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SUMMARY
Many countries around the world face severe threats, often related to climate change.
Often, these countries are in urgent need of expert advice on how to prevent a disaster
or how to recover from a calamity. To meet these needs with a swift response, the Dutch
government (Ministry of Foreign Affairs and the Ministry of Infrastructure and
Environment) has initiated the Dutch Risk Reduction Team (DRR-Team).
Mid 2015-2016 Palau was affected by a severe and extended drought that resulted in
constraints in the water supply service to Koror to the extent of water rationing. In April
2016 the possibilities of Palau-Netherlands cooperation in the water sector were
discussed during a short visit of Mr Sjef IJzermans, Netherlands’ Special Envoy for Pacific
SIDS. GoP and the Netherlands followed up resulting in a DRR mission in August 2016
(Sjef IJzermans and Fred de Bruijn), which specifically focused on increasing resilience in
available water resources for the water supply of Koror and Airai.
The DRR-Team acknowledges various ongoing GoP initiatives on improved water supply
(transport & distribution), improved sanitation and improved financial and O&M
performance of Palau Public Utilities Company (PPUC). GoP specifically requested that the
Dutch DRR-Team look into back-up water resources for sustained water supply service
during extended periods of severe drought.
The findings of the DRR-Team may be summarized as follows:
-

-

-

-

The existing production capacity of approximately 4 Million Gallons per Day (MGD) is
expected to be adequate and sufficient in the mid-term to even long-term future.
Improved operations, reduced consumption, and decrease of Non revenue Water
(NRW) is expected to accommodate any demand increase from population growth
and increased visitor numbers;
The 2016 drought revealed that production may drop to as low as 1 MGD during
extended periods of severe drought. This production is insufficient to sustain an
acceptable service level to Koror and Airai. As an indicative requirement we expect
that drought production would need to be sustained at a minimum of 2 MGD.
Combined with water saving campaigns and operational measures, a minimum
production of 2 MGD is in our view acceptable to overcome drought periods. This
implies that additional water sources for drought scenarios will need to provide at
least 1 MGD, in terms of supplementing existing sources;
From reference documents that GoP provided we have derived Three (3) main
strategies for additional water resources (besides optimizing the existing resources):
1. Develop a wellfield of, for example 10 boreholes, to be reserved for
specific application during drought periods;
2. Extract water from adjacent water sheds, to be connected to
existing infrastructure;
3. Construct substantial water storage by dam development. The
existing dam provides 5 days of storage. For true contribution a
storage of at least 50 days is deemed necessary;
In our opinion, options 1 and 2 are suitable for the drought resilience requirements
(amounting to USD 5M or less) whereas option 3 is too costly to be reasonably
considered at this stage (without exploring options 1 and 2).

The DRR-Team recommends that GoP initiates action for the development of additional
water resources. While these additional resources may not be required for operations
during normal climate conditions, it would prepare Palau for the next extended period of
severe drought and make its water supply system more resilient.

DRR Palau Mission Report

14 October 2016

-4-

As a follow-up GoP is recommended to launch a more detailed TA that investigates water
resource developments options (building on previous GoP initiative, especially the 20082009 ADB programme) and to prepare concrete proposals for one or two water resources
development projects.

Does Palau encounter any salt intrusion issues with their freshwater reserves? Not sure if
it is an issue. If not, no problem. But if so, we may want to mention that the assumption
for above recommendations is that existing water resources are deemed safe and reliable
for foreseeable future.
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1

BACKGROUND

1.1

DRR-Team Palau

Many countries around the world face severe threats, often related to climate change.
Often, these countries are in urgent need of expert advice on how to prevent a disaster
or how to recover from a calamity. For instance, when a country has been struck by
severe flooding and the first emergency relief workers have gone, the need for advice on
how to build a sustainable and safer water future arises. Also acute shortage of potable
water may justify such advice.
To meet these needs with a swift response, the Dutch government (Ministry of Foreign
Affairs and the Ministry of Infrastructure and Environment) has initiated the Dutch Risk
Reduction Team (DRR-Team). This team of experts advises governments on how to
resolve urgent water issues related to flood risks, water pollution and water supply, to
prevent disasters or to rebuild after water related disasters. The DRR-Team enables a
foreign government to take action on the basis of sound, objective and non-binding
advice and expertise. The DRR-Team is coordinated by the Netherlands Enterprise
Agency (RVO.nl).
The Republic of Palau is vulnerable to the effects of climate change, such as sea level rise
and an increasing number of extreme weather events. Currently Palau is experiencing
the aftermath of a long drought spell, which in the early part of 2016 had forced the
country to ration the supply of water. This directly affects the population and tourism
industry of the country. This economic loss in a country with a vulnerable resource base
underlines the need for improvement of supply and resource management of drinking
water.
In April 2016, the Netherlands Special Envoy for Pacific SIDS, Sjef IJzermans visited
Palau. Amongst other SIDS-related activities, the Special Envoy met with representatives
of the government and the Palau Public Utilities Corporation. The latter is responsible for
the water and wastewater operations of Palau and had expressed interest in the DRRTeam. The National Climate Change Coordinator (MinFin) and State Minister Kuartei (who
also overseas the Bureau Foreign Affairs) reiterated the request for assistance by the
DRR-Team, which was formalised through a request by PPUC and sent to the EKN in the
Philippines.
The DRR-Team leader and one expert will provide technical assistance to the Palau Public
Utilities Corporation with advice on:
-

Drinking Water Supply (stabilization of resources under extreme climate impacted
conditions);
Prolonged effects of long droughts on water resources and infrastructure;
Water resource management (availability, system integrity and improvement
options) and alternative water supply sources.

The objectives of this mission are:
-

Assist Palau in the assessment on prolonged effects of long droughts on water
resources and infrastructure;
Provide input for a terms of reference document for a detailed study on potential
sources for the water supply of Koror, Airai and Babeldaob, to be used by Palau for
the procurement of external / international funding;
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More specifically the following issues need to be addressed:
-

1.2

Water resource management and alternative water supply sources;
Overview of the overall water supply system of Koror;
Recommendations for potential alternative sources to supplement present sources of
water supply of Palau;
Long-term impacts of climate change on water availability & resource management
and how to more effectively anticipate droughts.
Country background information on Palau

Palau is an island country with a population of 17,948 on 465 km2, located in the
western Pacific Ocean. Palau’s total sea area of Palau’s EEZ is 629 000 km2.
The country is located at 7* 20” north latitude and 134* 28” east latitude. It contains
approximately 250 islands, which form the western chain of the Caroline Islands
in Micronesia.
The main archipelago is about 170 km long and 27 km across and includes the seven
major islands, all inhabited. The largest is Babeldaob followed by Koror with South of it
hundreds of tiny uninhabited mushroom islands. Pelelie and Anguar form the populated
Southern end of the chain.
The most populous of these is Koror. Palau shares maritime boundaries with Indonesia,
the Philippines, and the Federated States of Micronesia.

