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2. Executive Summary 

 

In 2025, Mr. Bechal Salvador, President  of S4 Construction requested The Environment, Inc. to 

conduct an Environmental Assessment for Ngardmau State  to initiate quarry operations at the old  

Quarry in Urdmang Hamlet, Ngardmau State.  The goal of the project is to provide the aggregate 

for development projects in Ngardmau State, Ngardmau Community and the Palau Community and 

other clients with a private quarry on Ngardmau Public Land. The estimated volume of aggregate 

planned for extraction is 3,000 to 5,000 cubic yards a year. A rainwater storage tank will be  on 

site.  The total project cost is $100,000. The proposed project will generate revenue from the lease 

agreement with Ngardmau State. The applicant proposes to build  a staff house with septic system 

on site and a generator building ? The project includes the staff house, generator holding facility, a 

processing crusher plant, and will produce stockpiles within a designated stockpile area on site.  A 

washing area will be connected via pipeline to a sediment storage tank, a clean storage tank with a 

pump that is connected to a Natural Storage Pond. The natural storage pond will be supplied with 

rainwater from the mountain   

 

This site covers 49, 063 m2 of lowland forest and savanna, bare area and secondary forest. This was 

an active quarry during the construction of the Compact Road.   Approximately 11% of the site was 

previously cleared with secondary forest growth, grass and savanna and 89% is primary forest.  The 

project site is within 150 m of the Ngerchetong tributary that feeds into western lagoon. The Irur 

Watershed that drains into the mangrove and inner reef along Ngardmauôs west coast. A blue stream 

is 150 m  from the site of the Irur Watershed within Ngardmau State. The proposed Quarry in 

Ngardmau State will impact an area of 49,063 m2. The project site access road is approximately1 

km from the Compact Road (National Highway). This road forks and continues to Ngardmau and 

Palauôs highest elevation Mt Ngerchelchuus.  This crossroad requires upgrades to transport heavy 

equipment and truckloads of aggregate.   

 

The soils on site are a poor source of road fill, very limited for landscaping, a very severe hazard 

of erosion on road, very limited for small commercial buildings and a poor source of construction 

materials. There were no streams on the site. There were water holes from previous quarry 

activities. The water quality of these man-made water pits on site do not meet EQPB clean water 

standards with high  bacteria counts (>2400MPN/100ml) and turbidity(19-29 NTU).  The site is 

within the Irur Watershed that drains into the mangroves along the west coast.  Water quality at the 

dock area had high Enterococci (160 to 260 MPN/100ml)  and turbidity within 2 NTU.  

 

The team observed that over 137 species including 115 terrestrial plants, 19 species of birds, 1 

amphibian (toad),  1 reptile (skink) and 1 mammal (fruit bat)  were observed or heard on or adjacent 

to the proposed quarry site. The 115 species of plants, representing 58  families, were found on or 

near the site. Nine plant species are endemic (found nowhere else in the world- unless propagated 

for a botanical garden), 67 plants are native to Palau but are found elsewhere and 3 introduced 

species and 6 invasive plant species and 2 species unidentified. Sensitive species included the 

endemic and indigenous trees and rare larger trees.  A total of 170 trees and shrubs (Dbh >4cm) 

were identified, measured (Dbh) and heights estimated.  The trees  representing the most volume 

were the following: eues (Rhus taitensis), bkau (Maranthes corymbosa)  and kelelacharm 

(Campnosperma breviopeltata) and the endemic mesekerrak (Syzygium mesekerrak).   The most 

abundant trees were eues (Rhus taitensis), the endemic chertochet (Pandanus aimiriikensis), 
bebechelut (Commersonia bartramia), the endemic chelsau (Trichospermum ledermannii ) he 

endemic mesekerrak (Syzygium mesekerrak).  

 

The density of small trees and shrubs with the forest habitat was calculated as follows: 170 

trees/849.5m2 = 0.20 trees/m2 x 43,895 m2 of forest = 8,784 trees on site. The estimated total 
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volume  of trees on the site was calculated as follows:  A total tree and shrub volume on the transects 

was  20.56m3/849.5m2  or 0.024 m3/m2 x 43, 895 m2 of forest habitat = 1,062 m3. 

 

During 2025, the TEI team observed or heard of at least 19 species of birds in the forest that 

included 6 endemic bird species and 5 endemic subspecies, 6 indigenous or native species and two 

alien introduced species. The count was done at the central cleared area of the project site.  The 

number of bird species is considered a critical number of species based upon the National Bird 

Protocol. The most abundant species were the swiftlets (chesisekiad), fruit doves (biib) and 

starlings (kiuid). The biib were heard and observed during each field day.  During August 2 and 3, 

2025, several Nicobar pigeons (laib) were observed on the access road. Laib is an endemic 

subspecies of  environmental concern. We observed an emerald skink, Lamprolepis smaragina and 

the invasive cane toad, Rhinella marina floating dead in the water hole on site. A bat roost with 23 

endemic fruit bats, Pteropus pelewensis  was observed at the site on September 23, 2025 and a 

second observation of 20 fruit bats on the same tree and location on the same October 18, 2025/.    

