� ^���� ��������� X�	�� ����	�	����� ���
E. coli, whilst blue and purple colonies represented total coliform. Results are tabulated in table 11 
below. 

No E. coli was found from anaylsis at the TWB treatment plant or the desalinated water distribution 
tank. These results, however, may be false negatives as sampling was done at 1 ml samples only. For 
high confidence in results, it is recommended that sampling be undertaken at 50 ml or 100 ml, using 
the same method. MLECCNR has been provided with EC compact plates and methodology. It would be 
���	��	�����������X���	�������
�����
������	��&���{����#�������@�����	��&Y

Table 11: TWB water quality sampling results Jan 2014

SAMPLE # TANK/WELL OWNER 1 ML E. COII COUNT 1 ML TOTAL COLIFORM 
COUNT

TWB 2 (30/01/13) TWB TANK 2 0 0

DESAL TANK (30/01/13) Desal Distribution Tank 0 0

TWB 3 (01/02/13) Tank 0 0

TWB Tank 1 (03/02/13) Tank 0 0

DESAL TANK (03/02/13) Tank 0 5

Figure 37 below illustrates results from 1 ml sampling at TWB tank #1 (TWB A) and TWB tank #2 (TWB 
B). No E. coli or total coliform colonies are recorded.  

Figure 37: EC compact E. coli test for sample from TWB treatment tank.
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6.4 Recommendation
�� U������� ��@����&� ���� ����
���� ��� ^����	� �������
� `Y� ����� ��� �+;� "%$� ��	�#� <]]z=�� �+;� "%$�

East (118), and TWB treatment plant (Tank #1) and desalination distribution tank, overtime, is 
undertaken on a quarterly basis.

�� %�����	���@@�������#�����@@�����������������̂ ������	@����^�����#�����������	����&	����X���	�
to make it suitable for potable use. Similarly, it is important for the community to recognise that 
water quality will not improve whilst current wastewater practices remain, and while large 
numbers of pigs and dogs are allowed to roam near abstraction points.

�� �	����X���	������&��#��	������^��������	������������������	�X���	�^�	�����������Y�

�� %��	������ X���	� �	���@���� ��� $������� ���� ������ ��@@����� X���� �
���@�� �	���	�^�
� ����&�
chlorine tablets. 

�� %�����	���@@�������#���X���	�������
�����
����^����������|\�@���	�]\\�@�����^����	��������
�`Y�
coli at TWB treatment plant.

�� ���������\Y[�@&}�$�U�����@����������{��#��	������^�������	�X���	��	���@���Y
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7.  TONGA WATER BOARD 
7.1 Current Water Treatment
The water abstracted from the TWB production bores is piped to the Tonga Water Board treatment 
plant in Hihifo, and stored in four 45,000 L fibreglass tanks (on 31/01/13, the fourth damaged tank was 
repaired and is currently being used to store water).

The current standard operational procedure for water treatment at TWB treatment plant on Lifuka is 
���������z�{�[\\�&	�@��#��	������^�����<�	��#��	�����
���	�������=������^���������������#���������]�<$�&�	��
39) and allowed to dissolve. The treated water from the connected storage tanks is then pumped via 
the no.1 storage tank to the 20 m elevated header tank (22,000 L), which then distributes the treated 
water via gravity to the connected households in Lifuka.

The tablets are checked daily and replaced as required. Since 31 January 2012, the chlorine dosage 
#���^�������	�������	�@�z�{�[\\�&	�@��#��	������^���������{�[\\�&	�@��#��	������^����<��	����@@Y�
Hidetoshi Kawai). The FAC was recorded at 0.1 mg/L before increasing the dosage. The minimum 
World Health Organisation (WHO) requirement (0.2 mg/L) was attained when dosage was increased to 
��{���^�����<��	����@@Y�"������#����X��=�����������]Y

Figure 38: Chlorine tablets (right) and FAC field test kit (left).

There are times when treatment of the water with chlorine has proven to be inadequate (Sinclair et 
al 2013) when the presence of faecal contamination was recorded at taps along the distribution line.

Standard operating procedures at the treatment plant, (Tuitakau, Kawai pers comm, 2014), require 
that water quality samples be taken monthly by TWB staff from each of the operating abstraction 
wells, from the treatment plant, and along the distribution line to test for levels of FAC, which should 
be greater than 0.1mg/L. 

Current sampling procedure for FAC analysis also includes samples being collected by TWB Lifuka-
based staff and analysed at TWB water by an officer in Tongatapu who informs Lifuka TWB staff when 
samples do not meet FAC requirements. The sampling and analysis of FAC by TWB staff in Lifuka is 
supported as this would allow them to be more responsive and more accountable for water treatment 
in Lifuka.
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Figure 39 above depicts the current setup at TWB treatment plant with salinities at the day of the 
assessment. Currently, there are four 45 KL storage tanks, with a combined capacity of 180 KL to 
store water that is being abstracted from production bores. Tank #2 is filled by water from TWB Hihifo 
East (118) and TWB4 (104), while tank #4 stores water from TWB Hihifo South. Recently repaired tank 
�������	�����
��{�����X���	��	�@��������[�����zY�U#��	������^������	�����������������]���	��	���@����
purposes. Current set-up uses water from tank #1 for desalination, and upon desalination, the saline 
water from the desalination plant was pumped back into tank #1. This practice of returning the saline 
water from the process to tank #1 has been stopped.