Figure 1 Islands of Palau (source: lahistoriaconmapas.com)
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The country was originally settled approximately 3,000 years ago by migrants from the
Philippines and sustained a Negrito population until around 900 years ago.
The Legislative power in Palau is concentrated in the bicameral Palau National
Congress. Palau is a multi-party democratic republic. The President of Palau is both head
of state and head of government.
Palau's economy is based mainly on tourism, subsistence agriculture and fishing
(including revenues from fishing rights) with a significant portion of GNP derived from
foreign aid. The US dollar is used as currency.
The islands' culture mixes Japanese, Micronesian and Melanesian elements. The majority
of citizens are of mixed Micronesian, Melanesian, and Austronesian descent, with
significant groups descended from Japanese and Filipino settlers. Palau is divided into 16
states (until 1984 municipalities). Of these, Koror with 11670 inhabitants and Arirai with
2537 and the National Airport hold most of the countries population. The
capital Ngerulmud is located on the island of Babeldaob., in Melekeok State.
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Figure 2 Administrative divisions: The sixteen states of Palau., ref ADB

1.3

Water supply and sanitation in Palau

With the majority of Palau’s population in and around Koror and with almost all tourist
activities centred in Koror, this town is of high priority with regard to sustainable water
supply and sanitation. Koror is supplied with treated surface water from the Ngerikill
River catchment on nearby Babeldaob Island (elaborated further in chapter 3). Part of
Koror is sewered towards centralized WWTP, now under ADB refurbishment programme.
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Villages and communities on Babeldaob Island as well as on other small (outer) islands
receive water from spring catchments, RWH systems and shallow wells, and are provided
with on site sanitation (latrines and septic tanks).
In 2013 the Palau Public Utilities Company was established and its responsibility until
then for the supply of power to the country was extended to also include providing safe
drinking water to the population. The most important water supply activity in Palau is
providing water to Koror, where most of the people of Palau are living.
The main water supply and sanitation challenges to Palau may be summarized as:
-

Reduce the amount of Non Revenue Water in Koror (currently addressed under JICA
ongoing project);
- Improve sanitation conditions in Koror town to ensure environmental sustainability
and public health (currently addressed under ADB ongoing project);
- Improve PPUC Operations & Maintenance (O&M) performance, and increase revenue
position to ensure sustainable cost recovery (priority policy of GoP);
Ensure sustainable water supply by increasing water resources to meet future demand,
and attain resilience to extended drought
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2

RESULTS AND FINDINGS

2.1

Stakeholders

The implementation of the water supply and sanitation projects, including improvementfocused projects, fall under the responsibility of PPUC under the leadership of CEO Kione
Isechal. Water supply is part of the political responsibilities of the State Ministry, led by
H.E. State Minister Billy Kuartei.
For Koror water supply and sanitation, PPUC is the paramount and obvious stakeholder.
In the DRR mission, the relationships with key stakeholders has been further developed.
Particularly the relationship with PPUC has proven valuable in obtaining relevant data and
resource information. Furthermore, with the assistance of PPUC further contacts were
established with ongoing projects and programmes (sanitation / ADB funded, water
supply / JICA funded), and relevant resource institutions (the Palau Visitors Authority for
tourism records and projections, the meteorological authorities for hydrology statistics,
the environment and climate change authorities for climate statistics and relevant
background).

Needs
The main water supply and sanitation challenges in Palau may be summarized as:
-

Reduce the amount of Non Revenue Water (NRW) in Koror (currently addressed
under JICA ongoing project);
Improve sanitation conditions in Koror town to ensure environmental sustainability
and Public Health (currently addressed under ADB ongoing project);
Improve PPUC O&M performance, and increase revenue position to ensure
sustainable cost recovery (priority policy of GoP);
Ensure sustainable water supply by increasing water resources to meet future
demand, and attain resilience to extended drought (subject of this DRR mission).

In view of the request from GoP and also in view of ongoing programmes for Koror water
supply & sanitation, the DRR-mission has focused on existing and (alternative)
supplemental water resources.

2.2

Technical System Outline

PPUC was established by GoP in 2013, with the objective to integrate water supply &
sanitation with energy-provision services. Parallel to strategies to increase water tariffs,
this ‘corporatization’ aims to improve PPUC’s financial performance towards sustainable
cost recovery.
The Koror water supply system receives its freshwater from the Ngerikill River and from
Ngerimel dam.
The Ngerimel Reservoir, formed by a concrete structure of approximately 6 meters high
(see photo’s below) holds approximately 20 million gallons of water and the catchment
consists of forest vegetation dominated by trees, shrubs and grass. The intake is located
at a dam situated in a valley surrounded by hills. The catchment is fairly well protected
and there is minimal human activity within the catchment area benefiting water quality in
the reservoir.

DRR Palau Mission Report

14 October 2016

- 13 -

Figure 3 Field visit 2016, photos of the Ngerimel dam

Water of the reservoir is piped (gravity-fed) to the water treatment plant, where four
million gallons are treated and distributed daily. Without additional run-off into the
reservoir of the catchment feeding the lake, it would take only 5 days to empty this
reservoir.(see photo’s below full (left) and empty)

Figure 4 Field visit 2016, photographs of Ngerimel reservoir

PTotal production has been estimated at4 million gallons per day (1 million gallonsNgerikill river, 3 million gals from Ngerimel dam), and previous studies estimated current
production to be somewhere close to design capacity of the reservoir (no bulk metering
available).
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Figure 5 Existing water supply infrastructure

A total of approx. 4 million gallons of water per day is fed into the Koror/Airai water
treatment plant located in Airai State. One million gallon of water is pumped to the
treatment plant from the Ngerikill River while the remaining 3 million gallons is gravity
fed into the treatment plant from the Ngerimel Dam.

Figure 6 Photographs of the Koror/Airai WTP, field visit 2016

Water from both intakes is collected in a chamber called the wet well. Alum, lime, and
activated carbon are added at the wet well and then pumped into a series of clarifiers for
the removal of suspended solids. The sludge from the clarifiers is diverted to a series of
drying beds. From the clarifiers the water is then divided into a series of five automatic
Gravity Valve-less (AVG) filters.
Filtered water is collected in a separate chamber called a clear well. At the clear well,
water is chlorinated before distribution. Treated water pumps (4 older ones and 2 new
ones) pump the water into the Airai and Koror system.
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River intake, pumping station, reservoir dam and WTP appear to be in moderate
operating conditions, where facilities could benefit from rehabilitation/refurbishment
especially where mechanical/electrical equipment is concerned. Infrastructure is of
different age, whereas the latest refurbishment appears to be from the mid 90-ies (20
years ago).
The Koror-Airai system supplies water to the Koror and Airai states through a gravity fed
distribution network. Some households supplement the reticulated supply with rainwater
catchment and also have holding tanks. There are five storage tanks located along the
distribution system to create head pressure and act as storage tanks.
The transmission and distribution system is now undergoing major refurbishment under
the JICA project, including the re-establishment of 5 separated distribution zones, fed
from dedicated high level reservoirs.
During dry periods the Ngerimel reservoir runs dry and the pumping station at the
Ngerikil River becomes the only source. PPUC has attempted to augment this partial
supply by reactivating a network of existing wells. Although this has not led to large
quantities of extra water, this experiment has also given useful information on estimated
groundwater availability for future development.

Figure 7 Photographs of existing Wells, field visit 2016

2.3

Water resources status, quantity and quality

2.3.1 Water demand assessment
Both the KASP (Koror Airai Sanitation Project) and KAWP (Koror Arai Water Supply
Project) have reviewed existing and future demand patterns. There is a number of
criteria that define the extent of future water demand:
-

Total population, including visitor’s numbers.
Palau’s population is expected to grow only moderately. Visitors numbers have
increased substantially in recent years, and projections on future growth vary in
extent, but there is consensus that tourism is expected to increase further. In terms
of water demand (residential and visitors), commercial and institutional can be
combined in ‘effective population’ where population equivalents are added for visitors
(for instance 1 hotel room amounts to 2.5 population equivalents in view of higher
water usage). In this way the KASP project has estimated Kotor’s 2036 ‘effective
population’ to be 28,500 (including allowance for non-residential use etc., as
compared to resident population 13,500).
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Table 1 Projected Population over the Planning Period, ref. JICA

Population
Area

2011

2015

2020

2025

2030

2036

Koror

12,500

12,750

13,000

13,200

13,350

13,500

Total Palau

20,660

21,180

21,840

22,530

23,230

24,100

-

-

Per capita demand
The per capita demand in Palau is very high. In recent years PPUC introduced
metering and increased water tariffs, expected to result in lesser consumption. The
KAWP conservatively estimates the per capita demand at the existing 68 gallon per
person per day (some 257 lpcd). In our opinion this is conservatively high, and true
consumption could be expected to drop to lower levels;
Non Revenue Demand
Leakage and wastage in Palau water supply is very high. This may be partly
attributed to an aging system with pipelines stemming from the Japanese (up to
1940-ies) and US (typically 1960-ies) periods. A substantial amount will be replaced
under the ongoing KAWP and KAWP therefore estimates the NRW proportion to drop
from present 48 % to 32 % in 2020 and further reduction aimed beyond 2020.