 

This project is expected to have social-cultural, economic and political impacts.  The potential 

ecosystem services (PES) value for tropical forests is $5,382/ha/yr (Costanza et al., 2014). 

Therefore the value of the 43,896 m2  or 4.389 ha (ha is 10,000m2) is $5,382 x 4.389 ha = $23,621/y 

and $2.3M over a 99 year period. These services include food, medicine, construction materials, 

wildlife habitat and a carbon sink.  During August 17, 2025, a Commercial Lease  Agreement was 

signed between the Governor of Ngardmau and the President of S4 Construction. The agreement 

will provide either $15,000/yr or 4% of profits- whichever is higher  to Ngardmau State. There 

have been several meetings with the leadership, the community and individual surveys of 21 

people.  

 

Implementing an effective and successful water conservation program and recycling program will 

reduce the volume of water needed for production and the amount of solid waste produced. This 

will reduce potential impacts to the environment.  The goal should be zero waste as all materials 

used can be reused in Palau or elsewhere in the world. The establishment of a new and well 

managed quarry site in Ngardmau will serve as an incentive for the community to aim towards 

water conservation and zero waste.  Through a conscientious effort of each resident, most waste 

can be recycled- if not all.  A nation-wide ban on plastic bags would greatly reduce waste  

 

No alternative location of the Ngardmau Quarry was considered. A proposed buffer away from the 

blue line stream, the upper tributary of the Ngerchetong River  is recommended. It  is approximately 

150 NE of the site and may have impacted the unpaved access road to the quarry.  Erosion and 

Sediment Control (ESC) infrastructure to divert water away from the Ngerchtong River upper 

tributary is required.  This site is accessible on an unpaved secondary road that is used to access Mt 

Ngerchelchuus and PNCC has an antenna at Mt. Ngerchelchuus is  approximately 1 km SW of the 

site. The quarry road will require a major upgrade to enable transport of aggregate from the quarry 

to locations elsewhere in Palau.  This access road requires a design for heavy equipment to 

minimize any impact to the river and watershed. Implementation of the mitigation measures 

recommended in this assessment will help ensure that the project will have minimal impacts.   

. 

No alternative location for the Ngardmau Quarry  was considered.  The site was formerly an 

active quarry site. The project proposes to reopen the quarry. A proposed buffer zone to contain 

sediment and aggregate on site and avoid impact to the Irur Watershed  is   

 

Household surveys and phone interviews with 14 men and 7 women from Ngardmau State  were 

conducted. Overall, 23% of the respondents perceived a positive impact from  the proposed project. 

Those who supported the project thought the project would improve the economy of Ngardmau 
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State  and supply needed aggregate for landscaping and infrastructure improvements locally rather 

than going out of state.  The revenues from the lease agreement would support Ngardmau State 

activities. Improving the old road to Ngardmau Quarry would result in safer travel to and from  Mt 

Ngerchelchuus.  The survey results indicated that 19% of the respondents perceived no effect from 

the proposed quarry.  The survey results indicated that 29% of the respondents perceived negative 

impacts due to potential noise, dust, loss of habitat, loss of biodiversity, climate impacts, increased 

water use, soil erosion.   

 

During June 24 2025, a scoping meeting  was held at the EQPB conference room.   A public hearing 

will be planned by Governor Jennifer Ngiraiwet  in Ngardmau State regarding reopening the quarry 

in  Ngardmau State. During August 8, 2025, the EQPB and Ngardmau State and the applicant had 

made a site visit to the quarry and met at the State Office to discuss the project.  

 

 Mitigation measures are recommended to reduce impacts from this proposed project are as 

follows: 

1) Work within the original footprint of the old quarry and avoid further disturbances of the 

forests on site. 

2) Retain a 20 m vegetative buffer on site and a 20-m vegetative buffer around the proposed 

site to act as a natural filter to protect the nearby watershed 

3) Standard Operating Procedures need to include regular water quality and bird monitoring 

for the life of the project.  

4) Prioritize residents of Ngardmau for employment opportunities 

5) Provide hydrologic information to ensure the water consumption required for processing 

will not impact ground water  or waterflow downstream  

6) Develop a solid and liquid and hazardous plan and SOP to implement this plan. 

7) Implement erosion and sediment and dust control on site.  

 

3. Introduction 

 

3.1 Identification of the Applicant 

The Applicant is Ngardmau State in partnership with  Mr. Bechal Salvador, President of S4 

Construction.  The company is primarily engaged in sandmining and the extraction and crushing 

of stones. The products are mainly used for construction, road or site filling and leveling, wall 

building, and other foundational work.  The company ships products to designated locations 

according to customer requirements, achieving production and sales. The proposed quarry is in the 

SW corner of Irur Watershed in Urdmang Hamlet, Ngardmau State,  Refer to Figures and 

Photoplates.   