The treated water from the connected storage tanks is then pumped via tank #1 to the 20 m elevated 
header tank (22,000 L), which then distributes the treated water via gravity to the connected households 
in Lifuka.

7.2 Tonga Water Board Abstraction Assessment  
  with Regard to Salinity

An attempt was made to detect changes in salinity at the production bores with abstraction. The 
operating production bores TWB Hihifo East (118), TWB4 (104) and TWB Hihifo South (120) were 
monitored for changes in conductivity (top and base), and water-level for 24 hours at 6 hour periods to 
assess if abstraction was impacting on salinity and to help determine appropriate abstraction rates. 
Changes in groundwater conductivity, up-coning, desired abstracting rate and pumping period can be 
developed from such monitoring. 

Figure 39: TWB treatment plant layout. 
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7.3 Salinity 
Figure 40 reveals the impact of unsustainable pumping in a coastal aquifer system. Upward movement 
�	�@� �����	� ������� �	��������� ������ ���� ��� ��~�����&� ���	� ��@���&� X����� ���	������ &	����X���	�
salinity.  

Figure 40: Salinity monitoring at production bores.

There is not much change in the base salinity at production bores TWB4 (104) and TWB Hihifo South 
(120) during the 24-hour monitoring period. However, for TWB Hihifo East (118), there is significant 
drop in salinity once the pump is turned off. This illustrates abstraction is impacting on salinity at this 
production bore, resulting in up-coning of brackish water. TWB Hihifo East abstracts at 2.5 L/s, This 
high pumping rate will lead to up-coning and affect quality.

7.4 Recommendations 
�� %@��	���������	@���������������	�^������@���	�	�����&�����X�	�������#��	������������&�����������
�

FAC, daily abstraction, etc. should be recorded and archived, preferably as a hard copy and an 
e-copy, and backed up at TWB headquarters in Tongatpu.

�� %�����#�&#�
�	���@@���������������������#��������	��^��	�����������	���������̂ �	��������^��	����
water accordingly.

�� ���������@���&�	���������+;�"�#����`����<]]x=��	�@�[Y|�}������	���	�^�
�]�}�Y

�� U�����������@�����	�̂ �����������������������#�����	���������̂ �	���X��#��^��	��������������	@����
optimal yield and acceptable salinity.

 

(
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8.  CONCLUSION
Tropical Cyclone Ian has had no significant impacts on freshwater lens thickness, based on monitoring 
bores in Lifuka. The freshwater lens has accrued thickness due to rainfall-induced recharge. Scheduled 
monitoring should be undertaken to assist with management, especially whilst there is increased 
reliance on the resources. 

The TWB treatment plant had sustained minimal damage from the cyclone. With tank #3 repaired, 
there is more volume to store abstracted water. The production bores have sustained damage to fences 
and pump housings. It is very important to repair fences to control access and reduce groundwater 
contamination. The current treatment practice is effective in maintaining supply of clean water to the 
population of Lifuka. It is recommended to main 0.2 mg/L FAC and FAC analysis should be done daily 
in the coming months at the treatment plant and monthly along the distribution line.

Pumping rate at production bore TWB Hihifo East is currently too high at 2.5 L/s and impacts on the 
lens, causing intrusion of saline water in to the lens. The abstraction rate should be reduced to a 
more sustainable rate. It is recommended that the abstraction rate is reduced to 1.0 to 1.5 L/s and the 
salinity at the production bore monitored on a weekly basis to determine the likely impact on the lens. 
If the salinity remains high, the abstraction rate should be reduced further. 

Longer term assistance should emphasise the restoring of rainwater harvesting infrastructure, 
including roofs, guttering, downpipes, fascia board, etc. The current desalination plant is capable of 
providing water for potable needs and production can be increased if the need arises. Improvement 
into distribution of desalinated water is required and it is recommended that a distribution schedule 
be developed for each village.
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ANNEX 1: Rainwater Harvesting Survey 
Sheet 

Map number: Village Name:

Household Number: Name of Interviewer:

Location: (refers to the S: 

main entrance door) W: Team Name Date: / /
Name of Interviewee:  Age: 
Relationship of this person to the head of household:

(for e.g.  Head, wife or husband, son, daughter, brother, sister, father, mother, etc)

Answer the following questions for the household. CIRCLE the appropriate response code and ENTER in the box (es) provided

H1 DRINKING WATER

7. What assistance do you need to restore your rainwater supply?

1.   What are the CURRENT Primary and Secondary water sources 

for drinking purposes of this household? 1.  Roof Repair
Primary: main drinking water source 2. Guttering repair
Secondary: alternate drinking water source for household 3. Tank repair

4. No external support required
Source of drinking water 5.  Other
1.  Tonga Water Board
2.  Rainwater 8.  Which type of water sources does your household CURRENTLY 

3.  Well water use for the following activities?

4.  Bottled water

2.  How often does this household treat its drinking water? TWB 
1.  Always Viilage well
2.  Mostly Rainwater
3.  Sometimes Private well
4.  Rarely Bottled water

Sea-water
3.  What treatment does this household use? (tick all that apply)

1.  Boiling 9.  What type of toilet facility does this household CURRENTLY use?

2.  Chlorination
3.  Filtration 1.  Flush/pour (septic)
4.  Solar disinfectant 2.  Flush/pour (soakaway)
5 Purification tablets 3.  Pit latrine
6 Unable to treat 4.  Bush/beach

5.  Other > > specify

4.  Do you have any concerns using TWB water for drinking purposes

(tick all that apply) 10.  What are your concerns for water for the next 12 months?

