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1. Executive Summary
The Goal of the project is to expand the existing recreation area at Ngermalk Island, Medalaii
Hamlet Koror State that is commonly known as Long Island Recreational Area. This area has
been previously dredge and filled. The proposal is to further expand this recreational area with
additional reclamation of the near coastal area, an installation of recreation facilities. The
proposed Recreational Area is located in Koror State along the northeastern coast of the Malakal
fill area/Ngermalk Island/Medalaii. The site has several existing physical structures for
recreational purposes. Several open air and covered picnic spots, an access road, and recreation
areas for volleyball and parking space for visitors. There is a jetty at the northern boundary of the
site. The area has been dredged to create the existing recreational area abutting the Rock island of
Ngermalk to the west. To the southwest is the Malakal Quarry. To the southeast is undisturbed
inner reef with sand and sea grass. The East is a channel. This area has been used for recreational
purposes for many decades. In recent decades it has become a popular picnic area for residents
and visitors alike. The site was previously dredged and filled. Most of the substrate reclaimed
fringing reef with fill from dredged reef and some basalt rock. The total approximate area of
impact covers a 60 m width and extends 450 m east parallel to the shoreline covering about
27,000m2 and at least 50% or, 13,000m2 of the total area for proposed fill of previously reclaimed
reef. An area of 100 x 15 m or 1500 had 11% live coral or 165 m2 at the far southeast end that
could be avoided if stay within 12m of the shoreline. A wave breaker or jetty is 70m long and 4m
wide covering an area of 280m2 will also impact at least 28m2 of coral (10% of 280m2).
The estimate of cubic yards of coral fill is still to be determined based suggestions from EQPB.
The coral fill will be provided for by Koror State Government and licensed vendors in Palau.
There are no plans to dispose materials or wastes on site. Any wastes will be taken to the Koror
State Sanitary Landfill in Medalaii Hamlet or suggested/designated site. The project is suitable
for this site as it currently serves as a recreational. There are live coral within the footprint of the
planned jetty and along the SE coastline at 12m from shore. The location of the footings for the
jetty need to be marked and any live coral transplanted outside the construction area. All marine
habitats and coastal areas are sensitive areas to require protection and provide invaluable services
such as buffers from storms, food and habitat for organisms.
Water flow is rapid at 5m depth with surface eddies at the surface that have a longer residence
time for water. It is important that the ESC curtains are well designed and secure on site to retain
the planned fill onsite.
The water was polluted with bacteria during the morning of November 16, 2015 and not safe for
swimming. It is recommended that there is regular monitoring as we observed swimmers at the
site during most of our visits.
We observed over 122 species of plants from over 61 Families were found at or near the site
including 79 native of which seven were endemic. (Endemic means a plant is only found in Palau.
In addition to the native species, 34 introduced species including 3 unknown species. The site had
few very invasive trees and plants that should be removed especially the Adenanthera pavonina
tree. Most of the plants were weedy introduced species including Leucaena leucocephala. The
Casuarina equisetifolia tree (ngas) is common with several planted Cocos nucifera (lius) and
agroforest trees. Other trees were adjacent to the site. No endangered species were seen or heard
on proposed area of direct impact. Ngermalk Island is home to a large population of the
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endangered endemic palm Ponapea palauensis that is threatened by invasive species and requires
regular monitoring and protection with limited access.
We observed or heard birds on two occasions November 3 and 22, 2015. A mean of 83 birds
were counted representing 15 bird species from 12 Families). The birds included the following
five common endemic: Ptilinopus pelewensis (biib) Rhipura lepida (melimdelebdeb), Myiagra
erythrops (charmelachull-chesisbarsech), Zosterops finscii (chetalial) and the swiftlet
Aerodramus pelewensis (chesisekiaid). Five endemic subspecies: the honeyeater, Myzomela
rubratra kobayashii, a kingfisher, Todiramphus chloris teraokai and the starlings- Aplonis opaca
orii , citrine white eye Zosterops semperi semperi (charmbedel ), the nicobar pigeon, Caloenas
nicobarica pelewensis (laib). No endangered species were seen or heard on site however the
nicobar pigeon is a threatened species and was seen during this assessment. The threshold for
concern with a count of 14 species in 15 minutes on November 22, 2015 was attained. The area is
an important bird area based upon counts by the Belau National and other birders report at least
25 species from the Ngermalk Island area (Olsen and Eberdong 2010
We observed at least 48 species of marine fish from 23 families, 31 species of invertebrates at this
disturbed fringing reef. The area has been dredged and the substrate that will be impacted is
mainly sand and coral rubble, dead coral, boulders with 11% live coral at 12 to 13 m from shore
along the southeastern end.
Overall, the community interviewed on site and by phone was supportive of this project as they
enjoyed the Park. The concern was on the ongoing erosion of the coastline and loss of sand that
has been deposited for the beach. There was also concern about safety as there is boat traffic
especially in morning and late afternoons. A Koror Legislator was on site swimming on two
occasions and recommended enforcement of a no-wake zone.
In addition, culturally significant ancient art exists on the rock wall adjacent the site and
protecting and/or restricting access to this art is important to preserving the integrity of this
important cultural and historical site.
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3. Introduction
3.1 Identification of the Applicant
The Applicant is Koror State Government. The proposed project is to expand the existing
recreational areas near Ngermalk Islands by reclaiming and improving an existing reclaimed and
dredged fringing reef area for recreational activities.
3.2 Identification of the Environmental Assessment Company that Prepared this EA
The Environment, Inc. was founded in 1993 by Clarence and Ann Kitalong. “The environment is
our business.” Christopher Kitalong is a plant ecologist and chemist who research includes the
terrestrial ecosystems of the Koror State Rock Islands He has two MSc degrees and a PhD.
Clarence is a fisherman, hunter, master diver, and overall naturalist of his islands. Clarence was a
board member for the Palau Conservation Society. Ann is a biologist with a MSc degree in
biology from the University of Guam, a MSc degree in zoology for the University of Hawaii, and
a PhD in Business Management. Ann was coordinator for Reef Check in Palau and taught at the
Palau Community College on a part-time basis. She has acted as special assistant to the Vice
President of Palau and worked for the Office of Environmental Response and Coordination under
the Office of the President as an assistant Environment Coordinator. This team has worked
together in Palau, Guam, and Hawaii for more than 30 years. The goals of TEI are to understand
natural and man-made changes to Palau’s surroundings, develop ways to optimize the use of its
resources, and share our findings with others. To accomplish these goals, TEI assesses the
environment, surveys and monitors Palau’s resources and conducts training workshops. TEI has
helped develop National and State management plans in Palau. The Environment, Inc. (TEI) has
worked on several major projects for fifteen years that reflect relevant corporate experience in
environmental management and protection. The Environment, Inc. team has worked on both
government and non-government projects in Palau. We are committed to economic development
that is environmentally sound.
3.3 EA Process Documentation
Summary/Timetable of Activities Performed for the EA of the Project
Activity
Qualitative walks at the site =
Another site visit
Bird Count
Fish Counts
Marine transect 1-4 of sites
Water sampling
Limited Current Study
Terrestrial transects
Analysis & Write Up
Met with Koror State about further
requirements of EA