In summary, KAWP estimates maximum required daily production to drop from present
3.95 MGD to 3,31 MGD in 2020.
In our tentative water resources assessment it is fair to conclude that PPUC does not
need additional production capacity. However, the 2016 drought has clearly revealed that
PPUC needs alternative water resources to supplement its production capacity during
periods of drought.
2.3.2 Water resources assessment, quantity
The occurrence and effects of droughts

Rainfall in Palau is generally plentiful throughout the year (see figure 8). The average
monthly precipitation is 12.2 inches with approximately 8 inches during March, the driest
month.

Figure 8 average monthly rainfall, Palau ref. ADB

However, every few years Palau is affected by an El Niño year which, due to climate
change, is becoming more extreme. The trend in observed annual rainfall since 1975
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shows a decrease of 0.24 inch per year due to climate change (see annex F). El Niño
events occur fairly regularly, but each is unique in the degree to which they influence
rainfall patterns. According to the USDA, there have been 10 documented El Niño’s
between 1980-2013, with an average occurrence of one every 3.5 years. The rainfall
figures do provide insight into the occurrence of the worst droughts that resulted in water
shortages. The most recent being in 1973, 1983, 1998, 2010 and 2015/2016 with an
interval of 10, 15, 12 and 5 years respectively.
The most recent El Niño event hit the Asia-Pacific in mid-2015, bringing with it a severe
drought that affected several countries in the region including Palau. In March 2016 the
water supply situation in Koror had become very critical. With little rain over the
preceding few months, Palau Public Utilities Corporation (PPUC) had to put water
rationing programs into effect for Koror and Airai States. PPUC issued a public
announcement on March 12 saying that the Ngerimel Dam had run out of water and the
Ngerikiil River was very low. Residents did not have water for 14 hours every day. Water
was supplied only from 5 a.m. to 10 a.m. and 5 to 10 p.m. In hotels this was reduced to
two hours in the morning and two hours in the evening.

Figure 9 water rationing in the hotels, field visit 2016

The water hours allowed PPUC to fill and maintain water levels in all the distribution
tanks in Koror and Airai to ensure a supply of water at the scheduled hours. Other states
in Palau had also been on water rationing, already weeks before Koror and Airai.
Ngarchelong, Ngaraard, Aimeliik and Peleliu were also on water hours.
According to a drought information statement from the National Weather Service in Tiyan
/ Guam early March, while the island has moved away from the peak of the El Nino
event, “rainfall would likely be below normal over the next two months.” Palau had
slipped into an extreme drought category – level 3 of 4. “Cumulative rainfall for Koror
over the past four months was the lowest recorded since 1951 at 17.65 inches” (usual
Nov-Feb 4 month average 42,80 inches), said a March 3 statement from the weather
service in Guam. The El Nino situation improved by May, however adequate measures
are still needed to prevent re-occurrence of these events.
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Drought and high temperatures had also impacted Palau’s tourism: in the famous
Jellyfish Lake the jellyfish population declined to almost zero since early 2016. On April
20 it started to rain, however a drought report from Guam issued at the end of April
stated that while the strong El Nino was weakening, but that development of La Nina
might still be felt by the end of the year in Micronesia. In order to prevent the above
described economic losses, action has to be taken to tap sufficient reliable sources of
water.
River flow predictions

The figure of 4 MGD has been taken as the design figure for water demand for the years
to come (see paragraph 2.3.1). Under average weather circumstances these quantities
can be supplied from the Ngerikill river and through the existing infrastructure, however
shortages of approximately 1 MGD do occur with intervals of 5 to 10 years. These have
major economic consequences as after such droughts and interrupted water supply, a
siginifcant drop in tourism numbers can be measured .
Babeldaub island is almost entirely volcanic, generally overlain by 10 to 20 feet of
residual clay-like soil. These soil characteristics in combination with rainfall intensities
result in the island being very sensitive to droughts. Based on the gauging stations of the
U.S. Geological Survey (USGS), surface runoff accounts for 60 to 73 percent of the total
annual rainfall (Nance, T. 2000). Only a small percentage of rainwater infiltrates the soil
to build up a groundwater body, resulting in a very low base flow in the rivers during dry
periods.
According to a technical study performed by the ADB in 2009, none of the surface water
sources in Aimeliik State (north-west of Airai) nor other streams in Ngatpang or Ngchesar
alone could provide 1 MGD in times of low rainfall. This conclusion was based on the
USGS gauge station data from varying periods as summarised in the table below. Flow
recording ceased at all sites in Palau in 2005 (for reasons of malfunctioning equipment
and lack of staff commitment and capacity). For locations without gauge station data,
ADP made rough flow estimations by adjusting for drainage area. Calculated minimum
discharges with a return period of 25 years (T25) have been visualised in a map in figure
10. These T25 low flows are for the current climate. As mentioned earlier rainfall volumes
are decreasing (average 0.24 inch/year) and the impacts during el niño years are
becoming more extreme.
Table 2 USGS gauge stations

Station no.

River name

16890900

Tebecheding

Drainage area
[mi2]
6.07

16891200
16891300
16891310

Ngerimel
Edeng
Kmekumel

0.77
4.26
1.44

16891400

South Forl
Ngerdorch

2.44
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Period of Record

T25 minimum
flow [MGD]
1997-1999, 0.67
2004-2005
0.15
0.63
1992-1993, 0.22
1999-2000,
2002-2003,

1970-1994,
2000-2003,
1969-1978
1969-1982
1978-1991,
1997-1998,
2000-2001,
2004-2005
1971-1991, 1991-1992
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Figure 10 map of study area with flow estimations

To determine whether there are any other potential intake locations, a GIS computation
of drainage areas for all the rivers was made by the DRR team. From these results two
new potential intakes were found, namely:
- Tebecheding river (0.91 MGD) & Ngerderar river (0.25 MGD)
Approximately 0.4 miles downstream of the USGS gauge station and the ADP flow
calculation point a new stream connects with the Tebecheding river, increasing its
drainage area from 11.96 km2 to 16.3 km2. When adjusting the T25 discharge
calculation (ADP, 2008) for the increase in drainage area a new low flow of 0.91 MGD is
determined. Combining an intake at this location with the Ngerderar river could
potentially supply 1.16 MGD.
- Ngerdorch northern fork (1.85 MGD)
The USGS gauge station for the Ngerdorch rivers southern fork showed T25 low flows as
low as 0.4 MGD. The Northern fork has however not been considered, while its drainage
area is up to four times larger. Although the site has not been inspected, a freshwater
site is assumed at the location of the old river gauging site 891430. The stations data is
not available at present but an estimation, based on the southern fork flow-area relation,
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adjusted for the increase in discharge area, gives a T25 flow of 1.85 MGD. A report from
1986 by Tom Nance indicated a T5 flow of 3.1 MGD.
See annex F for a map of the potential intake locations. The above options are based on
rough estimations and need further confirmation through detailed study (see annex C for
the ToR).
Fresh groundwater availability

The most recent groundwater data available is from pumping tests performed by the ADB
in 2008. Old wells in the area between the Ngerimel and Ngrikill rivers, which were
installed in the 80s and 90s, were used to provide some indication of the lower bound
potential yield of the area. These pumping tests indicated a likely sustainable yield of 25
to 60 gpm. In their conclusions the ADP predicts a yield increase up to 100 gpm if new,
deeper wells are installed. Furthermore the ADB predicts a yield of 1 MGD if 10 pumps
are installed, each 300 meters apart.
The ADB conclusions are based on two important assumptions:
-

Deeper wells will provide higher yields;
10 wells produce the same yield as 10 x 1 well (wells do not impact each other).

The studies show that there is fresh groundwater available, however the conclusions may
be somewhat optimistic due to these assumptions. There is no scientific ground for these
assumptions, which could imply more wells are required to attain adequate capacity.
Furthermore, no information is available on the sustainability of the yield in the long
term. It would be interesting to extend their research to include more information on the
groundwater recharge rate and more detailed information on the possible heterogeneity
of the well field geology.