1.  Taste
2. Water safety  (tick all that apply)

3.  No concerns - suitable for drinking at this time 1.  Poor water quality
4. Not available 2. Taste of water supply

3. In sufficent quantity of water

5. Who is responsible for collecting drinking water? 4.  Additional storage containers for water
 (tick all that apply) 5.  Other

1.  Adult woman
2.  Adult man
3.  Female under 15 years

4.  Male under 15 years

5.  All
6  Do not need to collect 11.  What are your priorities for your water needs over next 

 12 months? (please number from 1 - 4, 1 being highest)

6.  How does this household store its drinking water?

1.  Outside tank 1.  Repair of rainwater harvesting and storage
2.  Pots / buckets with lids 2. Maintain a safe quality of water supply
3.  Pots / buckets without lids 3. Maintain sufficient quantity of water
4.  Bottles 4.  Other
6.  Other > > specify

 Bathing Garden Other

RAPID WATER RESOURCES - LIFUKA  HA'APAI, KINGDOM OF TONGA

RWH HOUSEHOLD QUESTIONNAIRE

Clip all field measurements and forms together to this Household Schedule

P S

Source of 

water

Different activities of using water

Drinking Cooking Washing 

RAPID WATER RESOURCES - LIFUKA  HA’APAI, KINGDOM OF TONGA
RWH HOUSEHOLD QUESTIONNAIRE
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H2 The following observations refer to the situation 19  Storage dimensions
at the time of the survey Height Diameter Type 

eg Plastic, Cement, Steel, 
13. Intact Roof Area Fibreglass, Wood, Other

Length (m)

Width (m)

Height (m) 20. Percentage of water in tanks at time of survey

%

14. Percentage of roof undamaged %

% %

15 Fascia board condition 21. Tank connected 

1. None Y/N

2. Replace/repair

3.  Adequate 22. Tank condition

4.  Good
1. None

16 Guttering condition 2. Replace/repair
1. None 3.  Adequate

2. Replace/repair 4.  Good

3.  Adequate 22

4.  Good Screens on tank entry points 

17 Guttering coverage of roof area 1. None

1. <25% 2. Replace/repair
2. 50% 3.  Adequate

3.  75% 23 4.  Good
4.  100% Abstraction type

18 Downpipe  condition (current) 1. None
1. None 2.Tap
2. Replace/repair 3.  Bucket
3.  Adequate 4.  Pump

4.  Good 5. House

5. House 6. Other

6. Other 24. Bacteriological Sample

Yes No
Sample Number

No. Of photos taken 25.  Comments

Photo nos.
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ANNEX 3: Initial Finding Document 
1.  Initial findings and recommendations 
1.1  Groundwater

�� �����&����������@��������&	����X���	��	�@��	�������U
������%��Y�$	��#X���	�������#�����������
the salinity monitoring bores compare well against freshwater lens thickness calculated during 
2011 survey. 

�� [\]]��	��#X���	�������#��������������	�����&	����X���	�����@��������������	�@����������Y

�� U�		���������������
�#���̂ ������&���������
�	����������������^�����	��������
�@�����	��&�̂ �	����%$�
7 and LIF 8 when compared to 2011, there has been slight change in conductivity for LIF 9 from 
2011; slightly increased in shallower tubes (<5m) and slightly reduced in deeper tubes (>5m). 
For LIF 2 and LIF 4 conductivity has increased in shallower tubes and decreased conductivity 
has been noted in deeper tubes, when compared to conductivities from 2011 survey. 

1.2  Tonga Water Board (TWB) production
�� �+;�"�#��������#�<][\=���+;�?��&�����	�#�<][]=�������+;z�<]\z=�X�	�����������#����`Y������

levels greater than 100 counts/100ml.

�� �+;�"%$���	�#�<]]z=������+;�"%$�`����<]]x=����������#�X��	����������`Y���������]@����@����&Y�

�� �������������`Y������X�	�������������@�����	�@��+;��	���@��������Y

�� �������������`Y������X�	�������������@�����	�@��+;��������������X���	���������	�^�����������Y

�� U�		���� �	���@���� ��� �+;� ������ ���@�� ����������� `Y� ����� �#����� ���� ^�� ��� ������ ��� ��		����
�	���@�������@�����������Y�Y���{�[\\�&	�@��#��	������^���������$	���������^���U#��	����<$�U=����
0.2 mg/L is maintained. 

�� ���������@���+;�"%$�`����<]]x=�����^��	�����&�X���	������	�������	�{�@����
�[Y|�}��X��#����
average conductivity of 5,309 μS/cm, significant increase in conductivity from 2011 and 2012 
survey.

�� �+;�"%$�`����<]]x=���+;�"%$�����#�<][\=���+;z�<]\z=��	���#���#	����	���������^�	��X#��#��	��
functional at the time of the survey.

�� �+;�"%$���	�#�<]]z=�<������	�~�����������������&��?�X�	=������+;�?��&�����	�#�<][]=�<����	�
pump not working) are two TWB production bore that were not abstracting water during the 
assessment.

�� ������	�&�����][|}��	���}��
��	������&	����X���	����������^�����	��+;�	�����������#����Y�

�� ������	�&�����z�}��	���}��
�������X���	����������^�����	��������������������Y

1.3  Desalination
�� ������������������� <�x\}#	������X���	=��	������&�]\�\\\}��
��^���#����^����
� ����	���������

least 20KL per day. 