Dates
August 28, 2008
September 3, 2008
November 3 and 22, 2015
November 3, 5 and 6 2015
November 1,3 and 5, 2015
November 16, 2015
November 21, 2015
November 29 & 30, 2015
December 1-2, 2015 & January 5,8,12, 2016
December 8, 2015 & January 21, 2016

Summary List of assessment methodology used for the land-based and water-based
assessment of the project.
The Environment, Inc. conducted 5 site visits to assess existing physical and biological conditions
on site. The TEI team used digital 1983 USGS and USDA Soil and Topographic Maps, Arts and
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Culture Maps, a 1994 Site Aerial, 2006 QuickBird Satellite Imagery provided by PALARIS and
Google Earth® maps to delineate habitats including wetland areas, soil types, and cultural sites.
Terrestrial
1. Preliminary walk along the site and adjacent areas and an assessment by foot to record the
biota observed.
2. Qualitative assessment of vegetation on site photographing vegetation and generating a
checklist of species.

Marine
1. Tested water quality for coliform bacteria, pH, salinity, temperature, dissolved oxygen and
turbidity at 2 stations.
2. Limited currents measured using a 1 meter and 5 meter drogue.
3. Walked and swam at the site listing all marine species observed.
4. Set six 15-m transect line perpendicular the shore line covering 450 m2.
5. Documented substrate cover, flora and fauna for each transect.
During November 2015, Mr. Oiterong, Director of Koror State Public Works requested The
Environment, Inc. to conduct an Environmental Assessment to further improve and reclaim this
inner reef area of Ngermalk Island.
4.1 Goals and Objective
The Goal of the project is to reclaim an inner fringing reef to expand the existing recreational
areas along the Coast of Ngermalk Island. The Objective is to successfully complete all national
requirements to implement this project through the completion of an Environmental Assessment
with the following scope of work includes the following deliverables:
a) General Distribution of Habitats and Habitat map.
b) Limited water currents and water quality
c) Information on species abundance and status
d) An assessment of sensitive habitats and corridors
e) Sensitive species
f) Impacts on the site
g) Alternatives
h) Mitigation measures

6

January 23 2016

Proposed Expansion
Long Island Recreation Area

The Environment, Inc.

4.2 Location of project
The site recreational area is located at Ngermalk Island, Medalaii Hamlet Koror State, along the
northwestern coast. Refer to Figures 1 and 2 below and Site Plans (Figure 3) and in Appendix

Figure 1 Habitat Map with site extending along the coast of Ngermalk island showing extensive
dredging along the fringing reef that extends 100m from the Ngermalk Rock Island
Ikonos imagery from PALARIS 2006.

Figure 2 Closer view of proposed expansion area showing location of six marine transects dock
perpendicular to the shore. The image shows reclaimed reef along Ngermalk Island and the
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deeper dredged area are mid-way through the fringing reef with a deep channel Sky blue wavy
line is start of live coral zone at 70 m from shore. The white dots represent water samples 100 m
apart offshore and inshore. The blue dot is the end of the 1m drogues and the yellow dot is the
end point of the 5m drogues with a starting point at the water sampling station. The red dots
represent path of the surface jugs weighted with gravel set just outside the existing sediment
boom (Ikonos imagery from PALARIS 2006.)

Figure 3 Project design and concept (photo of attached design).
4.3 Total Area to be disturbed by the project
The Ngermalk site was a previously dredged and filled site with the remnants of old coral and
boulder and berms to the southeast end of the site. The total area of impact covers a 60 m width
and extends 450 m east parallel to the shoreline covering about 27,000m2 and at least 50% or,
13,000m2 of the total area for proposed fill of previously reclaimed reef. An area of 100 x 15 m or
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1500 had 11% live coral or 165 m2 at the far southeast end that could be avoided if stay within
12m of the shoreline.
There was a large stockpile of basalt gravel on site and reclamation activities with collapsed silt
net was already in place about 2 m seaward of the site. The existing substrate already consists of
boulders and coral rubble and gravel.