2.3.3 Water resources assessment, water quality
With the current system maintained, the quality of water available is likely to be
adequate except for the extreme dry periods. Although when water levels drop and
organic material in the lake starts decomposing, treatment becomes a challenge.
In terms of raw water quality and process technology, our findings may be summarized:
-

-

-

Both the raw water from the Ngerikill River and from Ngerimel dam is of suitable
quality for water supply. During (heavy) rainfall the turbidity rises, complicating the
treatment and requiring more frequent backwashes;
The conventional water treatment in place (alum/lime coagulation/flocculation,
lamella clarification, sand filtration and chlorination) is appropriate to the situation.
The dosing of PAC (Powdered Activated Carbon) is suitable to control taste and odour
that may stem from (particularly) the dam water at (particularly) low flow
conditions;
Where alternative options have been considered (enhancing existing sources, tapping
from adjacent watersheds, or supplementing from groundwater well field) there
appear no technical or water quality objections to blend the alternative sources into
the feedwater of the existing WTP.
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2.4

Outline of options and measures of Koror water supply improvement

In view of previous studies, and after thorough discussions with PPUC management we
identify a number of options to increase Koror’s water supply resilience during extended
drought periods:
-

Increasing the raw water storage buffer;
Tapping into an additional watershed adjacent to the existing water resources;
Optimizing the Ngerikill River intake to benefit from an extra river tributary;
Development of groundwater resources;

2.4.1 Increasing the raw water storage buffer
The raw water storage could be increased by constructing a higher dam at the Ngerimel
catchment. In view of the limitations of the existing buffer (20 MG storage only
representing 5 days of max production), the moderate extension potential, and the
substantial investment (reported at 25 MUSD) this would not be the best option.
We have been unable to review in detail options of alternative storage locations as
indicated by project TA 4977 (see below figure) but in our opinion cost-benefit ratio is
expected not to be very favourable (substantial investment needs, for moderate capacity
improvements, combined with substantial environmental impacts). On the other hand, a
large dam may have potential to generate hydropower that could reduce operating costs
and provide additional benefit.
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Figure 11 Possible dam sites according to ADB supported project T 4977

2.4.2 Tapping into an additional watershed
There are several catchments in the area of a size comparable with or larger than that of
the Ngerikill River. If only ‘run of the river’ extraction is considered, the effects on the
environment are likely to be limited. The diversion of the low flows would only be once in
approximately 10-15 years and the works to create an intake to pump from are limited.
The catchments that could be considered as source are the Tabecheding at the West side
of the island and Ngerdorch at the Eastern side.
From information collected by earlier ADB projects this solution would not provide large
quantities of water at the time when it is needed because all catchments have minimal
flows during the dry periods. Two potential intake routs may supply the necessary 1 MGD
needed:
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1. A combination of two new intakes from Tebecheding and Ngerderar rivers give a
total of 1.16 MGD. The indicated Tebecheding intake is about 8 miles from the
WTP, following the main road;
2. Intake in the northern fork of the Ngerdorch river provides 1.85 MGD and is about
8 miles from the exiting river intake from the Ngerikill river.

Figure 12 potential intake locations with once every 25 years return period (T25) low flow estimations.

The above map shows rough calculations of the low flows with a return period of 25
years. These calculations need further confirmation through detailed study and indicated
intake locations need to be checked for accessibility and water quality (see annex C for
the ToR).
Costs for such solution would be in the order of (indicatively) USD 1.5-4M depending on
lay out (permanent to makeshift), distance (source selection), tie-in to existing system
(location and makeshift/permanent) and size/capacity. Both the potential (projected base
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flow during drought conditions), the preliminary design options, and budget estimates,
deserve to be explored further.

2.4.3 Optimizing the Ngerikill River intake
The Ngerikill River intake is facilitated by a downstream weir. Just at the weir, an
additional tributary is joining the river, reportedly having base flow (dry season)
comparable to the main tributary. During the latest drought the tributary discharge could
not be abstracted at the intake for unclear reasons: siltation of the creek and/or
excessive seepage through the weir. In our opinion, refurbishment of the intake/weir
arrangement would constitute an attractive quick win measure where base flow
abstraction can be (substantially) increased.

2.4.4 Development of groundwater resources
Upon previous droughts in 1983 and 1997 groundwater development options have been
explored, and in 2009 groundwater development was incorporated in an integrated ADB
water supply improvement programme. The proposed development has not yet
materialized, but there are some reasons to consider this option favourably:
-

-

-

-

Groundwater as a back up (=not exploited during normal operating conditions, but
preserved for drought conditions) would constitute a true alternative to watershed
based options (=2nd anchor). During drought conditions, groundwater buffered in
aquifers may provide a welcome contribution to water supply capacity;
Investigations in the 80-ies and 90-ies presented moderately encouraging results,
where wells could be expected to supply sustained yields of 50-100 gpm. (These
results may however be too optimistic and need to be investigated further);
During the 2016 drought several existing wells have been retrofitted with pumps for
emergency surplus supply with encouraging output (considering the old, and unused
status of these wells;
Several villages have (off grid) water supply systems based on boreholes with
acceptable sustained yields.

From previous reports, proposals may be derived to develop a well field with a capacity
of, say, 1 MGD. While this would not constitute a replacement of existing capacity, it
would surely dampen shortage conditions.
Preliminary Design of a Wellfield
From: Technical Assistance Republic of Palau: TA 4977-PAL Preparing the Babeldaob
Water Supply Project, Project Number: 40122 July 2009
1.
Firstly, it is considered that the drilling equipment and expertise presently
available in Palau is not adequate to construct good quality water wells. In this geological
formation a large rotary percussion drill rig using compressed air to lift the cuttings
would be appropriate. Such a rig would be able to drill a 25 to 30 cm dia. bore down to
30 to 40m depth in a few hours and the entire well installation would take a day or two.
This equipment and the operating expertise would need to be imported from Guam,
Philippines or Hawaii.
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2.
Such a larger diameter deeper well penetrating at least 20 to 30m into the
confined fractured rock aquifer would be expected to have a sustainable yield of at least
300 m3/day and up to 500 m3/day, compared to the 150 m3/day of the test well.
3.
At a yield per well of 300 m3/day 13 wells would be required, whereas if the
average yield was 500 m3/day then 8 wells would be required. It is therefore considered
that a wellfield comprising about 10 wells would be required to meet the periodic
requirement of 1 Mgpd during drought periods. It may be prudent to install one or two
additional wells whilst the drilling equipment is present in Palau.
4.
As the length of the Ikoranges and lower part of the Nkerikiil valley is about
3000m it would be possible to space 10 wells up to 300m apart, however this may mean
that the ‘zone of influence’ of the wells overlap, although the drawdown beyond 200m is
not expected to be very large.
5.
In addition to the drilling of the wells it is recommended that a series of 6”
diameter observation bores be drilled and fitted with PVC standpipes to enable
monitoring of drawdown during pumping operations.
A series of about 10 new
monitoring bores, plus retrofitting of 3 or 4 existing bores is considered appropriate.
6.
Although the wellfield will only be required for operation reasons for a few months
every 10 years or so, it is recommended that the system be used for a few days up to a
week every few months to ensure that it is working properly and will do so when
absolutely needed. The most appropriate time may be following heavy rainfall periods
when the surface water being pumped from the Nkerikiil River is quite turbid. This would
ease the pressure on the treatment works in terms of sediment management and
chemical dosing and may even result in some economy in the operations.