�� �X�������	��	�������	��	�����	���&�������X���	�����#����������]\�\\\����#Y

�� ���	�&���������
����&	����X���	��������	����������[�z�z���}�@Y

�� ���	�&���������
�����+;��	���@�������������	��	���@�������[�z�z���}�@Y

�� +���	��������������]Y|�^��������	�]|�^���������	@�����	�^�����������Y
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1.4  Rain Water Harvesting (RWH) survey
�� �^�����\������#��	����������������@����@�&�Y�

�� "�������	��^���&�	����	����	����������&����	��&����X�����������������^��	�Y

�� ����	��
�����#����@�������������������@�&������������^��	�~���������Y�

�� $����������X����	����	��&��+"����	���	����	�Y

1.5  Faleloa Village, Foa 
�� �^���� �\�� ��� �#�� ��@�&��� #����#����� #���� ���	���� X��#� 	����	�� <	����� �	�� ��=�� ^��� �+"�

���	���	����	�������&����	��&����X��������������^��	�����	��������������������^����{��Y

�� ����X���	��������	���@��
���	�X���	��@������	�@�����@�����&��	&�����@����	����������������	�
drinking.

�� U�@�������������������@�&��

�� �������
��	�@��#����@@�����X�������[�z�\���}�@Y

�� U�@@�����X����X���	������
����	�������\�}[\]z��X��#�@���	��
�����#��#��������������������#��
communal reticulated water.

�� `Y������������������������	�X���	��	�@��#����@@�����X����<]\\�������}]\\@�=

�� �����	���	���@���������@����	����	���	�^�
��#��	������^������X��#���$�U���������\Y[@&}Y�

�� ���������X���	���	��	�����&��#�&#���������������������&���X���	��	�@�?��&��Y�"����̂ �����	�����&��
water from Matafonua basement cistern, which been tested positive for E. coli.

�� ?	���	�������	��	�����&�������X���	Y

2.  Recommendations
�� %�����	���@@�����������		
�������������������
�@�����	��&�����#���������
�@�����	��&�̂ �	�������#��

��{����@���#����������������	���������������������	����������	��&��	��	�����������Y

�� %�����	���@@��������	�����
�������^����������|\@���	�]\\@�����^����	��������
�`Y����������+;�
HIF North (114), TWB HIF East (118), and TWB treatment plant (Tank # 1) and desal distribution 
tank.

�� %�����	���@@���������	�������^��	�������	��������+;�"%$�`����<]]x=�^�	���	�@�[Y|�}�����\Y|��	�
1.0L/s. 

�� %�� ��� ��	�#�	� 	���@@������ ��� �������� �� ��#������ ��� �^��	�����&� &	����X���	� �	�@� ���#�
production bores, so that bores are abstracted sustainably and not over abstracted. 

�� %@�	�����	�����������������	�^���������������������X���	Y�����������	���������������[\����	�
day, and cart desal water to schools, hospitals etc

�� %@�	���� ����	�^������ X��#� <�������� �����=� ��� ���#� �����&�� ��� ������� ���� $��� ��	� ������������
water, to be filled by tanker trucks on a regular basis for 3 months whilst repairs to rainwater 
harvesting are carried out.

�� $����������������#��������������������	����	��&��+"����	���	����	��<��X���������������^��	���
guttering, screen etc)

�� "�����	���@�����	�����	����	�X���	��	���@�������$�������������������@@�����X�����
���@��
preferably chlorine tablets. 

�� �������	������������@�����	��&������;�������&����	���������	���������X����Y

�� ?�������	�������X��#�[\�&���������������X���	�<����������	�^�����������=Y
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3.  Groundwater
3.1  Monitoring bores and freshwater lens thickness 

Figure 1 below shows the current 
status of one of monitoring bore 
LIF 2. Figure 2 shows the location 
of salinity monitoring bores 
in relation to TWB production 
bores, galleries, and 2011 survey 
freshwater lens thickness contour. 
Table summarise the findings at 
SMB and calculated freshwater 
lens thickness.

 

Figure 1: Monitoring bore LIF 2, January 2014 (PVC tube filled with sand)

Figure 2: Location of monitoring bores
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 Table 1 summarises initial findings from salinity monitoring and impact to freshwater lens. January 
2014. Estimated volumes for available groundwater during 2011 survey are still valid and are given in 
Table 3.

Table 1: Summary of monitoring bores, January 2014

SMB SEP 2011 
THICKNESS 

(M)

JAN 2014 
THICKNESS 

(M)

COMMENTS

LIF 2 3.8 2.8 �� ��^��]������������X��#�#�&#�	�����&�����������������^���������������	������
water spray, conductivity improvement in tube 2 and 3 possibly due to 
rainfall recharge.

�� �����&����������#��&�

�� U���	��#����;������	�������	�@���	�#�	���@�&�

�� ?�U������������������

LIF 4 2.8 2.2 �� U����������
���X�	�����&���	�?�U�������^��������&���	�@��������������
further investigation

�� �����&����������#��&�

LIF 6 6.3 8.4 �� $	��#X���	������@��#��#����	��#���[\]]���	��


�� ��&����������@�	���@������������������
�X��#�����#Y

�� �X���������������
�	���	�������	������
��	�Y

LIF 7 3.6 7.0 �� ��&����������@�	���@������������������


�� �#����	��	��#X���	��������	@�[\]]���	��
Y

�� ��^��]�#�&#������������
�������������X��#���#�	�@�����	��&Y

LIF 8 6.1 6.0 �� �����&����������#��&�

�� ?�U��������@�&���<������������=

LIF 9 6.1 4.8 �� ���������	��#X���	�������#��������������[\]]���	��


�� ?����^���	���������	��^��	�����������+;�"%$�����#��	���������^�	��
(meter not working).