Figure 3b. Black indicates barrier to protect from sediment runoff and red indicates area to be
effected by dredge, sand fill activities.
Additional infrastructure proposed for the site includes:
A wave breaker or jetty (shown in Figure 3) is approximately 70m long and 4m wide covering an
area of 280m2. This area has at least 10% live coral cover so 28m2 of live coral will be impacted
if not transplanted.

4.3.1 Volume of soil to be used as Fill
Fill of coral has already been utilized; there will be no soil fill as the area has already been filled.
4.3.2 Source of fills materials to be used for the project
The coral fill will be provided for by Koror State or licensed Palau vendors.
4.3.3 Soil disposal site and method to dispose soil/waste material
There will be no disposed materials or wastes on site. Any wastes will be taken to the Koror
State Sanitary Landfill or a designated site by Koror State.
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4.4 Detailed description including site development plan for all physical facilities to be
constructed
Detailed site development will be provided when the budget cycle has been approved. Phasewise development will be used to reduce negative impact.
4.5 Description of Project Phases
Timeline will be decided on during budget cycle.
4.5.1 Pre Construction Phase
Barriers will be placed around the wall (indicated in Figure 3b) prior to initial dredge. Dredging
will be to clear debris and create swimming area and back wall for coral recovery and reduced
sand erosion.
4.5.2 Construction Phase
Barriers will be maintained and area for construction will be identified as in the concept. There
will only be smoothing of the surface and asphalt and concrete pilings for structures and courts.
During this phase a physical barrier will be made at the water’s edge to reduce flow, in addition,
sand will be placed to settle as beach area.
4.5.3 Operational Phases
Continued monitoring of run off will be monitored and normal EQPB water quality in the area
will be reviewed to see if there are any negative ramifications.
4.5.4 Abandonment Phase
No abandonment phase is planned.
4.6 Project Schedule/Duration of activity
Dependent on approval process and KSG budget cycle; announcement of construction will be
made to EQPB and via public notice.
4.7 Project Cost.
Dependent on supply cost and budget provided.

5. Project Alternatives
Comparisons of Project Alternatives for each significant Biological Resource Impact
5.1 The alternative of no action
This would result in leaving the site, as is which is an eye sore and fill material to continue to
flow into the ocean and result in additional invasive species growth.
5.2. The alternative of rehabilitation of the site
Remove the silt fences and berms and replant with coral from existing coral farms in Palau.
5.3 Alternative sites
KSG has no alternative site as the recreational site has been the most accessible for residents.
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5.4 Alternative and equally suitable projects, methods or processes
The project is aligned with existing activities and zoning as it currently serves as a recreational
area. There are live coral within the footprint of the proposed coastal expansion within 10 meters
seaward. The location of the wave break jetty needs to be marked and any live coral transplanted
nearby before construction begins.
TEI has the following recommendations for methods and processes: 1) Develop within the
existing footprint of the developed area and avoid reclamation of living coral along the SE end of
the site where the slope of the dredged reef now are habitat for living coral. Live coral is found
within 12m of the shoreline or high tide mark along 100m of the end of the project boundary.
Reclamation within 12m or 10m is advised to avoid impacting live coral. 2) Do not further hinder
natural channel and tidal flow in this area. 3) Before construction or filling, remove all terrestrial
and marine debris on site, as there are plastics and discarded tires and larger metallic items on
site. 4) Set aside the outer un-dredged area of this fringing reef and the adjacent fringing reef
further SE for conservation. This area of Ngermalk Island is a conservation area and should be
protected. 5). It is not recommended to reclaim inner reef for development as this impacts the
integrity of the habitats by creating small fragmented habitats and creates a potential for point
sources of pollution and the sheltered reefs have shown higher resilience to thermal stress and
important areas for climate change adaptation 6) It is recommended to have routine water
sampling at this site as there is a sewer pump immediately across the channel that is known to
have outflows during power outages. 7) Post public notices about water quality and warnings
when necessary if water quality is unacceptable for recreation. 8) Establish a no wake zone for
boaters as the existing reclaimed coastline is highly eroded and it is a swimming area for
residents.
6. Description of Environmental Setting
Without (Before) the Project (including conditions on and adjacent to the proposed site)
6.1 Physical Environment
Previous Impacts
The proposed project site is a reclaimed reef with remnants of an existing coral berm. This area
has been impacted by man made changes from reef reclamation and development for nearly 100
years beginning during the Japanese, where all of malakal port area was created. The more recent
filling of the area in question is denoted in the below sequence of photos. As seen below a larger
area was filled, compared to what exists today and a small jetty was created, most likely for
access of dredging equipment and/or offering a protected swimming area. The jetty and the fill
area have been eroded away today and therefore the entire area within the scope of this project
has been disturbed.
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Physical structures
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The Ngermalk Island site has several physical structures on site. To North end is a jetty with an
open concrete shelter that is covered. There is a concrete retaining wall adjacent to the existing
jetty with a small beach area. There is an access road that transverses the site with a stockpile of
gravel basalt midway between the existing jetty and proposed jetty.

Figure 4 showing flowing 1 meter drogue on bottom left corner with float and the large ngas trees
on the reclaimed area with a stockpile of gravel and a highly eroding coastline. Open air concrete
covered shelter for picnic is to far right on jetty.