 

3.2 Identification of the Environmental Assessment Company that prepared the EA.  

The Environment, Inc. was founded in 1993 by Clarence and Ann Kitalong.  ñThe environment is 

our business.ò  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 and a MSc in zoology for the University of Hawaii 

and a Doctorate from Atlantic International University.  Ann has served as project manager since 

1993 and also works part-time as Curator of the Belau National Museum herbarium. She has served 

as 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 40 years.  The goals of TEI are to understand natural and man-made changes to Palauôs 

surroundings, develop ways to optimize the use of its resources, and share our findings with others.  
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To accomplish these goals, TEI assesses the environment, surveys and monitors Palauôs 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.    
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3.3 EA Process Documentation 

 

Summary/Timetable of Activities Performed for the EIS of the Project 

 

Activity  Dates 

Mr Bechal Salvador contacted Clarence Kitalong and requested a meeting.  May 15, 2025 

Ann Kitalong met Mr. Bechal Salvador at Ngetkib Airai. He explained the 

project and showed the TEI team the location of the proposed quarry site  

May 16, 2025 

Preliminary site visit to the Quarry Site  May 17, 2025 

TEI submit proposal for Quarry EA   May 18, 202 

Meeting with Mr. Bechal Salavador on Scope and First Payment June 2, 2025 

Preliminary marine survey with Go Pro June 7, 2025 

Ngardmau Meeting about the Project at Palm Bay June 20, 2025 

Scoping meeting at    EQPB Scoping Meeting Ngardmau State Mike Blesam 

(CEO EQPB), Dan Carlo Carolino (EQPB Engineer), Mr. Bechal Salvador  

Ann and Clarence Kitalong (TEI). 

June 24, 2025 

Water quality testing at the Ngardmau Dock  July 12, 2025 

Mr. Salvador sends over layout of the site  July 16, 2025 

Work on EA Data analysis  July 18, 2025 

Field survey, complete Terrestrial Transect 1 and 2 August 2, 2025 

Field Survey complete Terrestrial Transect 3 August 3, 2025 

Site Visit with EQPB to Sandmining Site and Quarry Site ï Mr. Bechal (C4 

Construction), Ngardmau State Public Land Board Members, Mike Blesam 

(CEO EQPB), Dan Carlo Carolino (EQPB Engineer),  Ann and Clarence 

Kitalong (TEI).  Refer to Figures 28-30  

August 8, 2025 

Bird counts  and Field Survey Complete Transect 4  August 9, 2025 

Water sampling at the ponds on site with EQPB  September 6, 2025 

Bird counts and terrestrial plant checklist and collections September 23, 2025 

GPS readings and photographs on four ponds on site and observation of bat 

roost 

October 18, 2025 

Write up draft EA report   August- November 

2025 

Meeting  with Applicants. September 5, 2025 

Meeting with EQPB for clarification on requirements. Ngardmau State Public 

Land Board Members, Mike Blesam (CEO EQPB), Dan Carlo Carolino 

(EQPB Engineer),  Jesse Sengebau (EQPB) Ann Kitalong (TEI) and applicant 

Mr. Salvador Refer to Figure 31 

October 15, 2025  

Meeting with Mr Bechal Salvador  Oct 31, 2025 

 

 

3.4 Summary List of assessment methodology used for the land-based and water-based 

assessment of the project. 

 

During June 2025, Mr. B, General Manager of C4 Construction awarded TEI with a contract to 

conduct an Environmental Assessment for a proposed  reopening of an old quarry  in Ngardmau 

State. The TEI team conducted site visits to develop a species checklist, and survey the community 

regarding the quarry. Water testing  was done at the Dock in July 2025. The TEI team took 

preliminary walks through the site to record flora and fauna.  The TEI team set four terrestrial 

transects covering an area of 849.5 m2 within forest habitat.  Trees were measured to the nearest 
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cm for Diameter at Breast Height (DBH), and heights were estimated and epiphytes recorded.  

Ground cover was quantified every  10 m along the transect line within a 0.25 m2 area. All  plant 

seedlings and other herbaceous plants were quantified for ground cover. Other plant species 

observed along the transects were recorded. Refer to Figures 9-26.  A standard  bird count was 

conducted on August 9, 2025 following the National Bird Protocol. Birds were recorded during 

field work throughout the day.  The TEI Team worked with the EQPB laboratory to measure 

turbidity, total coliform, and E.coli and other parameters.  Existing infrastructure was recorded.  

Photo documentation and GPS coordinates were taken. A scoping meeting was held on June 24, 

2025 and a site visit was held on August 8, 2025 and a public hearing is planned for 2025.  