3.2  Groundwater quality
3.2.1 Groundwater salinity 
Table 2 below illustrates current average salinity at production bores and treatment compared against 
2011 findings.

Table 2: Measured groundwater salinity at production bores during assessment 

PUMP TWB PANGAI 
NORTH (121)

TWB HIHIFO 
NORTH( 114)

TWB HIHIFO 
EAST (118)

TWB4   (104) TWB HIHIFO 
SOUTH (120)

TREATMENT 
PLANT

Salinity Sept 2011 
(EC taken at bottom 
of prodn well)

3,430 μS/cm 822 μS/cm 1,758 μS/cm 2,436 μS/cm Na 2,820 μS/cm

Salinity March 2012 
(EC taken at bottom 
of prodn well)

1,583 μS/cm 669 μS/cm 1,697 μS/cm 1,257 μS/cm Na 1,565 μS/cm

Salinity January 2014 
(EC taken at bottom 
of prodn well)

3,087 μS/cm 1,366 μS/cm 5,309 μS/cm 2,164 μS/cm 1,096 μS/cm 2464μS/cm

Pumping Rate 
January 2014

Na Na 2.5 l/s 0.5 l/s Na Na

Pump Status 
January 2014

Not Working Not Working Working Working Working Working
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TWB Hihifo East (118) has the highest conductivity when compared to other pumping bores which were 
���	����&���	��&�������@���Y��#��&	����X���	������������
���������#��^�	���#�������	�������{�������	�
TWB4 (104). Average conductivity at treatment plant has increase since last assessment but in lower 
than 2011 conductivity.

3.2.2 E. coli
Groundwater quality at production bores were assessed for E. coli during the survey. Figure 3 below 
outlines production bores had E. coli counts greater than 100 per 100ml sample. Out of the three 
operational production bores at the time of the survey two production bores (TWB HIF South (120) 
and TWB4 (104) (Figure 3 below) were found to have E. coli levels greater than 100 counts/100ml. The 
third production bore found with counts greater than 100 is TWB Pangai North (121), which was not 
operational during the time of the survey. The two bores which didn’t show counts greater than 100/ 
100ml are TWB HIF North (114) and TWB HIF East (118).

Figure 3 : E. coli (blue dot) at sample production bores.

Figure 4: Recently installed diesel pump at TWB HIF South.
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Figure 5: Water quality at production bores.
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3.3  Estimated water resources
Table 3 below depicts estimated available freshwater lens volumes, to 2,500μS/cm, delineated from 
EM34 survey, Lifuka, Ha’apai September 2011, which generally remains valid during this assessment. 
There has been no significant change in the freshwater lens thickness at monitoring bores. 

Table 3: Estimated available freshwater lens volumes

FRESHWATER CONTOUR FRESHWATER AREA 
(M2)

FRESHWATER VOLUME 
(M3)

AVAILABLE FRESHWATER 
VOLUME (M3)

3m 874,740 2,624,220 918,477

6m 111,580 669,480 234,318

9m 18,980 170,820 59,787

Total 1,005,300 3,464,520 1,212,582

3.4  Water demand at village level
Table 4 reveals current water demand at village level on Lifuka. No abstraction data is available for 
Faleloa. TWB at current capacity is able to provide 118L/person/day, should everyone want to use 
groundwater on Lifuka (including Kuolo and Holopeka). Lifuka including all 4 villages has a total 
demand of 220,160 L/day. TWB currently meets this demand and produces a surplus of 56,507 L/
day. It is important to take into account loss water through supply, however it is indeed evident that 
TWB at current capacity is able to supply well above the SPHERE requirements for water demand in 
emergency.

Table 4 : Water demand at village level
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Pangai 1211 80 96,880 114/L/Person 4/L/Person 118 142898 15

Hihifo 844 80 67,520 114/L/Person 4/L/Person 118 99592 15

Kuolo 214 80 17,120 114/L/Person 4/L/Person 118 25252 15

Pangai 141 80 11,280 114/L/Person 4/L/Person 118 16638 15

Faleloa 342 80 27,360 NA NA NA NA 15
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4.  Rainwater harvesting 
Rainwater harvesting infrastructure for the selected households was also assessed. This was a rapid 
assessment. About 44 household were surveyed as part of RWH component of this survey.  

Results indicate:

4.1  Primary source of drinking water
%������{��������#�����@������	�������������X���	�X�������	������	�@���		��������������	��|������	��#��
coming few months. Based on the survey results once people switch from bottled water and when 
rain tanks run out the preferably source of drinking water would be desalinated water. Figure 6 below 
��������@�	���#����|����������X����������������������X���	���	��	�����&Y�+��#���		�����	������������
10KL /day desalination is able to provide at 4L of water per person per day. 

Primary Source of Drinking Water

TWB 

Rainwater

Desal 

Bottle Water

36%

39%

5%

20%

Figure 6 : Primary source of drinking water

4.2  Assistance to restore RWH
$�&�	��������������������#��zz�#����#�������	��
��|��	����	���	&������������������	����	��	�@�����������
of RWH infrastructure. 