Figure 5 view of northern end with jetty and open shelter for picnics with the bridge over the
channel along the eastern boundary with Ngermalk to far left.
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Figures 6a-b Closer view of the stone jetty that serves as northern boundary of the site with
eroding coastline

Figure 7 A view of the central part of the coast with
and silt curtain with floats

Figure 8 Southern boundary
sandy seagrass bounding site

6.2 Biological Environment
A Biological Overview
The land is reclaimed with a mix of crushed coral, and basalt rock fragments and boulders. This
site is mainly for recreation for residents of Koror State. The vegetation is typical coastal
vegetation with weedy plants. The marine substrate is also highly altered by man with the inner
reef substrate consisting of boulders and coral fragment from dredged material and some soft
sediment bottomed and dredged fringing reef of Palau had a diversity of plants and animals
(Figures 1-24). Reefs serve as coastal buffers from storms, important habitat for and marine flora
and fauna and a nursery area for many juvenile fish and invertebrates. Reefs provide resources for
food, shelter, medicine and simple enjoyment. The inner fringing reefs in Koror are under a great
deal of stress due to infringement from the demand for more infrastructures to accommodate its
increasing population. Past dredging and reclamation of this reef for industrial development have
impacted much of the reef adjacent to this project site. Much of these impacts occurred during
the over nearly a 100 years of development in Koror. The corals provide additional habitat for
fish and invertebrates that originated from the nearby channel. However the natural productivity
and inhabitants of this habitat have been either diminished due to past impacts to this site. Koror
has limited alterative areas for easily accessibility to swim and picnic. Long Island Park is one of
the few areas where people can come to swim and relax and walk and play sports and is used
more regularly than any other recreational site in Palau.
Water Flow
During November 21, 2015, during an morning incoming tide (8:56am: 2.2 ft; 3:09pm: 5.8ft), a 1
m drogue traveled 97m SE and got caught up in a surface eddy and then traveled 51.3 m NW
travelling a total distance of 147.8m at 24cm/sec. A 5m drogue travelled a distance of 355 m at
59.7 cm/sec. Refer to Table 1 and Figure 1, 2 and 4.
Water Quality
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Water Standards
Water standards were taken from The Environmental Quality Protection Act, Chapter 1. The
classification of water use recognizes two classes of fresh water. Class 1 is water used as a
drinking water supply, food preparation and compatible recreation activities. Class 2 pertains to
water used for bathing, swimming and compatible recreation and agricultural irrigation.
Coastal water quality standards
Class AA/A/B
pH greater than 7.7 and less than 8.5
Class AA
Dissolved Oxygen shall be more than 6.0 mg/liter
Class A
Dissolved Oxygen shall be more than 5.0 mg/liter
Class B
Dissolved Oxygen shall be more than 4.5mg/liter
All Classes
Temperature: shall not vary more than 0.9 C0 from natural conditions
Class AA and ATurbidity (in NTU) greater than 1 NTU
Class B
Turbidity (NTU) greater than 2 NTU
Class AA
Fecal Coliform count shall not exceed the geometric mean of 80/100 ml for any
10 consecutive samples nor shall any single sample exceed 230/100m
Class A, B
Fecal Coliform count shall not exceed the geometric mean of 200/100 ml for any
10 consecutive samples nor shall any single sample exceed 400/100ml
During November 16, 2015, Clarence Kitalong of TEI and Jesse Sengebau from the EQPB
laboratory conducted in the field water quality testing and collected water samples for laboratory
testing. The team worked at 2 stations (1-2). Please Refer to Table 1 and Figure. In the field,
temperature, salinity, pH, dissolved oxygen and TDS were measured using YSI 556
Multiparameter Meter. Turbidity was measured in the field using the 2100P Hach Turbidimeter
using EPA 180.1 method. In the laboratory, IDEXX Enterolert Method was used to measure
bacteria levels of enterococci. The one sample further from the jetty had no enterococci; however
the sample closer to the jetty has 1500 MPN per 100ml sample of enterococci. The turbidity at
this station was 15NTU. These measurements do not meet standards for recreational activities.
Other parameters measured for both sites were within the Class AA standards. Refer to Table 2
and Figures 1 and 2.
Terrestrial
Soils
The main soil type is Soil Type 441 Typic Troporthentis-Urban land covered 100% of the site. A
description of these soil types are taken from the 1983 soil survey by the USDA Soil
Conservation Service by Christopher W. Smith. The following paragraphs provide more
information about the physical and biological characteristics of this soil.
The soil is Type 441 Typic Troporthentis-Urban land complex with a 0 to 1 percent slope.
This unit consists of areas adjacent to ocean that have been disturbed and are partially covered by
urban structures. Areas are long and narrow in shape and are 2 to 10 hectares in size. Included in
this unit are small areas of Palau soils. Typic Troporthentis soil consists of area filled with
crushed coral, clayey soil material and basalt rock fragments. This unit is mainly for urban and
dock development and roads. The main limitations are the rapid permeability of the soil material
in these areas and the hazard of lagoon contamination because of seepage from onsite waste
disposal systems (Smith, 1983).

17

January 23 2016

Proposed Expansion
Long Island Recreation Area

The Environment, Inc.