2

Development of Water Supply Wells and associated Water Source
Works

USDx1000

2.1

Development of 13 production wells

280

2.2

Land acquisition

100

2.3

Access roads, fencing, standby power and electricity supply

450

2.4

Supply & installation of pumps, pump houses, meters and pipework
connections to existing raw water pipelines

528

2.5

Improvement to intake, standby pump, bridge at dam, production
meter and by-pass line

143

Total for Development of wells

1501

2.5

Financial and economic assessment

Providing additional sources aims in the first place at avoiding human suffering to the
clients of PPUC and the population of Koror and Airai at large for lack of drinking water.
Furthermore the tourist industry will be affected if no action is taken. As no detailed
design is available, the costs of the various alternative ways to increase resources can
only be estimated roughly as given above. The justification for making these
investments would be to forego losses due to reductions in tourist numbers. which would
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certainly lead toan economic loss of millions of dollars.
As mentioned earlier, option 1 (10 wells) and option 2 (additional off-the-river intakes)
seem a necessity which would involve limited investments. However, when looking at the
construction of storage dams, the cost benefit ratio at first glance seems less obvious.
For the capital cost of water sanitation infrastructure (depreciation and interest cost) a
factor of 7,7% is often used.
The average lifetime of the infrastructure is assumed to be 30 years; the lifetime of the
concrete components may be longer, while the electric and mechanical components face
a shorter lifetime.
The assumed interest rate is 6,5%, the (real) interest rate charged for example by the
World Bank to development countries' public institutions during the last decade (20062014) ranged between 4.5 and 9.0 % . When considering inflation in Palau,
approximately 6%, the nominal capital factor can be assessed at 12,5%.
Therefore, if a reservoir (dam) with connected infrastructure (access, pipelines, pumps)
were budgeted at USD 40M, this investment would represent annual capital cost of USD
5M.
The justification of this investment would be in foregoing a drop in tourist numbers by
the provision of sustained water supply, service also during severe drought conditions the
population of Koror as well as to Palau's tourist sector. The Palau economic damage to
tourism reputation is deemed to be potentially substantial. As an indication:
- visitor numbers are now over 170,000 per year, and projected to grow significantly;
- average stay is over 5 days, resulting in 850,000 visitor days per year (and growing!);
- while significant visitor revenue is retained in countries of origin (package operators), it
is fair to speculate that Palau linked revenue stands at > USD 100 per visitor day, or USD
85M per year (and growing);
- if reputation damage would constitute a reduction of long-term visitors by, say, 5 %,
the lost revenue to Palau's economy would be USD 4.3M per year;
A tentative conclusion: investing in dams for water storage may indeed proof too costly.
(Furthermore it must be noted that capital cost at USD 5M per annum is public, whereas
revenue loss (at USD 4.3M) is predominantly private).
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3

RECOMMENDATIONS AND PROPOSED FOLLOW-UP ACTIVITIES

3.1

Overall Scope

The water supply & sanitation situation in Koror requires urgent refurbishment, which is
currently being undertaken by GoP through PPUC projects on sanitation (ADB) and water
supply (JICA). While these programmes will contribute to structural improvements in
Koror and surroundings, the water resources development is, at present, not covered by
any ongoing programme.
The 2016 drought has, again, revealed Palau’s sensitivity to climatic conditions. The
surface water based water supply system runs into severe shortage during extended
droughts that may occur once every 10 years, where frequency may increase with
climate change.
To ensure a continued water supply under these severe drought conditions, supplemental
water sources require to be exploited. In our investigations, we have taken substantial
benefit from previous studies that have been conducted on GoP’s behalf, especially the
ADB funded 2008-2009 water supply study.

3.2

Water Resources Development Options

For a resilient water supply system for Koror, a ‘back up’ water resources option is
required. The DRR mission therefore advises:
-

-

To undertake preparatory activities for quick win improvements, specifically in
optimizing the Ngerikill River intake and ensure that the flow of both branches reach
the pumping station;
To undertake a water resources assessment in 2 phases:
First Phase:
o Incorporating and updating the 2008-2009 investigations;
o

Preparing a concrete project proposal for well field development;

o

Preparing a concrete project proposal for exploiting adjacent watersheds
by direct intake;

o

Compare cost-benefit ratio’s between both groundwater and watershed
options, and compare them with stand-by desalination.

Second Phase:
o

3.3

Build on an earlier research on dam sites (ADB supported project T 4977)
and compare the results of the first phase with the cost/benefits of adding
substantial storage by building an additional dam.

Additional Development Options for PPUC

3.3.1 Refurbishment of Water Treatment Plant
The existing WTP is suitable to its continued future purpose both in terms of process
technology and in terms of production capacity. At present the WTP is in moderate
operating condition. The latest upgrade of the WTP dates from the mid 90-ies, and
specifically the M/E equipment is recommended for refurbishment to ensure continued
operations for another 20 years. The refurbishment should be preceded by a thorough
inspection and works specification. As Koror’s water supply system depends on a single
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WTP (even though it may be supplied from multiple sources), particular attention should
be given to supply security, considering:
-

Adequate redundancy for units to be in repair or maintenance;
Hydraulic flexibility to switch between parallel treatment rains;
Effective back up power for continued supply during power outage.

3.3.2 Water resources monitoring
Our DRR assessment mission, as well as previous studies and initiatives towards water
resources review, is negatively affected by lack of suitable hydrology data. We strongly
recommend GoP to re-instate hydrology monitoring protocols, where a minimum of 5
streams should be accommodated with level /flow registering measurement. It is noted
that subsequent project initiatives rendering temporal data development are not yet
sufficiently embedded in permanent institutional framework. This implies that
measurements fade out after a limited period of time. It is a well known fact that long
term data, are a needed basis for water resources related investment programmes.

3.3.3 System approach
With the ongoing water supply improvement project the system philosophy of the
transport and distribution system will be re-instated (production  dedicated
transmission  distribution reservoirs  5 distribution zones). In a similar fashion, the
water resources system needs to be re-instated:
-

Dam  transmission treatment;
Pumping station  transmission  dam  transmission  treatment
New source(s)  transmission  treatment
Tie-in options for makeshift solutions

A keen review needs to be conducted to ensure the optimum use of existing
infrastructure, to enable maximum flexibility and to minimize investments for new
source(s).

3.4

Timeline & Planning Follow-up

It must be noted that the urgency for alternate water resources development comes with
the occurrence of droughts (response). Droughts in 1983 and 1997 have triggered
initiatives that have not been subsequently followed up. In view of Palau’s tourism
industry, it is recommended to ‘be prepared’. In this perspective it is recommended to
now proceed on alternate water resources development. In indicative framework could
be:
-

Project identification and fund allocation during 2016;
TA on water resources assessment and project proposal preparation during 2017
(USD 0.5M);
Alternate water resources development accommodating for alternative water
resources between 1-2 MGD during 2018-19 (USD 5M) or 2018 – 2022 (USD 25M) in
case of dam construction.
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For other development options, timelines could be established as follows:
-

-

3.5

WTP refurbishment could be assessed within 6 months and executed in 18 months,
possibly over a 2016-2019 framework;
Water resources monitoring could be set up in a period of 9-12 months (including
mobilizing and installation of instruments) and would only be sustainable subject to
firm institutional embedding within GoP;
System approach should be part of the water resources development programme
and run in parallel in the same time frame.
Financing

The extensive review of funding perspectives is beyond the scope of this DRR Mission.
Some notions that we wish to share:
-

-

-

GoP will need to continue its strategies to ensure sustainable performance of PPUC:
increasing tariffs, reducing NRW levels and improving O&M practice. Regional
examples show evidence that GoP could aim for a self sustainable water supply &
sanitation sector. Ultimately this will imply that PPUC could fund its alternate water
resources development initiatives. In the short run of this proposed programme
(within the coming 5 years) this will not yet be attained;
The funding need concerns project preparation (indicative budget USD 0.5M) and
implementation (indicative budget USD 5M, ranging from USD 2-25M depending on
options);
Palau is affected by the El Nino phenomena which brings Palau in incidents of
extended severe droughts. The water resources development project aims at
increased climate resilience of Palau’s water supply service. The water resources
development programme may fit the Green Climate Fund criteria, and GoP is
recommended to explore this funding route.
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ANNEX A – DRR-TEAM
Dutch Risk Reduction Team: reducing the risk of water related disasters

Many countries around the world face severe water threats. Often, these countries are in
urgent need of expert advice on how to prevent a disaster or how to recover from a
calamity. For instance, when a country has been struck by severe floodings and the first
emergency relief workers have gone, the need for advice on how to build a sustainable
and safer water future arises. To meet these needs with a swift response, the Dutch
government has initiated the Dutch Risk Reduction Team (DRR Team). This team of
experts advises governments on how to resolve urgent water issues related to flood
risks, water pollution and water supply, to prevent disasters or to rebuild after water
related disasters. With climate change and a fast growing world population, water issues
are becoming more urgent. As a country renowned for its’ expertise on water and delta
management, the Netherlands feels a responsibility to share its’ knowledge worldwide.
That is just what the DRR team does; sharing expertise with governments to come up
with the best possible approach/solutions for tackling urgent water issues. Because of the
unique cooperation between government and sector, the best experts can be fielded
quickly. The Dutch government offers a specific number of advisory missions each year.