Assistance to restores RWH 

NA

No External Suport

Completely damged 

RWH Infrastructure

75%

9%

9%

7%

Figure 7: Immediate assistance required

This needs immediate attention as repair of RWH infrastructure would ease off pressure for 
groundwater. 
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4.3  Concerns for next 12 months 
����#������&�����@����|������#����#�������	��
����������
������	����^����	���X���	�#�	������&��+"�
���	���	����	�� 	����	�Y� $�&�	�� x� ^���X� �������� �����	��� X��#� 	�&�	��� ��� X���	� �����
� ��	� ��{�� ][�
months. 

Figure 8: Concerns for next 12 months

4.4  Roof damage
$�&�	���������������#�	�������	��
���#����#�����#���]\\����@�&���	��������������]���#����������	�����
X��#������@�&��������Y���#����@�������#������������\������#��	���������#���������������������@���
������
damage during the cyclone. 

 

Concerns for next 12 months 

Repair RWH infrastructure

Poor Water Quality

Taste of Water

NA

16%

18%

9%

57%

Figure 9: Roof damage assessment

Percentage HH with Damaged Roof 

NA 

Completely destroyed

Minor Damage

Extensive Damage

Major Damage

Not Damaged

30%
11%

11%

16%

16%
16%
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5  Tonga Water Board 
5.1  Production bores
Instantaneous abstraction rates from the working meter for operating production bores and 
conductivity of abstracted groundwater are listed in tables 5 below.

5.1.1  Production
�� ���������@���+;�"%$�`����<]]x=�����^��	�����&�X���	������	�������	�{�@����
�[Y|�}��X��#����

average conductivity of 5,309 μS/cm. Significant increase in conductivity from 2012 survey, 
attributed to high pumping rate.

�� �+;z������	�����@��<]\z=�����^��	�����&�X���	������	�������	�{�@����
�\Y|�}��X��#�������	�&��
conductivity of 2,164 μS/cm.

�� An average of 365KL of water is abstracted per day currently and an average of 276KL of the 
abstracted is treated and made available for consumption.

�� ]|�����������������	���������X���	�^��X�����#��X����������#���	���@���������

�� An average of 125L/person/day treated groundwater is available for TWB reticulated house 
(Hihifo, Pangai and Holopeka). This further equates to 114L/person/day should all the people 
on Lifuka use water from TWB (Kuolu, Holopeka, Pangai, and Hihifo).

�� An average of 4 l/person/day desal water is available for population of Lifuka (2014)

5.1.2  Damage assessment
�� Fence and housing at all bores have sustained some damage and needs to be repaired.

�� Solar panels at TWB Pangai North sustained damage.

5.1.3  Recommendations
�� Need to install meter at Diesel pump TWB Hihifo South (120).

�� Get non-operational bores TWB Pangai North and and TWB HIF North working.

�� Urgent repair of fence and pump housing is vital to keep these production bores operational.

Figure 10: Truck filling water from desal plant at the TWB depot
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Table 5: TWB production from production bores, January 2014
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Diesel pump TWB 
HIF EAST East 
(118)

181,000L 195,000L 203,000L 89,000L 123,000L 158,200L 2.5 2.23 zx�

TWB4 electric 
pump  (104)

37,250L 43,502L 40,464L 36,952L 32,662L 38,166L 0.5 0.47 ]]�

Diesel pump TWB 
Hihifo South (120)

129,000L 129,000L 129,000L 129,000L 129,000L 129,000L na 1.5 z]�

Total 347,250L 367,502L 372,464L 254,952L 284,662L 325,366L 4 3.77 100%

TWB Distribution na na 316,000L 251,000L 263,000L 276,667L 5L/s 5L/s  

Table 6 below gives and overview of current situation for groundwater demand and current supply for 
TWB reticulated households on Lifuka.

Table 6: Current groundwater production and supply for TWB reticulated households

Pangai Population 1211

Hihifo Population 844

Holopeka 141

Total Population 2196 

TWB  Production (L) 276,667

Desal Production (L) 10,000

2014 Available groundwater/person/day 125L/person/day

2014 Desal Water /person/day 4.5 L/person/day

TWB is able to meet the current water demand on Lifuka. Currently TWB produces an average of 
276,667 L of water per day. With a population of about 2196 reliant on the TWB water, the current 
������^���X���	�������������^����][|}��	���}��
����&	����X���	��������	�{�@����
�zY|}��	���}��
�
desal water. Taking into consideration that population may have increased over the few years, and that 
there more people on the Lifuka at this point in time, and assuming that the current population reliant 
on TWB water is 3000, it further equates to 92L/person/day groundwater and 3.3L/person/day desal 
water, including any metered consumption from business. Therefore it would be appropriate to state 
that TWB is currently able to provide for water demands for reticulated house in Lifuka. Should there 
be increased demand for groundwater TWB has options to lease private wells as practiced in past or 
�{���	�����������X��	���������X���������	���#�&#��&#����[\]]���	��
�	���	�Y�
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5.2  Treatment plant
The water provided from the 3 production bores is piped to the Tonga Water Board treatment plant in 
Hihifo, are stored in four 45,000L fibreglass tanks.

�� Total storage capacity 180KL.

�� Average salinity in the tanks 2,464 μS/cm.

�� No E. coli at 1 ml sampling.

�� %��	������U#��	��������&����	�z�{�[\\&	�@��#��	������^����<�	��#��	�����
���	�������=�����Y

�� Free Available Chlorine (0.2 mg/L).