Terrestrial Species Diversity and Habitats

Figure 9. Managed park area with coconut
and miich trees along the shore

Figure 10. The limestone forest of Ngermalk

Over 122 species of plants from over 61 Families were found at or near the site including 79
native of which seven were endemic. (Endemic means a plant is only found in Palau. In addition
to the native species, 34 introduced species including 3 unknown species (Tables 3, Figures 1, 2,
4-10). This high biodiversity is due to the native limestone forest of Ngermalk, the planted
landscape trees and flowers of the park, and the introduced weeding and invasive plants in the
areas under reclamation and stockpile areas (Figures 9 and 10). Most of the plants were within
the reclaimed area were weedy introduced and invasive species including Leucaena leucocephala
Adenanthera pavonina, Mikania micranatha that should be removed. No endangered species is
on the site. However the upper ridge and depressions within this ridge are of Ngermalk Island is
home to a large population of the endangered endemic palm Ponapea palauensis that is
threatened by invasive species and requires regular monitoring and protection with limited access.
Birds
We observed or heard birds on two occasions November 3 and 22, 2015. A mean of 83 birds
were counted representing 15 bird species from 12 Families). The birds included the following
five common endemic: Ptilinopus pelewensis (biib) Rhipura lepida (melimdelebdeb), Myiagra
erythrops (charmelachull-chesisbarsech), Zosterops finscii (chetalial) and the swiftlet Aerodramus
pelewensis (chesisekiaid). Five endemic subspecies: the honeyeater, Myzomela rubratra
kobayashii, a kingfisher, Todiramphus chloris teraokai and the starlings- Aplonis opaca orii,
citrine white eye Zosterops semperi semperi (charmbedel ), the nicobar pigeon, Caloenas
nicobarica pelewensis (laib). No endangered species were seen or heard on site however the
nicobar pigeon is a threatened species and was seen during this assessment. The threshold for
concern with a count of 14 species in 15 minutes on November 22, 2015 was attained. The area is
an important bird area based upon counts by the Belau National and other birders report at least
25 species from the Ngermalk Island area (Olsen and Eberdong 2010).
Marine
Marine Species Diversity and Habitats
The site is part of a fringing reef system. The area has been dredged and the substrate that will be
impacted is mainly sand and coral rubble, dead coral, boulders with 11% live coral at 12 to 13 m
from shore along the southeastern end. We observed at least 48 species of marine fish from 23
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families, 31 species of invertebrates at this disturbed fringing reef (Refer to Tables 5, 6, and 7 and
Figures 1and 2). The outer fringing reef was least impacted by previous dredging there is higher
live coral cover in this area and the outer extension of the proposed jetty. The deeper dredged
areas had some large Porites heads, Pocillopora and Anacropora beds. The reefs were dominated
by Porites species of coral. Further seaward was a well-developed Porites reef. Refer to Tables
5, 6, and 7.
Macro invertebrates and fish and substrate
The Environment, Inc. conducted a quantitative assessment of the marine environment. Refer to
Site Map and Figures below. The team proceeded to lie six 15 meter transect line to assess the
substrate, fish and invertebrates on site (Tables 4-6 and, Figures1, 2, and 4-17). On November 3
and 5, 2016 the TEI team set transects perpendicular to the shoreline. The Environment, Inc. team
determined percent cover of each substrate type: sand, rubble, boulders, algae, and live and dead
coral. The team photo-documented used an underwater camera. Whenever possible species
names were given for invertebrates and fish found along the transect line and near the site. Refer
to Tables 4-6 and Figures. Cardinal fish, damsel fish, wrasses, gobies, surgeonfish and baitfish
were found at the site. The team photographed along the transect line and the surrounding areas.
The photographs were used as for documentation of the existing site conditions and identification
purposes.

Figure 11 Coral rubble and fine sand at M1

Figure 12 near shore sand, coral
rubble at M2

Figure 13 Porites and Pocillopora at end of 15 m
transect along reef edge of dredged slope of M4.
Figure 14 Porites coral
community at 13 to 15 m along
transect M5

Figure 15 M6 at 13m -2m slope
with silt curtain 19
and coral at base
of dredge area
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Figure 16 Outer undredged fringing reef adjacent to channel with high coral cover up to 90%

Figure 17 Chromis fish and Acropora and brown sponge found on undisturbed outer fringing reef
near the site
Economic Value of the Inner Reef
Palau needs to establish values for its inner fringing reefs s that include natural services as wave
breakers and buffers and coastal protection, based upon the cost to build manmade structures to
protect coastlines. Reefs around bays were more resistant to regional thermal stress than patch
and outer reefs. Nearshore reefs in the bays are therefore valuable refuges to buffer coral-reef
ecosystems against climate change-induced disturbances (R., van Woesik et al.2012)
The potential ecosystem services and therefore value of disturbed inner reef is less than that of
pristine reefs however this is directly adjacent to a deep navigational channel that adds
commercial and ecological value to this site. The value can range from $1,000 to $2,000 per
square meter. The proposed site includes marine habitat covering an area of about 13,000m2 of
disturbed inner reef or an estimated standing value ranging from at least $13 to 26 million. The
long-term value of our resources and national policy for adaptation and vulnerability for Climate
Change must be considered during planning of development. Current national policy is to protect
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our inner reefs as Climate Change is predicted to cause more intense and frequent storms
globally.
Sensitive Habitats
Definition and Summary
All of Palau’s habitats and species within these habitats fall into the broad definition of sensitive
coastal areas because of Palau’s limited land mass. We prioritize sensitive areas based upon our
evaluation of previous disturbance, integrity, biodiversity, representativeness, occurrence
elsewhere and value of wildlife corridors. Our general definition of a sensitive habitat is an area
that is rare in Palau or home to rare or endangered species. The sensitive area is the inner reef.
All habitats need protection as Palau faces the impacts of climate change and climate variability.
During the 1997/1998 El Nino/La Nina event, at least 33% of the corals died due to warming of
the sea. Protecting our inner reefs protects our coastlines from the predicted increased frequency
and intensity of storms and sea level rise and needs to be considered in all development activities
along the coasts. The proposed project would mitigate impacts by avoiding the placement of jetty
where live corals are growing and transfer coral that are directly impacted.
Aquatic Corridors
The proposed area serves as a corridor for marine fish and macro invertebrates. These fish and
invertebrates swim into and around this area to feed with the incoming tides as well as seek
shelter from the predators that are present. Life cycles of many depend upon access to inner
marine habitats. The wetlands serve as refuge for fish and other invertebrates.
Macroinvertebrates reproduce and disperse their larvae through with tidal and deeper channel and
lagoon and ocean currents.
Rare, Endangered, Threatened, Sensitive or unique Species
All of Palau’s inner reef and limestone forests s are sensitive habitats with unique species.
Aquatic ecosystems are threatened in Koror as a result of sedimentation from soil erosion, and
contamination from waste and reclamation for development. Inner reef ecosystems need to be
protected. It is important to move live coral or have it transplanted to another location before
reclamation begins especially along the SE end and where the proposed jetty will be built. All of
Palau’s native plants are considered threatened based upon forest loss over the past 100 years.
The Ngermalk forest is home to the endangered endemic Ponapea palm. The applicant should
work with several dive shops and NGO’s to transport several isolated several coral colonies
outside the footprint of the site. The applicant has stated it has its own resources to perform the
task or designate the area as site for coral and marine life “planting” similar to the protected area
inside the existing long island park bay. The applicant should work with Koror State
Conservation to ensure the Ponapea palm is effectively protected from public access and invasive
species. The plan could entail physically detaching corals at the base and relocating them to an
adjacent undisturbed area. The coral can be secured with removal wire or using existing dead
coral or boulders to stabilize the coral and monitor on a regular basis. If possible reduce the
footprint of the reclamation to avoid the loss of live coral. No endangered species were found
during this survey.
6.3. Socio-cultural, economic and political environment
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Overall, the 10 men and 10 women interviewed on site and by phone were supportive of this
project as they enjoyed the Park. The concern was on the ongoing erosion of the coastline and
loss of sand that has been deposited for the beach. There was also concern about safety as there is
boat traffic especially in morning and late afternoons. A Koror Legislator was on site swimming
on two occasions and recommended enforcement of a no-wake zone.
Ngermalk Island including the proposed area is currently being used for recreation and the
tourism industry and industrial activities. We recommend that Koror State gradually phase out or
physically separate recreation and industry activities (stockpiling and distribution of gravel)
within a given area to reduce potential safety problems within recreational areas by industrial
sources of pollution- especially fuel and oils and lubricants. The area is currently zoned for
recreational use. There are commercial enterprises and hotel within walking distance of the site.
We did not observe any gleaning or fishing activity during any of our site visits. Boats were
mainly passing through or associated with local businesses nearby. However the speed of the
boats is creating wakes that are a potential safety hazard.
Rock drawings in the below photos show historical rock art that would need to be confirmed by
Bureau of Cultural Affairs and should be maintained and labeled to protect their integrity and
allow for increased cultural awareness of park goers.