Advice for all water issues

The Netherlands has brought its best water experts together in the Dutch Risk Reduction
Team. It consists of high level advisors supported by a broad base of technical experts
who can provide top quality and tailor made expertise to governments that are
confronted with severe and urgent water challenges. The Dutch are experts in adapting
to water in a changing world; from delta management to water technology, from urban
planning to governance, public private partnerships and financial engineering.

How does the DRR team work?

Governments that have to deal with an urgent water issue are encouraged to contact the
Dutch embassy in their region. The embassy will liaise quickly with the Dutch
government. Interventions will only take place after a request from a central government
has been received by the Dutch government, and after a recent calamity or to prevent a
threatening disaster. The DRR team does not focus on emergency relief, but on
sustainable solutions. If the decision to respond to the request is made, relevant Dutch
experts will be rapidly fielded to the area that is under pressure. Together with the
government and local experts, the situation will be assessed and analysed after which
the team will come up with a set of recommendations. For example advice on technical
interventions including immediate measures and long term sustainable solutions, advice
on governance and advice on financing options. The DRR team enables a foreign
government to take action on the basis of sound advice and expertise.
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ANNEX B – TEAM MEMBERS
Team Leader:

Sjef IJzermans

Senior Expert Water Supply:

Fred de Bruijn

Senior Hydrologist (back office):

Herman Mondeel / Marianne Tijs
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ANNEX C – TERMS OF REFERENCE
INTRODUCTION

An official request for support from the DRR-Team was sent to the Dutch Government on
May 3 2016 by the Palau Public Utilities Corporation.
Palau is currently experiencing the effects of a long spell of drought, which directly
affects the water supply and associated water resource management. A reliable water
supply is crucial for the local population and tourism industry.
Further specifications are provided in the following chapters. Please see Annex A for
further background information.
MISSION SPECIFICATIONS

A. Scope

These Terms of Reference (ToR) concern a scoping mission to investigate and study the
options of new or improved water resource management including access, infrastructure,
availability and water supply. As the majority of the Palauan population is living on the
islands of Koror and Babeldaob (specifically the state Airai), this will be the general focus
of the mission.
B. Objectives

The team leader and one expert will provide technical assistance to the Palau Public
Utilities Corporation with advice on:
-

Drinking Water Supply (stabilization of resources under extreme climate impacted
conditions);

-

Water resource management (availability, system integrity and improvement options)
and alternative water supply sources;

-

Assist the requesting country in the assessment on prolonged effects of long droughts
on water resources and infrastructure;

-

Long-term impacts of climate change on water availability & resource management
and how to more effectively anticipate droughts;

-

Provide input for a terms of reference document for a detailed study on the possible
sources for the water supply of Koror, Airai and Babeldaob, to be used by Palau for
the procurement of external / international funding;

-

The overall water supply system of Koror;

-

Recommendations for potential alternative sources to add to the present sources of
water supply of Palau.
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EXPECTED RESULTS

A. Activities

Desk review (only for team leader):
-

Review of available documentation on Palau Water Supply (Assessment of what is
available has been discussed during recent visit by Mr. IJzermans to Palau)

-

Review of available documentation on the disaster situation

During the mission:
-

Visits to various stakeholders such as:
·

Kione Isechal P.E.
-

·

CEO/ General Manager Palau Public Utilities Corporation

Singeo Franz
-

-

Logistic Officer for NEMO

Identify possibilities for financing

Deliverables:
-

Report writing (as specified in section 3b)

-

Post-mission debriefing with DRR coordination team.

-

Sector meeting (to be determined by DRR-Team) after the scoping mission to share
the findings of the scoping mission and explore the interest of companies in the Dutch
water sector.

B. Output / Deliverables

As a joint effort of the team of experts the mission has to result in the provision of the
following reports:
-

Report for the requesting authority: A report with a description of conducted
activities, including well-defined sustainable measures, findings and recommendations
for the requesting authorities on how to take measures as a response to the critical
situation. This report should include an overview of the persons that have been
contacted and activities that have been conducted. In addition, this report should
include (general) possibilities for financing. The report should be delivered within one
month after the mission.

-

1-2-Page Update (within 2 weeks of end of mission) to be published for Dutch
private sector.

-

Opportunities for Dutch Water sector document

With regards to the reporting, the following standards are maintained:
-

The findings and recommendations shall be presented in a reader friendly and
professional manner and may include illustrations and photos;

-

An electronic version of the final report along with all the relevant annexes;
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-

An executive summary of the study of maximum 2 pages, which can be used for
publication on websites of EKN and RVO.nl/drrteam.nl;

-

Representative(s) of the expert team should be available to present the findings
during a (sector) meeting in the Netherlands.

-

All reports and communication will be in the English language, including a
management summary.

REQUIRED EXPERTISE

It is proposed that the scoping mission consists of 1 Dutch team leader, and preferably 1
expert from the water sector. The required expertise is as follows:
-

Team leader and expert in integrated / adaptive water management, water quality
management, disaster risk reduction.

-

Expert on water supply and technology, water resource management. The expert
needs to have knowledge on catchment and discharge modelling, long term reservoir
management, drinking water.

-

OPTIONAL:
·

Additional valuable skills: technical expertise, engineering experience in water
treatment / water quality and water supply.

Selection of experts:
-

The team leader will be selected based on expertise regarding integrated / adaptive
(climate-change proof) approaches to water challenges, disaster risk reduction, water
supply and sanitation, and relevant experience in the requesting country.

The expert will be selected based on expertise regarding water supply and technology,
water resource management, catchment and discharge modelling, relevant experience in
the requesting country.
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ANNEX D – MISSION PROGRAMME
6 August

-

7 August

-

8 August

-

9 August

-

10 August

-

-

11 August

-

12 August

13 August

-
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Arrival Team Leader Sjef IJzermans
Acclimatization, reconnaissance and literature review
Meeting with Xavierr Matsutaro on climate relevant issues and
concepts
Arrival Water supply Expert Fred de Bruijn
Acclimatization, reconnaissance and literature review
Due to miscommunications our schedule was not fully effective.
Reconnaissance and literature review. Initial system assessment
and quantifications.
Teleconference with State Minister Billy Kuartei who welcomed
DRR mission, and confirmed GoP commitment to water resources
development. He promised to facilitate our liaison with relevant
Palauan stakeholders.
Visit to PPUC head office to seek liaison.
Visit to PPUC operations office, meeting with CEO Kione J. Isechal
P.E. and Technical Officer Anthony Rudimch
Lunch Meeting with State Minister Billy G. Kuartei
Brief meeting with David Deng Okl, activity mgr PPUC
Meeting at JICA Office with Mr. Miyata Nobuaki, Resident
Representative
Meeting with Xavierr Matsutaro on relevant climate statistics
Meeting with Zena K. Rengulbai (Environmental Outreach Officer)
and Metiek Kimie Ngirchechol (Laboratory Supervisor) both from
the Environmental Quality Protection Board
Meeting with Peter Clark, Advisor to PPUC on Water & Wastewater
Meeting with Kione J, Isechai CEO PPUC
Meeting with Michael Chapman, (deputy) team leader KASP
Meeting with Richard Basiya, PPUC technical mgr, and
reconnaissance field visit to Koror Water supply water resources
and WTP infrastructure
Meeting with Jon Vogt, principal of Melekau Environmental
Consulting.
Experienced consultant with long track rexcord in Palau, including
2008-2009 ADB water supply study
Meeting with PPUC Technical Officer Anthony Rudimch
Brief Meeting with Michael Chapman, (deputy) team leader KASP
Reporting in PPUC Malakai Office
Dinner Meeting with Xavier Matsutaro
Most of the day was spent reporting, with quick liaisons to various
relevant experts.
Afternoon wrap up with PPUC Technical Officer Anthony Rudimch
Evening return flight Sjef IJzermans
Rest Day
Night return flight Fred de Bruijn
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ANNEX F – HYDROLOGY
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RAINFALL DATA