 

 
Figure 3. Satellite image showing Quarry Site in 2023 the water fall Medal e Ieychad Waterfall 

Conservation Area and PAN site is approximately 726 m to the NE of the site. The PAN site 

Ngerchelchuus Conservation area is approximately  
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4. Detailed Project Description 

 

The proposed project is to reopen the old Ngardmau Quarry.  The applicant proposed to construct 

a staff house with a septic system and generator  and a water tank along the SW portion of the site.  

The staff house  will have 1 bathroom and 1 toilet, and __ rooms that serve as a shared bathroom 

and 1 toilet. A washing area, rain catchment system and stockpile area will be along the southwest 

boundary at the base of the  hill to be quarried. Rock processing and heavy equipment will be at 

the central area at the base of the hill.   Refer to Figures 3-9. 

 

Water consumption 

The water supply will be rainwater on site that will be collected in a Storage Pond with a capacity 

of __m3 for operations.   The proposed daily rainwater use for processing is __ m3 of recycled 

rainwater that is reusable within a _-day period.  Domestic water consumption will be provided by 

a _ m3 rainwater holding tank.   The maximum daily water consumption for this project is __ m3. 

 

Sand and Aggregate System Process 

The basalt aggregate system process will include the following equipment: _____.   Refer to Figure 

3.   The proposed layout for the aggregate processing is shown in Figure _.  Among the quarry 

products, only ____ will be washed, other aggregate does not need washing. The detailed cleaning 

process is shown in the attached drawing.  

 

 
 

Figure 4. Layout for proposed Ngardmau quarry project.  
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Figure 5.   Layout for the proposed Ngardmau quarry  

 

 

 
4.1 Goals and Objective 

 

The Goal of the project is to provide the Ngardmau community and Republic of Palau a supply of 

basalt aggregate extracted from the surrounding environment of the proposed site of a previously 

active quarry site. The purpose of this study is to assess the environmental impact of the proposed 

quarry site.  The site is located by the uppermost  tributary of the Ngerchetong River. 

  

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.  Refer to Section B and attached Habitat Map,  

b)  Limited 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 

 

 

 
4.2 Location of project  
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Proposed Quarry Site  

General Site Description and Brief History 

The proposed site is located at the Southwest corner of Urdmang Hamlet, Ngardmau State in  

Babeldaob  (Figures 1-11).  This site  is within the Irur Watershed. The quarry is approximately 

6.4km from a mangrove channel of the west coast.    An Environmental Assessment was done in 

2002 for this  borrow site for the construction of the Compact Road.    Mr. Salvador will be the first 

businessman to operate the quarry. The old quarry operation constructed ponds that are seen along 

the southwest area of the site with old metal drainage conduits.  Water will be collected and 

analyzed from these ponds.  The plan is to use rainwater from the water running from the rocks and 

reused.  A similar source of water from the running rocks and reuse will be done for this proposed 

project.  Any water extraction will require a permit.  Refer to Figure  

 

 

 

 
Figure 6.  Habitat map showing a satellite image (Google Map QuickBird Satellite Imagery) with 

proposed 2025 Ngardmau State solid quarry site. 

 

The self-produced crushed stone from the quarry will be used to refurbish the existing road into 

and out of the quarry. Low-lying areas will be leveled, and narrow sections will be widened. 

Drainage ditches on both sides of the road will be cleared to ensure safe and smooth vehicle 

access to and from the quarry.  
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Figure 7. Contour Map of Site. Source: Daewoo 2002 for Compact Road. (TEI 2002). 

 

 
Figure 8. Property boundaries Source: Ngardmau State 
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Figure 9. Drone Image 2025 of the proposed 2025 Ngardmau State quarry site overlaid on  

satellite image (Google Map QuickBird Satellite Imagery) showing the four transect lines in red 

with yellow pins to mark the start and finish points.. Source: Ngardmau State and PALARIS.  
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4.3 Total Area to be disturbed by the project 

 

The total area of the quarry site is 49,063 m2.  At least 5,200 m2 or 11% of this site is disturbed 

with bare areas, grass and some secondary forest growth and 43,666 m2 89% is forested where 

previous quarry activities did not disturb or there was regrowth of forest trees.  The site is 

accessible along a 1km long access road that leads to a fork in the road heading north up to Mt 

Ngerchelchuus. The access road to the quarry is unpaved with low areas that require backfill with 

gravel. Wet areas will be filled with either big rocks or if needed a culvert. The Compact Road is 

approximately1 km from the proposed site 

. 

 

4.3.1 Volume of aggregate material projected to be excavated for the life of the quarry 

 

The estimated volume of aggregate planned for extraction is 3,000 to 5,000 yards per year. 

 

4.3.2 Source of fill materials to be used for the project  

 

There is no need for fill at the quarry site.  Sand and aggregate from the quarry will be used to 

upgrade the access road.  

 

4.3.3 Soil disposal site and method to dispose soil/waste material 

 

Excess soil will be used to upgrade the access road.  