Rock Art Long Island: November 2015

7. Impact Assessment
General physical, biological, health, and social impacts are the following:
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1) Magnitude of Impact
2) Reclamation of inner fringing reef
3) Water quality
4) Sewage and Solid waste
5) Water and Land traffic
6) Aesthetics and reef use planning
7) Introduced species
8) Health
9) Social-Economic
Impact 1 Magnitude of Project
This project will reclaim an existing dredge and fill site along a fringing reef along Ngermalk
Island. The area has already been filled but and area the size of the proposed jetty (at least 28m2
or 10% of the 280 m2) must be filled and will impact live coral reef near the coast and directly
and indirectly impact living coral area adjacent to this. The impacts can potentially be minimal
limit sand fill within 10 meters of the shoreline along the SE section of the coast. This would
reduce impacts to the live coral along the man-made slope of the dredged reef. The filling of the
surrounding area will have an impact on the resident organisms. To reduce impacts the proposed
fill area and extension could be reduced in size along the seaward end. The stockpiling and
earthmoving adjacent to it are impacting the adjacent limestone forest.
It is recommended that a buffer zone be established between the park and forest to reduce impacts
to the forest. KSG has recognized the importance of the buffer and
Impact 2 Loss inner reef area
The estimated area to be disturbed is nearly 27,000m2. This project proposes to build sports
facilities and picnic areas for the public and reclaim inner reef for a beach to a depth of 2ft and a
jetty along the SE end. The project site and adjacent area supports over 79 species of marine
organisms and 122 terrestrial species. Traditionally, the reefs belong to Koror State and are leased
to Palauan citizens and local residents. Today Koror has jurisdiction of reefs up to 12 miles out.
It is very important for the States of Koror to work to prevent reef loss and conserve and protect
these habitats. Reef filling and extraction activities are not recommended. TEI supports a design
plan that will reduce the impacts to the reef. This may include reduction in the size of the jetty
and limit sand fill seaward extension of the beach area to less than 10m. It is also critical to have
a climate proof design of the coastline to mitigate erosion and sand loss. It is important to ensure
that any retaining walls and jetty are durable and strong to avoid damage and destruction during
storms yet does not reclaim reef unnecessarily.
Impact 3 Water quality
The existing water quality was unsafe for recreational swimming or collecting of marine food on
November 16, 2015. As this area is a recreational area with swimming activity on a daily basis
there is a major concerns about water quality. No sewage overflow was observed but there is an
outlet directly across the channel. We observed little land and sea based solid waste pollutants on
site. There were some small pools of turbid water from the clay limestone mixture from the
stockpile of boulders. In fact a Koror Legislator was cleaning solid wastes and a visitor offered to
help him in the water. This expanded recreation area will require upgrade and increased capacity
for toilet facilities and a holding tank design. A monitoring program for water quality of the
adjacent reefs is recommended. The applicant will ensure that all used oil and fuel is properly
stored and disposed according to EQPB specifications. Spills will be reported immediately to
EQPB for appropriate mitigation action. There were several 50-gallon drums of oil on site that
the applicant will properly dispose of.
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EQPB has an ongoing monitoring program for Koror waters that can be modified to include this
site to ensure water standards are adhered to for the length of the project. The greatest potential
discharge of sediments may occur during the initial construction phases. It is important that all
sediment containment infrastructure (i.e., silt booms with weighted skirts) are in place before any
construction activities begin. Throughout the duration of the project, strict sedimentation control
practices must be implemented to protect the reefs and lagoon from an overload of sediments
from the coral fill proposed for the site. The applicant will provide a sediment control plan that
will be reviewed by the EQPB. The sediment control plan must address a plan that includes
regular maintenance and repair of silt booms. As seen in Figure 7 and 15, the silt boom was nonfunctional. Extra precaution is required as this site during spring tides when tidal currents are
rapid as there are strong currents in the channel. The infrastructure needs to be reinforced and
maintained according to the direction of the water flow.