WSO RAINFALL DATA
[INCHES/MONTH]
Rainfall
Year

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Year
Total

1975

17,29

2,82

6,69

10,00

9,01

16,24

22,86

8,28

17,24

11,52

11,18

21,10

154,23

1976

7,80

7,27

8,05

20,09

8,66

5,91

8,08

16,64

7,72

12,49

6,30

16,54

125,55

1977

5,18

5,30

3,60

4,48

11,36

11,15

20,72

19,20

12,65

10,63

7,38

7,79

119,44

1978

10,34

22,46

6,02

8,98

12,52

16,04

9,13

20,36

10,85

20,06

17,66

10,33

164,75

1979

6,98

6,47

7,96

27,69

11,26

22,84

17,79

11,69

12,29

11,97

11,57

11,57

160,08

1980

8,72

16,01

5,53

18,80

10,02

19,50

12,40

15,26

13,60

17,11

12,17

19,95

169,07

1981

11,32

15,00

4,49

3,00

9,66

29,17

21,14

6,89

16,70

14,30

11,37

9,81

152,85

1982

5,79

6,81

9,90

9,45

19,12

22,41

19,40

10,94

1,04

8,82

9,92

13,71

137,31

1983

3,44

0,64

1,71

3,12

5,73

18,48

21,20

17,96

11,73

14,23

11,40

10,48

120,12

1984

18,57

10,81

13,58

7,23

10,85

16,49

12,82

17,47

10,39

15,94

9,19

9,42

152,76

1985

13,22

13,88

5,38

11,82

10,41

25,25

17,55

14,32

23,16

8,64

13,61

6,28

163,52

1986

11,10

16,60

8,33

3,49

12,24

17,16

26,15

13,09

10,21

15,92

17,97

9,06

161,32

1987

9,12

5,94

6,10

4,74

15,32

19,60

28,23

33,11

4,21

12,75

10,88

8,72

158,72

1988

7,14

7,83

6,22

6,18

14,30

21,88

14,90

14,39

12,34

20,05

15,05

21,04

161,32

1989

12,99

12,66

11,31

7,41

16,39

17,33

21,97

17,81

5,54

13,07

9,54

5,96

151,98
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WSO RAINFALL DATA
[INCHES/MONTH]
Rainfall
Year

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Year
Total

1990

5,09

3,83

11,74

7,00

11,72

33,83

19,84

10,34

15,18

11,96

20,71

1,49

152,73

1991

24,16

5,46

17,72

10,34

9,37

12,79

31,58

13,73

21,16

7,81

7,79

12,25

174,16

1992

8,28

2,74

4,88

2,46

9,76

15,73

14,94

17,46

8,15

15,48

5,34

17,25

122,47

1993

9,25

10,49

9,46

14,67

6,72

18,47

11,85

8,61

11,81

8,68

9,24

9,63

128,88

1994

7,29

5,08

13,41

7,83

12,34

19,94

16,98

16,48

4,75

3,72

7,22

7,08

122,12

1995

15,10

15,22

10,75

2,59

16,71

11,39

10,13

13,43

15,57

15,16

15,87

18,32

160,24

1996

12,06

9,20

5,57

18,49

16,85

11,05

15,10

7,33

15,85

10,91

9,32

14,99

146,72

1997

8,34

27,13

9,10

6,44

4,61

18,14

9,18

4,59

10,33

11,56

4,17

11,35

124,94

1998

4,72

2,40

0,50

2,17

9,16

17,62

7,52

10,16

10,09

19,05

17,43

13,57

114,39

1999

24,83

6,44

19,24

14,70

10,66

11,93

18,33

26,00

8,00

5,88

9,51

16,37

171,89

2000

13,16

20,17

6,63

12,71

9,32

11,95

20,38

17,16

3,10

13,49

14,27

18,87

161,21

2001

6,21

11,93

7,15

13,27

13,86

22,53

21,77

20,38

9,30

14,48

11,69

15,76

168,33

2002

12,57

4,50

9,60

6,04

14,13

27,39

8,09

11,97

8,73

8,70

13,01

6,07

130,80

2003

8,88

1,48

7,65

8,82

17,52

13,90

25,03

13,57

23,67

11,82

13,38

19,53

165,25

2004

7,02

16,94

6,49

3,33

17,21

20,73

18,73

3,94

7,68

7,92

8,59

6,47

125,05

2005

11,39

1,03

7,23

8,56

19,51

15,02

25,70

13,16

18,16

11,87

17,58

17,54

166,75

2006

21,43

7,93

10,73

8,85

10,27

16,49

19,62

17,14

17,46

10,73

5,41

10,97

157,03
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WSO RAINFALL DATA
[INCHES/MONTH]
Rainfall
Year

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Year
Total

2007

12,63

4,06

5,31

5,61

11,62

9,53

16,40

11,09

16,44

10,08

13,86

10,40

127,03

2008

11,43

9,68

5,83

9,07

18,39

18,10

9,04

14,10

16,23

18,25

17,36

11,50

158,98

2009

9,23

14,67

8,48

19,71

11,93

15,15

28,70

8,22

13,72

9,95

15,29

14,68

169,73

2010

6,88

3,61

3,44

6,62

9,68

10,35

10,54

12,81

11,95

10,49

10,94

9,29

106,60

2011

18,62

13,95

15,30

12,30

20,24

22,62

28,22

20,94

21,45

14,39

7,04

10,79

205,86

2012

3,65

10,81

9,03

8,79

14,49

16,54

16,36

13,72

13,01

9,23

7,66

11,52

134,81

2013

7,29

7,91

4,13

7,57

12,87

11,70

11,94

13,35

7,53

10,19

13,11

7,19

114,78

2014

17,27

7,79

5,08

16,38

7,45

9,91

22,45

10,40

16,10

7,45

5,85

13,14

139,27

2015

6,47

7,07

5,11

5,42

3,96

18,57

4,98

9,90

16,88

6,24

7,86

4,59

97,05

2016

2,64

2,55

2,68
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REMARK ON CATCHMENT MODELING
The mission has attempted to use rainfall-runoff models to predict low flows in the
catchments that are considered potential sources for Koror’s water supply. Based on
similar catchments in other Pacific Islands supported by evapotranspiration figures
obtained from hydrological studies in Palau. However as insufficient data were available
to calibrate the model, we concluded that such models could not be applied.
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ANNEX G - ADDED VALUE OF DUTCH EXPERTISE

The Netherlands enjoy an excellent international reputation on water management,
coastal engineering and water supply & sanitation. The Dutch involvement of the Water
Sector in the Pacific Region has recently increased by DRR activities in Kiribati, Vanuatu
and Tuvalu. There is also a good scope for Palau and The Netherlands to work together.
The SIDS Capacity Building Programmes offer Scolarships that also have been used by
other SIDS and we noted interest in some institutions in Palau. Information on the details
has also been provided to PPUC.
In this section some of joint opportunities are reflected upon:
-

The main topic in this DRR mission has been water resources development: identify
resilience options for back up sources to be prepared for extended periods of drought.
This fits Netherlands expertise in hydrology, and a Technical Assistance for both the
water resources assessment, and assistance in setting up a permanent institutional
framework could be very well resourced from NL professionals;

-

A related issue is data management. We have noted that information from historic
studies and surveys is not always readily available with present GoP stakeholders.
This is a common problem in data management. AKVO.org offers a not-for-profit
technical assistance service to provide web based data management solutions, that
have proved to be successful in many countries (including, for instance, Vanuatu).