 

4.4 Detailed description including site development plan for all physical facilities to be 

constructed 

 

Please refer to the attachments 

 
4. 5 Description of Project Phases 

 

Please refer to the attachments.  

 

4.5.1 Pre-Construction Phase 

 

Please refer to the attachments.  

 

4.5.2 Construction Phase 

Please refer to the attachments.  

 

4.5.3 Operational Phases 

Please refer to the attachments.  

  

4.5.4 Abandonment Phase 

No abandonment phase is planned. A legally binding contract between Ngardmau Public Land 

Authority and  the applicant will be drawn up. 

 
4.6 Project Schedule/Duration of activity 

 

Please refer to the attachments.  
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4.7 Project Cost 

 

The total project cost is $ 100,000. 

 
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 undisturbed.  The existing community in Ngardmau would 

continue to use this watershed for sustainable harvest of wood and as a potential future water 

source.  

 
5.2 Alternative sites 

 

No alternative site was considered.  

 
5.3 Alternative and equally suitable projects, methods or processes 

 

No Alternative or equally suitable projects, methods or processes were identified.  

 

TEI has the following recommendations for methods and processes:  

 

1)  TEI recommends a buffer zone around the periphery of the site, especially along the northeastern 

boundary that is within 150 m from the uppermost tributary of the Ngerchetong River within the 

Irur Watershed.   Quarry activity to be restricted to the permitted area of the site and away from the 

two drainage systems of northeastern and western watersheds. Avoid diversion of water used for 

quarry processing  to natural waterways, but contain all waters used for processing on site and 

recycle through the quarry.  

 

3) Implement a solid waste management plan and include a full-scale community awareness and 

education program in partnership with all Ngardmau State. Personnel should be trained in 

recycling, reusing and reducing waste management. The following items can and should be 

recycled: branches less than 6 inches in diameter and leaves of trees, aluminum cans, plastic 

drinking bottles, other types of plastic, newspapers, cardboards, scrap metal, appliances and organic 

wastes.  Private companies and the National Solid Waste Site are currently recycling many of these 

items.  Set up a transfer station and recycling center in conjunction with the proposed Quarry. 

Develop a Biomass Management Plan for green and brown waste, and timber from the site. Trees 

for construction and firewood need to be processed and stockpiled for community use. Rare and 

endemic plants need to be either be collected if they are small herbaceous plants (i.e. orchid) or 

seeds or sapling collected and propagated at the Ngardmau State nursery or nurseries Ngardmau 

State grants permission. Make sure any biomass is regularly turned and spread to avoid creating 

habitat for breeding of the coconut rhinoceros beetle.  

 

4) Develop within the existing footprint of the access road and Ngardmau Quarry Site. Minimize 

or avoid removal of vegetation and large native trees and bushes on site, especially along the NE 

boundary.  The site should include a compost area, and recycling areas with roofing to keep items 

dry during heavy rains.  The site needs a designated biomass and aggregate stockpile area with 
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proper containment for regular covering of materials that remain on site- The goal is to minimize 

this waste as much as possible through an efficient and succession 3R (recycle, reduce and reuse) 

program as is being implemented in Koror State.    

 

5) Design a closed aggregate processing system so all aggregate particulates and by-products 

remain on site and are removed from the site and do not enter the nearby watersheds to the NE and 

W.   

 

6) Design a drainage system that contains and recycles water on site. A sediment catchment system 

and ponding system on site is recommended.    

 

7) All sediment control infrastructure must be in place and monitored daily before construction and 

quarry activity begins.      

 

8) Set up a stockpile site for aggregate and particulates for regular cover of waste and remove all 

excess soil or construction materials upon completion of the quarry facility. 

 

9) Support the road management and water monitoring of the s forests and especially the nearby 

Ngerchetong River of the Irur Watershed as partners in the  Watershed Alliance in Babeldaob.   

 

10) Implement the Ngardmau State MOA to develop a management plan and secure finance to 

operate and maintain the quarry through its lifetime.  

 

11) Conduct regular water quality of ñhot spotsò of potential sediment and debris discharge areas  

 

12 Conduct regular bird monitoring to determine if populations are not impacted.  There was a 

large population of the fruit dove (biib) within the forest onsite. The Nicobar pigeon (laib) was 

observed on the access road to the quarry on three occasions.   

 

13) Post public notices when necessary regarding safety and road traffic during periods of increased 

road use for site preparation and operations. 

 

14) Install additional rainwater storage tanks with capacity to maintain operations over at least a 3-

day period. The maximum water usage for processing rock is estimated to be  __ m3 /daily and 

equivalent to ___ gal/day.  The project proposes to have a water storage pond with a capacity of 

___ m3 that is equivalent to _____ gallons. This water will flow into a sedimentation pond and be 

cleaned and reusable in __ days.  However, during periods of drought, a contingency plan to have 

additional storage for at least a _-day period is recommended. Operations need to be reduced during 

periods of drought.  