Figure 18, clay soil with turbid pools on access road to stockpile on site November 6, 2015

Impact 4. Sewage and Solid Waste
There are chronic long-term problems with the sewage discharges at the opposite side of the
channel by the CIP office. The water quality was poor on site during this assessment. Solid
wastes are no that common at this site a few pieces of metal scrape and other objects need to be
removed for safety reasons as they are hazards for the community and the users of this area. A
holding tank will be on site for sewage waste that will be pumped on a regular basis. This holding
tank will meet EQPB specifications. There was a major issue about a holding tank that will be
construction at the NW end of Long Island Park for a nearby hotel. It is very important that
sewage is monitored and that holding tanks are emptied on a regular basis. The restroom
facilities for the Long Island Park are being handled by the KASP and will be pumped back to the
main sewer treatment line and have a very low level of impact if maintained properly. The KSG
rangers will be monitoring the facilities regularly.
Impact 5 Water and Land Traffic and safety
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During our assessment, there was much water or road traffic at this site especially on weekends
and for boaters the morning and late afternoons had more boat traffic. Boats were seen going past
the site at fast speeds creating a wake. We recommend that Koror State in cooperation with the
National Public Safety Division begin to plan for safety measures during construction and place a
sign for a no wake zone. Barriers around the area under construction, especially along the road
side are needed to prevent any materials from impacting the water and visitors vehicles nearby.
Vehicle and boat divers need to be advised to slow down while leaving and entering the area and
caution signs during times of construction. Any persons participating in construction activities at
or near the site should provide adequate warning signs and safety warnings for local residents. It
is important that the types and regular scheduling of activities in this area are clearly understood
and known between drivers, Koror State and the National Government. One nearby resident
expressed concern of boat traffic in the area.
Impact 6 Aesthetics and planning
Wherever possible do not remove corals from the reef or large trees that now grow at the site.
Trees offer shade, habitat for wildlife and beauty to the area, serve as carbon sinks and the
Ngermalk limestone forest is home to an endangered endemic palm, Ponapea. For both national
and state planning it is important to take into account that the sea level is rising faster now than in
the past century. The fringing reefs serve as habitat, buffers, source of food fish and contribute
towards Palau’s unique biodiversity. Scientists predict that in the next hundred years, the sea
level will rise 50-cm on average and may rise as much as 100cm or 1-meter. In addition to sea
level rise, scientists predict more storms of greater intensity. We recommend that the applicant
design the jetty, retaining walls and other structures that can withstand the predicted climate
change that will include higher sea levels and more intense storms and mitigate damage to the
reef and limestone forest.
Long term planning for Ngermalk Island’s Long Island Park Conservation areas is recommended
for the Medalaii community. The current signage stated that there should be no taking or cutting
of plants or building fires, no touching corals or taking fish. This Island is home to the
endangered Ponapea, an important bird area, with a high diversity of native plants, birds and
marine life. Zoning on this island park needs to be reevaluated to ensure there is effective
management of the natural and cultural resources for future generations of Medalaii, Koror and
Palau residents. Currently A percentage of this Island should to be set aside as State Forest that is
accessible by land as well as reefs.
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Figure 19 Signage with restrictions on use of the Park.
Impact 7 Introduced Species
Invasive species were observed on the site. It is important that any fill material for this project be
carefully inspected by Joe Tiobech or Dr. Miles to ensure that no invasive species are transported
by the fill to this site. An invasive species inventory has been conducted at this site with the top
invasive species listed below:

“INVASIVE PLANTS FOUND AT LONG ISLAND PARK AND
CONSERVATION AREA DURING INITIAL SURVEYS IN OCTOBER
2015”
by: Joel Miles
1. Adenantherapavonina – ADEPAV (chedebsungel era ngebard, red bean
tree)
2. Bidens alba – BIDALB
3. Chromolaenaodorata – CHRODO (ngesngesil, chromolaena)
4. Desmodiumincanum – DESINC
5. Epipremnumpinnatum – EPIPIN (pothos)
6. Hyptiscapitata – HYPCAP
7. Leucaenaleucocephala – LEULEU (telengtungd, haolekoa)
8. Mikaniamicrantha – MIKMIC (teb el yas, mikania, mile-a-minute)
9. Mimosa pudica – MIMPUD (mechiuaiu, or neneng)
10. Muntingiacalabura – MUNCAL (budo)
11. Sesbaniacannabina – SESCAN
12. Sphagneticolatrilobata – SPHTRI (wedelia)
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13. Stachytarphetacayennensis – STACAY (louchbeluu)
14. Stachytarphetajamaicensis – STAJAM (rat’s tail)
15. Thunbergia grandiflora – THUGRA (bung el etui, blue trumpet vine)
16. Tradescantiaspathacea – TRASPA (kobesos, moses-in-a-boat)
17. Turnerasubulata – TURSUB (white turnera)
Impact 8 Human Health Impacts
The top human health concern would be safety from boat and vehicle traffic and water pollution.
Ongoing monitoring is needed to ensure the waters are safe for recreational activities. It is
recommended that all solid wastes currently present in the adjacent waters and shoreline be
removed and properly disposed of according to EQPB specifications. It is recommended to
enforce a no wake zone to reduce noise levels, erosion of the shoreline and potential accidents.
Furthermore, KSG should work with EQPB to work to determine point source pollutants and
remediate as soon as possible.
Impact 9 Social-Cultural, Economic and Political Impacts
This project is expected to have social-cultural, economic and political impacts. The magnitude of
these impacts can be minimal with proper implementation and adherence to National and State
laws and plans. This area is a well-known recreational site that is now a conservation area. A
potential negative impact is increased boating activities, potential for more pollutants from
sewage and oil and fuel from boat maintenance and garbage left on site and degradation of the
reef habitat and potential crimes. Proper management of site and adjacent areas can reduce these
impacts. Traffic signs, good solar lightening along the shoreline and speed limits on land and in
the water are needed. Cooperative efforts between the applicant and community are important for
successful implementation of the project.
As mentioned, cultural and environmental components can be used to make educational activities
that can be both profit generating from tourists or socially beneficial for residents. These
activities can be coordinated between the environmental and culturally relevant sites at long
island.