�� No major damaged sustained during the cyclone.

5.3  Desalination plant
A 780L/hour Desal plant is operating at the TWB depot. Current status includes;

�� Use groundwater of average conductivity of 2464 μS/cm for desalination from raw water 
storage.

�� Current production of 10,000L/day.

�� Fuel (100l/day) provided by NEMO.

�� Operated and maintained by TWB staff with a operator from Tongatapu.

�� Request by NEMO to increase production to 20,000L. 

�� Desal water is filled in 10,000L tanks at NEMO operations compound via tankers from TWB 
compound.

�� People use own transport to cart water from the tanks.

�� There is no structured current desalinated water distribution schedule in place. Tankers trucks 
are filed at TWB depot form desal plants, water is then transported to the NEMO operations 
facility where two 10,000L tanks are filled. People fill their water bottles from these tanks.   

6  General observations
�� Need to cart desal water to Foa, set up a distribution tank at Foa and get it filled regularly by 

tanker truck.

�� Need for 20L gallons for people to filled water in at distribution tanks

�� To ease pressure on three operating TWB bores, desal plant could be moved to either of the 
two un-operating gallery and use water from these galleries for desal.

�� Tonga power should connect TWB HIF North, so that it would start pumping, easing pressure 
on TWB HIF East.

�� Need for additional monitoring of SMBs, and galleries and production wells.

6.1  Faleloa Village, Foa
Faleloa village was visited as part of rapid assessment survey. Findings include;

�� �^�����\�������#����@�&���#����#�����#����^�������	�������^��	����	���<	������	����=��^���
RWH infrastructure like guttering, downpipe, fascia board etc.

�� Rainwater tanks are empty, or water smells from decomposing organic matter and not used 
for drinking.



Post Tropical Cyclone Ian Rapid Water Resources Assessment, Lifuka, Ha’apai, Kingdom of Tonga 

66 TECHNICAL REPORT 202

�� Cement tanks look undamaged.

�� Salinity from the communal well 2,490 μS/cm.

�� Communal well water supply started on 03/0214, with majority of the houses connected to the 
communal reticulated water.

�� E. Coli tested positive for water from the communal well (100 counts/100ml)

�� Require treatment of some sort.

�� No desal water for drinking, high costs associated to get water from Pangai. Have been drinking 
from Matafonua basement cistern, which been tested positive for E. coli.

�� Preference for drinking desal water.

�� Urgent for desal plant. 

 

Figure 11: Faleloa from Matafonua. 

Note:  People have started to get the roofs back on.
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ANNEX 4: Photographs
These photographs were taken on Lifuka during the assessment, 02-08/02/14.

Figure 41: Damaged solar panel and pump housing Hihifo South gallery, with recently installed diesel pump.

Figure 42: Destroyed house in Kuolo.
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Figure 43: Desalinated water storage tanks (10,000L) in Pangai.

Figure 44: Filling water for drinking purposes from desalination tanks in Pangai.



Figure 45: Costal flooding along NEMO compound in Pangai following high winds and high tide.

Figure 46: Temporary camps in Kuolo.
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Figure 47: Destroyed house and scattered personal belongings for a resident in Kuolo.

Figure 48: Severely damaged building structure in Pangai.
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Figure 49: Damaged vegetation and debris after TC Ian in Hihifo.

Figure 50: Current water containers used to store drinking water on Lifuka.

Post Tropical Cyclone Ian Rapid Water Resources Assessment, Lifuka, Ha’apai, Kingdom of Tonga 

72 TECHNICAL REPORT 202



Figure 51: Damaged vegetation.

Figure 52: Remains of Matafonua resort on Foa Island.
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Figure 53: Coastal erosion and damaged vegetation near Holopeka.

Figure 54: Coastal erosion along the coast near Holopeka.
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Figure 55: Desalination plant operating at Pangai wharf.

Figure 56: Desalination plant in operation at Pangai wharf.
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Figure 57: Boat washed up in Pangai during TC Ian.

Figure 58: Desalination plant and tanker truck at TWB depot, Hihifo.
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Figure 59: Intact roof with good fascia board in Hihifo.
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ANNEX 5: EC Compact Plate 
Methodology

Standard Membrane Filtration Method 
(Adapted from the USA Environmental Protection Agency (EPA) and American Public Health Association 
methods (APHA) (EPA, 2000; APHA, 1995).

Samples
Collect water samples in sterile bottles (left in boiling water for 10 minutes and cooled) or bottles that 
have been rinsed three times at the site with well water, rainwater or water to be tested. 

Storage
���	����@���������������������^�����������#����	���^�������������	����	�����#�	�������#���
�^����	���^�&�
with cool elements. Samples need to be processed within 12 hours of collection. Make sure no melt 
water comes into contact with the sample.

Equipment
Need per sample, all sterile (boiled sterile, or three times rinsed with sterile/boiled water between 
samples)

3 X Compact Dry Plates 

 

These plates contain dehydrated agar that allow the bacteria to grow once rehydrated.

1 X 50 ml sterile syringe 

1 X 20/15/10 ml syringe

1 X sterile filter housing

2X GN6 Metricell gridded white filters (PallGellman) 

�X����	����	������	��<�������	���=

Bleach 

Sterile/Boiled Water

1X 20/10 ml syringes

Suggested volumes
1 ml, 10 ml and 50 ml for each sample
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The cleaner the water the more volume you need to filter, never more than 100 ml. If the water is 
heavily contaminated and you get more than 200 colonies on your 1 ml plate, you will need to dilute 
the sample, e.g. 1 in 10 ml and then filter 1 ml of this (or even 1 in 100 ml). Just remember to add the 
dilution in your final calculation.