 

15)  Inform the community by radio and meetings about the operations and supply of aggregate 

and any environmental concerns or issues that may arrive over the life of the project.  

 

16)  Incorporate more frequent weather extremes such as drought and flooding when designing 

the drainage systems for surface runoff from heavy rainfall, solid waste storage and aggregate 

processing water management. Account for drought periods and limited water usage and operations 

during these period 

 

17)  Pave or place gravel on  the eroding access road and install proper drainage and ESC 

infrastructure to contain sediments on site.  
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18)  Prioritize employment for Ngardmau State residents. 

 

19)  Set up a sustainable financing mechanism for the quarry to ensure availability of aggregate 

for public and community use.  

 

20)  Have regular notifications regarding activities for the public including periods of periods 

when there will be increased noise levels or use of explosives for the quarry. 

 

21) Support the local Ngardmau community to further enhance and improve their cultural, natural 

and built environment.  
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Summary Table of Proposed Ngardmau Quarry 

 

Parameters  Proposed Quarry Site  

Distance from Blue line streams Approximately 150 m NW from the upper tributary 

of the Ngerchetong River and 500 m E of the Irur 

River that feed into the Irur Watershed 

Distance from Medal e Ieychad Waterfall  726 m 

Distance from Ngardmau Capitol   1,621 m 

Distance from Ngerchetong River 150 m 

Distance from Irur River 500 m  

Total area of site 49,063 m2 

Grass/bare area directly and   indirectly 

impacted 

     5,168 m2 (10.5% of the site) 

Forest habitat directly and indirectly impacted 43,895 m2 (89.5% of site) 

Total area for each soil type on the site including 

an addition area as buffer of 1 ha  

54,227 m2 

603 8,498_ m2 

604 29,541 m2 

621 3,642 m2 

653 12,545 m2 

Total distance of secondary road to Compact 

road 

1 km World her  

Total distance from site to Aimeliik National 

Landfill  

1.7 km 

Total number of species recorded 137 species (115 plant species, 19 bird species, 1 

reptile, 1 amphibian and 1 mammal species) 

, 

Total species of plants/N/E/I 115 species: 67 Native/9Endemic/3introduced/6 

invasive 

Total Species of Birds 19 Species: 6 Endemic, 5 Endemic Subspecies, 6 

Native and 2 alien introduced  

Total estimated tree volume  20.56 m3/849.5m2 =0.024m3/m2 x 43,895 m2 forested 

land = 1,062m3 

Total estimated tree density  at site 170_tree /849.5m2 = 0.20 trees/m2x 43,895 m2 

forested land =8,789 trees on the site 

Other proposed or potential use of site Potential for agriculture and housing and other 

businesses  

Past use of site Quarry  

Maximum daily water usage  _ m3 (_ m3 for quarry processing and _ m3 for 

domestic use.  Proposed daily water use for quarry 

processing is _ m3 of recycled rainwater 

Estimated volume of aggregate planned for 

excavation 

3,000 to 5, 000 cubic yards per year 

Total cost to construct quarry  $100,000.00 
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6. Description of Environmental Setting  

 

Without (Before) the Project (including conditions on and adjacent to the proposed site) 

 

Previous Impacts 

The proposed site was an active quarry site that impacted at least 68% of the site.   

 
6.1 Physical Environment 

 

6.1.1 Physical structures 
There are no existing physical structures at either the quarry site or the area for sandmining. 

There is an access road to the site. Refer to Figure 10. 

 

 
1km long Access road to site   

 
Access road to Quarry 

cleared August 9, 2025  

 
Access road to Quarry 

uncleared on May 17 2025  

 

Figure 10.   Access road to proposed quarry site.  
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Figure 11. Soil map showing proposed quarry site.                                                                   

Source: http//soils usda.gov/survey/printed surveys/. 

 
6.2 Soils 

The information on soil types for this site was taken directly from the 2009 United States 

Department of Agriculture. Natural Resources Conservation Service Soil survey of the Islands of 

Palau, Republic of Palau. This survey is accessible online at: http//soils usda.gov/survey/printed 

surveys/. The Area of Interest (AOI) was slightly  larger than the project site  (54, 227 m2). Four  

soil types are found at the proposed site:   603ðAimeliik silt loam 2.1 acres or 15.8% in AOI, 30 

to 50 % slopes; 604ðAimelii k Silt Loam 50 to 75 % slopes 7.3 acres or 54.4% of AOI ; 621ð

Ngardmau-Babelthuap-Typic Udorthents undifferentiated group, 50 to 75 % slopes 0.9 acres or 

6.9% of AOI; and 653- Orthents, mined, 30 to 75% slopes 3.1 acres or 22.9% of AOI.   A Summary 

Chart is shown below with potential uses and estimated total area and percentage of total area for 

the project site.  These soils are a poor source of road fill, very limited for landscaping and very 

severe hazard of erosion on road, very limited for small commercial buildings, and a poor source 

of construction materials.  A description of each soil type is provided. Refer to Figure 11 and 

Summary Chart below.  