An online communication, reporting and monitoring hub for all your projects
Implementing effective international development programmes can be hard. Especially
when it involves lots of organisations in multiple locations. Akvo Really Simple Reporting
lets you co-ordinate activities, monitor and share results, and continuously improve.
Communicate
Show the scope and range of your work on your website, or create a new site. Make it
visible, searchable and discoverable.
Report
Show your results online, export template and custom reports and share your work via
the International Aid Transparency Initiative (IATI).
Monitor
Give programme managers a structured stream of information and data about progress,
results, value for money and work flow.
How it works
Akvo RSR is an online platform with a simple user interface that lets you publish and
track information about the work you’re doing. Each project gets its own web page
showing the key facts. Teams share updates with words, pictures and video. Project
coordinators use RSR’s results framework to define objectives and indicators, monitor
and evaluate activities, create reports and publish results.
www.akvo.org
South East Asia and Pacific: Peter van der Linde +62 821 4743 0917
peter@akvo.org
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-

In Palau there are major strategy and investment initiatives. Like the ongoing KASP
and KAWP infrastructure programmes. Netherlands based consulting firms should pick
up the opportunity to participate in TA tenders that are frequently launched by GoP
stakeholders;

-

In view of annual rainfall (except for drought spells) there is only limited scope for
desalination. However, on outer island, in certain tourist development options, and for
some emergency back up, desalination may prove viable. The Netherlands has various
options available in the desalination arena.

Seawater desalination
We recognize that Palau may require seawater desalination production capacity at some
stage in the (near) future, in remote or tourist catering locations. It is our conviction that
costly and complicated desal technology should only be considered after other,
conventional options have been exhausted or are unavailable. In the Netherlands there is
a desal industry that caters different capacities and conditions. Companies like Hatenboer
http://www.hatenboer-water.com/179/records/16/brochure%20MOBILE%20UNITS%20WWW.pdf)

and Logisticon may be well catered for larger systems.
Elemental Watermakers (http://www.elementalwatermakers.com/ ) is a solar based
desal concept that is particularly suitable for remote areas, like Palau’s outer islands. In
our conviction, seawater desal may need to be considered as a final resort where other
options (RWH or well water) are not reasonably feasible or reliable. Where outer island
desal is a consideration, the Elemental Watermakers concept may prove to be
appropriate in its low-tech approach, and suitable arrangements that may include a 10year stock of common spare parts.
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ANNEX H – TOR FOR FOLLOW UP
(SUGGESTED TOR FOR MORE DETAILED WATER RESOURCES STUDY)
Although the mission has drawn up general conclusions as to the approach to be
followed, the investments to be undertaken are of such magnitude that further detailed
studies are justified. The following tekst details what steps could to be taken.
Background

In 2016 Palau was affected by a severe and extended drought which resulted in
constraints in the water supply service to Koror to the extent of water rationing.
In April the Dutch government responded to GoP request in fielding a brief
reconnaissance mission specifically focused at increased resilience in available water
resources.
The findings of the DRR mission may be summarized as follows:
-

-

-

The existing production capacity of approx. 4 MGD is expected to be adequate in the
mid-term to even long-term future. Improved operations, reduced consumption, and
decrease of NRW is expected to accommodate any demand increase from population
growth and increased visitor numbers;
The 2016 drought revealed that production may drop to as low as 1 MGD during
extended periods of severe drought. This production is insufficient to sustain an
acceptable service level to Koror and Airai. As an indicative requirement we expect
that drought production would need to be sustained at a minimum of 2 MGD.
Combined with water saving campaigns and operational measures, a minimum
production of 2 MGD may be suitable to overcome drought periods. This implies that
additional water sources for drought application are required to at least 1 MGD
additional to existing sources;
From reference documents that GoP provided we have derived 3 main strategies for
additional water resources (on top of optimizing the existing resources):
· Develop a wellfield of, say, 10 boreholes, to be reserved for specific application
during drought conditions;
· Abstract water from adjacent water sheds, to be connected to existing
infrastructure;
· Construct substantial water storage by dam development. The existing dam
provides 5 days storage. For true contribution a storage of at least 50 days is
deemed necessary;
Options 1 and 2 could be suitable for the drought resilience requirements only if
(temporary) safe yield of sufficient capacity can be confirmed. Option 3 is relatively
costly to be readily considered at an initial stage (without exploring options 1 and 2),
but preparatory investigations could be beneficial to be prepared for long-term
solutions.

These Terms of Reference respond to both initial implementation (option 1) and
institutional/data preparedness for each of the 3 water resources development options.

Objective

To increase the resilience of Palau’s water supply service by developing additional water
resources, to be specifically exploited during extended periods of severe drought.
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Results

-

preparation and phase 1 implementation of wellfield development;
institutional framework for data collection and information management on water
resources monitoring;
(preliminary) conclusions on feasible back up water resources development by
wellfield development (including phase 1 implementation), by abstraction from
adjacent watersheds and by dam development.

wellfield

Previous studies have confirmed there is potential for groundwater development. There
are, however, a number of uncertainties:
-

The preferred location in terms of aquifer potential and/or distance to existing water
supply infrastructure;
- The capacity per well, and related to that, the acceptable vicinity of adjacent wells
(area of influence);
- The sustainable capacity for a moderate period of time of, say, maximum 2 months;
- Recharge characteristics in short-term horizon (days/weeks) and longer term horizon
(recovery over years).
The assignment will need to advise on best approach both in terms of tests on existing
boreholes, in terms of suitable location, and in terms of proposed design considerations.
Based on this advice, an initial phase 1 implementation needs to be design and
elaborated.

additional surface water intake

It may be considered to tap into adjacent water sheds during drought conditions. The
assignment needs to elaborate on:
-

desk study towards optional locations both in terms of expected yield and in terms of
connection (distance) to existing infrastructure;
proposed monitoring protocol to collect data;
proposed management system to translate data collection into projections of feasible
abstraction options;
design & budget elaboration of options.

dam development

Despite investment costs involved, Palau may ultimately need to consider development
of substantial (50 days) dam stoprage. The assignment will need tO:
-

-

prepare desk study on suitable site options relative to water resources potential,
distance to existing infrastructure, environmental and land use acceptability, and
potential for multipurpose (like smallscale hydropower);
proposed monitoring protocol to collect data;
proposed management system to translate data collection into projections of feasible
abstraction options;
design & budget elaboration of options.

Output

The Technical Assistance will have the following output results:
-

Data collection and data management
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·

-

-

collection and analysis of relevant hydrological data, meteorological data,
geology/hydrogeology and land-use data, previous water resources studies (in
particular TA4977 of 2008-2009);
· identification of short-term and long-term hydrological survey needs;
· execution of any short-term hydrology surveys as required in the good conduct of
this TA;
· development of long-term hydrology survey framework, including institutional
accommodation, and institutional training sessions both in-field and in-office;
· establish an information management system for suitable collection, registration
and informative application of hydrological data;
Prepare a comparative water resources development study for drought resilient water
resources to a capacity of 1 MGD;
Elaborate 2 alternative water resources development schemes for 1 MGD each
· Prepare a preliminary design;
· Prepare a cost estimate for engineering, construction and commissioning;
· Prepare tender documents facilitating subsequent D&C procurement;
Assist PPUC in tendering and implementation co-ordination for the construction of the
phase 1 wellfield development.

Input

Effective conduct of this TA will require substantial national and international expertise.
The following input :
-

Team Leader (INT):
Junior Hydrologist (INT):
Junior Hydrologist (NAT):
Civil Engineer (INT):
Civil Engineer (NAT):
M/E Engineer (NAT):
Procurement Specialist (INT):
Draftsmen/IT/GIS (NAT):
Office support (NAT):
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