Procedure
Wash and dry your hands and wipe down the surface you are going to be working on with bleach/
detergent, and dry it. You do not need to wear gloves, just make sure you do not touch the inside of the 
plates and the filters.

Label your compact dry plates with the volume, date and sampling site.

1) Add 1 ml of sterile/boiled water, using a sterile 10 ml syringe to the plates (as in picture) that 
will have filters placed on them, i.e. 10 ml and 50 ml plates for each sample. This is to rehydrate 
the agar.

�

2) Add 1 ml of sample to the compact dry plate labeled 1 ml, using the 20/10 ml syringe (see 
below).  

�

3) For the other volumes, place sterile filter housing over a collection bottle (See below).

�

z=� �������X����	�����^����#��#������	����X���	���������������	����������������	�<&	����������=�����#��
filter support and close the housing tightly, carefully. Make sure that the o-ring (orange) is in 
the correct place (Do not touch the inside of the housing) (See below).
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�

5) Fill a syringe with your sample volume, either 50 ml, using the sterile 60 ml syringe or 10 ml, 
using a 10/20 ml syringe. 

�

6) Place the syringe in the filter housing, push the plunger gently into the syringe so the sample 
flows gently through the housing and onto the filter (too much pressure and you will break the 
filter).

�

7) Remove the syringe once the sample has been pushed thru the filter and fill it with air. Place the 
syringe back in the holder and push the air thru gently to dry the filter and to make sure that all 
the sample has gone thru the filter.

�

x=� ����
��	��X����	�����^����#������#������	����X���	����X��#��#�@�������#�����	�����
�	�@����
from the filter and place grid side up in the middle of the compact dry plate, avoiding air bubbles 
and touching the side of the compact dry plate.

�
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9) Repeat for the second volume, i.e. 10 ml, starting at step 3.

�

]\=�;���	������&�
��	���{����@�����	������#���
	��&���
���#������������������@���X��#����	���}^������
water and the filter housing (if you want to use them again on that day). 

�

]]=�$����X��#���	�����	����	��#����{����@��������	��&����]Y

�

][=�%���^��������
��	�����������������X��<�Y�Y��&�	}�����	��������=��������������^�{�����	���	�^�
�������
°C, for 24 hours and count, following the counting procedure.

Once you have finished all your samples, clean all your equipment, following the  cleaning procedure 
at the end of this document).

Counting Procedure
Compact Dry plates: Count the number of red and blue colonies. 

   
 The number of red and blue colonies = Total Coliforms
 The number of blue colonies = E. coli 

Or the filters on Compact Dry may look like this, again count the number of blue and red colonies.
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Note: The left plate would not be counted as there are too many colonies to count (>200).

Count only plates that have between 20 - 200 colonies on them. If the count is too high, count 10 
squares randomly on the filter, work out the average per square and multiply by 100 to get a count per 
filter. This is not a good way of doing it but it will give you an estimate from which you can decide what 
volume you should have filtered. Calculate all your final numbers as bacteria per 100 ml. If you get no 
growth on 50 ml, the result is <1 per 50 ml, you would need to repeat this with 100 ml of a new sample 
as the drinking water standard is 100 ml.

Cleaning of Equipment
Once all the samples have been filtered, all the equipment needs to be cleaned and sterilised for the 
��{����
*����@����&Y��#����������X�
��������&����	����	�������	�����������^�����������������X��#������	�����
cleaning procedure.

1)  Pressure Cooker Method
������ ���� �
	��&��� ���� �����	� #�����&�� ����� X��#� |�� ^����#� ���� �#��� �� ��@��� X��#� ^������ X���	� ���
remove any residual bleach. Place the cleaned filter housings and syringes in the pressure cooker. 
Follow the instructions with the cooker, but generally, they have a basket in them, and you need to 
add water, at least to just cover the basket, generally about 5 cm deep; you don’t want to run out of 
water. Secure the lid and place on the stove. Wait for it to come to pressure, it will generally hiss and 
the release valve will pop up once at pressure. Keep it at pressure for 15 minutes, after which, turn it 
����������������������X�������#���	�@�����#�����@������	���#�@����������������������������	��	����������
^�&����	��#����{����@����&Y

2)  Alternate Method
%��
����������#�������	����	�������	��������#���
	��&������������	�#�����&�����&�|���^����#������#���
3 times with boiled water to remove any residual bleach.  Put a large pot of water on the stove to boil. 
Let this come to the boil and boil it for 10 minutes to kill any pathogens in it. Place the syringes and 
filter housings in it and boil it for a further 10 minutes. Turn of the stove and let the syringes and filter 
housings cool down in the water with a lid on the pot. Removefrom the pot while they are still warm but 
���#���������^�	��
���������������#�@����������������������������	��	����������^�&�Y

Boiled Water
Make fresh boiled water each night for the following day of sample processing. Bring a pot of water 
to the boil and boil continuously for 10 minutes, pour while still hot into a glass bottle, that you have 
�	�������
���������X��#�|���^����#�����	����������@���X��#�^�����&�X���	Y�����#��X���	���������	��&#��
���������#����{����
���	�
��	���@��������
���Y