 

 

 

 

 

Summary Chart of  Soil Types, potential uses and estimated total area. 
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Slope Soil 

Typ

e 
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l as a 
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fill   

Lawns 
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ng 

Potenti

al for 

seedlin

g 

mortali

ty 

Hazard 

of 

erosion 

on 

roads 

and 

trails 

Small 

Commerc

ial 

Buildings 

Construct

ion 

Materials 

Estimat

ed Total 

Area  

Square 

meters 

Perce

nt of 

Total 

Soil 

Type

s  

30 to 

50% 

603 Poor 

Source 

very 

limited 

modera

te 

very 

severe 

very 

limited 

Poor 

source 

 8,498 15.8

% 

50 to 

75% 

604 Poor 

Source 

very 

limited 

high very 

severe 

very 

limited 

Poor 

source 

29,541 54.4

% 

50to 

75% 

621 Poor 

Source  

very 

limited 

high very 

severe 

very 

limited 

Poor 

source 

3,642 6.9% 

30 to 75  653 Poor 

Source  

very 

limited 

High Very 

severe  

very 

limited 

Poor 

source 

12,545 22.9

% 

 

 

 

603ðAimeliik silt loam, 30 to 50 percent slopes 

Map unit setting: Major land resource area: 193 (Volcanic Islands of Western Micronesia) 

Elevation: 1 to 213 m (3 to 699 ft); Landscape: Volcanic islands; Aspect: No dominant orientation; 

Mean annual precipitation: 3,300 to 4,650 mm (130 to 183 in) Mean annual air temperature: 27.00C 

(810F):Map unit composition: Aimeliik and similar soilsð85% Minor componentsð15% 

Characteristics of the Aimeliik soil: Landform: Hills; Hillslope position: Footslopes, toeslopes, 

shoulders, backslopes, summits Geomorphic position: Side slopes, interfluves, base slopes, nose 

slopes, head slopes,crests; Parent material: Saprolite derived from basalt, andesite, dacite, volcanic 

breccia, bedded tuff, or other tuff; Slope: 30 to 50 %t 

Slope shape (down/across): Linear/linear; Depth class: Very deep; Depth to a restrictive feature: 

10 to 25 centimeters (4 to 10 inches) to an abrupt textural change; Most limiting permeability 

(Ksat): 0.360 to 3.6 cm/hr (0.142 to 1.42 in/hr); moderately; Available water capacity: About 17.2 

cm (6.8 in); moderate Shrink-swell potential: About 6 % (moderate) 

Soil slippage potential: High;Aluminum saturation in the topsoil: About 11 % (low); Aluminum 

saturation in the subsoil: About 91 % (very high)   

Potential vegetation: Alphitonia carolinensis (chelebiob), Maranthes corymbosa (bkau), 

Campnosperma brevipetiolata (kelelacharm), Fagraea ksid (ksid), Finschia chloroxantha, Garcinia 

matudai (tilol), Manilkara udoido (udeuid), Dracaena multiflora (Oredakl), Planchonella obovata 

(chelangel), and Rhus taitensis (eues). 

 Hydrologic properties Ponding: None Flooding: None; Runoff class: Medium Drainage class: Well 

drained Hydrologic soil group: B: Typical profile:Oið0 to 7 cm (0 to 3 in); slightly decomposed 

plant material ABð7 to 12 cm  (3 to 5 inches); silt loam; Btoð12 to 96 cm (5 to 38 in); silty clay 

loam; Cð96 to 200 cm  (38 to 79 in); silty clay; Minor components: Oxyaquic Dystrudepts. 

Percentage of component in the map unit: About 6 %: Landform: Drainageways, swales, hills; 

Hillslope position: Toeslopes, footslopes, backslopes Geomorphic position: Side slopes, 

interfluves; Slope: 30 to 50%; Slope shape (down/across): Linear/linear Drainage class: Somewhat 

poorly drained; 

Dechel soils:Percentage of component in the map unit: About 4 %; 

Landform: Swamps, valley floors, stream terraces, marshes, backswamps Geomorphic position: 

Treads;Slope: 0 to 2 5%;Slope shape (down/across): Linear/linear; 
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Drainage class: Very poorly drained; Flooding: Frequent; Ponding: Frequent;Initial subsidence: 

About 10 cm (4 in); Total subsidence: About 20 cm (8 in). 