8) Mitigation Measures for the Project
8.1 Brief Discussion
Below is a list of mitigation and enhancement measures for the project that would require
partnerships and collaboration between the National, State and community.
a) Mitigate impacts near the reef margin (10 m seaward) especially along the SE portion of the
site, as there is coral growth with coverage of 10 to 11%. Transplant live coral within the
footprint of the site or where footings are being placed for the jetty or any over the water
infrastructure. Transplanted corals can be placed at adjacent areas at a distance far enough as to
ensure there will be no direct or indirect impacts from this project before filling and construction
begins. Ensure that the height of the jetty is 1.0 to 0.5 meters above the highest spring tide mark.
Materials for this project should be durable and long lasting without any toxic chemical
treatments that could leach out into the environment. Partner with Palau International Coral Reef
Center and local NGO’s and businesses working with coral propagation and transplanting to
assist in transfer of corals and other invertebrates from the site before activities begin.
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b) Remove existing marine debris on site such as tires; scrape metals, plastic and bottles and cans
and non-functional ESC skirts. Proper disposal containers need to be set in place. The applicant
will work with the Koror State Recycling Program to set up a program to reduce, reuse and
recycle solid wastes.
c) Limit improvement activities to areas where there are less corals and reduce the footprint of
reclamation to avoid loss of live corals along the margins of the dredged reef. If possible reduces
sand filling for beach to less than 10m seaward.
d). Avoid removal of large trees along the limestone forests. Currently many native trees are
being damaged by heavy equipment moving gravel and boulders on sites. Plant native trees such
as coconut, kisaks, rirs, korrai, and btaches along the shoreline the site, as they provide coastal
protection, shade, a wildlife refuge and aesthetic beauty. These are important attributes for
tourism throughout Palau. The Bureau of Agriculture before transfer to the site will inspect any
soil fill. If trees are removed replant native or endemic trees that are adaptable to the coast.
e) Work with the Koror community, PICRC, CRRF, PCS, Division of Agriculture, the Division
of Forestry to propagate or transplant corals and native coastal plants for this site. If native corals
and trees are removed, set up a small coral and tree nursery to replant corals and native trees for
reefscaping and landscaping after the construction is complete. Avoid unnecessary disturbance of
corals and trees.
f). Develop and implement a monitoring plan that includes monitoring of water quality for
bacteria, monitoring all sediment control infrastructure on land and within the surrounding
waters. Floating booms must be maintained- especially the attached skirts that often tear and
become ineffective. The skirts must be properly designed with weights and material to withstand
the currents in this area. The skirts will also serve as barriers to keep out marine organism.
Avoid letting skirts expand far beyond the project site, as sediments will cover additional areas
unnecessarily by allowing skirts to expand. Upon completion of the project, remove all sediment
control infrastructure and dispose of according to EQPB regulations.
h) Ensure safety during construction and operations, marine buoys and markers should be
installed to direct local boat traffic. Signs and barriers will be in place along the main road and on
site to direct the movement of boats and vehicles during all phases of the project. Public notices
will be given in either the local newspaper, radio or on public bulletin boards to inform the public
of the proposed activities before and during construction. Koror State will work with the Bureau
of Public Safety to plan how best to direct traffic activities during all phases of this project. Set a
boating speed limit for this area for the long term to reduce wake formation and enhances safety.
i) Retain a biologist and engineer throughout the duration of the project. Their scope of work
would include monitoring and maintaining sedimentation and erosion control structures, assisting
with coral transplants, monitoring water quality, and assessing the overall health of the reefs and
safety during all phases of this project. Place marine buoys and markers to direct boat and Jet Ski
traffic during operations.
j) Set aside funds for and /or participate in the following activities: reef clean-ups, a reef
conservation areas for sustainable use; educational signs about the importance of the fringing reef
and lagoon and forests; a set aside fund for more effective management of this conservation site
to address increased impacts from increased park visitors.
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k) Cultural review and protection of rock art during development and perpetually.
8.2 Summary Matrix of predicted environmental issues/impacts and proposed mitigation/
enhancement measures and responsibilities
See Attachment 2a
8.3 Environmental Management and Monitoring Plan
The water sampling stations and marine transects and the parameters measured or quantified for
this assessment can serve as a baseline for a monthly monitoring program for the duration of the
project. Erosion and sediment control infrastructure needs to be monitored on a daily basis and
modified according to changing conditions on site. The frequency of inspections would be
dependent upon weather conditions and effectiveness of the infrastructure based upon water
quality measurements each month. If water quality parameters are unsatisfactory, infrastructure
will be modified to address point sources of pollution identified on site under the guidance and
approval of EQPB, the contractor and the Koror State Government.
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