Ngersuul soils:Percentage of component in the map unit: About 3 percent Landform: Backswamps, 

flood plains, valley floors, levees Geomorphic position: Risers, treads 

Slope: 0 to 4 percent; Slope shape (down/across): Concave/concave Drainage class: Somewhat 

poorly drained Flooding: Frequent 

Mesei soils:Percentage of component in the map unit: About 2 % 

Landform: Backswamps, marshes, stream terraces, swamps, valley floors Geomorphic position: 

Treads; Slope: 0 to 1%; Slope shape (down/across): Linear/linear; Drainage class: Very poorly 

drained;Flooding: Frequent; Ponding: Frequent; Initial subsidence: About 25 cm (10 in); Total 

subsidence: About 102 cm (40 in) 

 

604ðAimeliik silt loam, 50 to 75 % slopes 

Map unit setting:Major land resource area: 193 (Volcanic Islands of Western Micronesia) 

Elevation: 1 to 230 m (3 to 755 ft);Landscape: Volcanic islands; Aspect: No dominant 

orientation;Mean annual precipitation: 3,300 to 4,650 mm (130 to 183 in) Mean annual air 

temperature: 27.0 0 C (810 F);Map unit composition: Aimeliik and similar soilsð85% Minor 

componentsð15%; Characteristics of the Aimeliik soil: Landform: Hills: 

Hillslope position: Backslopes, toeslopes, footslopes, shoulders, summits Geomorphic position: 

Crests, interfluves, side slopes, base slopes, nose slopes, headslopes 

Parent material: Saprolite derived from basalt, andesite, dacite, volcanic breccia,bedded tuff, or 

other tuff;Slope: 50 to 75%; Slope shape (down/across): Linear/linear; Depth class: Very deep; 

Depth to a restrictive feature: 5 to 25 centimeters (2 to 10 inches) to an abrupt textural change; 

Most limiting permeability (Ksat): 0.360 to 3.6 cm/hr (0.142 to 1.42 in/hr); moderately high; 

Available water capacity: About 17.6 cm (6.9 in); moderate Shrink-swell potential: About 6% 

(moderate); Soil slippage potential: High; Aluminum saturation in the topsoil: About 83 % (very 

high); Aluminum saturation in the subsoil: About 91 % (very high); 

Potential vegetation: Alphitonia carolinensis (chelebiob), Maranthes corymbosa (bkau), 

Campnosperma brevipetiolata (kelelacharm), Fagraea ksid (ksid), Finschia chloraxantha, 

Garcinia matudai (tilol), Manilkara udoido (Udoid), Dracaena multiflora (orredakl), Planchonella 

obovata (elangel), and Rhus taitensis (eues) 

Hydrologic properties Ponding: None; Flooding: None; Runoff class: Medium Drainage class: 

Well drained Hydrologic soil group:B; Typical profile: Oið0 to 4 cm (0 to 2 in); slightly 

decomposed plant material Að4 to 8 cm (2 to 3 in); silt loam;Btoð8 to 86 cm (3 to 34 in); silty 

clay loam;Cð86 to 200 cm (34 to 79 in); silty clay; Minor components:Oxyaquic Dystrudepts; 

Percentage of component in the map unit: About 6 % Landform: Drainageways, swales, hills; 

Hillslope position: Backslopes, footslopes, toeslopes Geomorphic position: Interfluves, side slopes 

Slope: 50 to 75 %; Slope shape (down/across): Linear/linear Drainage class: Somewhat poorly 

drained; Ngersuul soils-Percentage of component in the map unit: About 4 percent Landform: 

Backswamps, flood plains, levees, valley floors Geomorphic position: Treads, risers;Slope: 0 to 4 

%; Slope shape (down/across): Concave/concave Drainage class: Somewhat poorly drained 

Flooding: Frequent; 

Dechel soils-Percentage of component in the map unit: About 3 percent 

Landform: Swamps, valley floors, stream terraces, marshes, backswamps Geomorphic position: 

Treads; Slope: 0 to 2 %;Slope shape (down/across): Linear/linear; Drainage class:Very poorly 
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drained; Flooding: Frequent; Ponding: Frequent;Initial subsidence: About 10 cm (4 in); Total 

subsidence: About 20 cm  (8 in); 

Mesei soils-Percentage of component in the map unit: About 2 %: 

Landform: Valley floors, swamps, backswamps, marshes, stream terraces Geomorphic position: 

Treads;Slope: 0 to 1 %;Slope shape (down/across): Linear/linear;Drainage class: Very poorly 

drained;Flooding: Frequent;Ponding: Frequent;Initial subsidence: About 25 cm (10 in); Total 

subsidence: About 102 cm (40 in); 

 

621ðNgardmau-Babelthuap-Typic Udorthents undifferentiated group, 50 to 75 percent 

slopes 

Map unit setting: Major land resource area: 193 (Volcanic Islands of Western Micronesia) 

Elevation: 3 to 234 m (10 to 768 ft); Landscape: Volcanic islands; Aspect: No dominant orientation; 

Mean annual precipitation: 3,300 to 4,650 mm  (130 to 183 in) Mean annual air temperature: 27.0 
0C (810F); 

Map unit composition: Ngardmau and similar soilsð50% Babelthuap and similar soilsð30%; 

Typic Udorthents and similar soilsð15 % Minor componentsð5%; Characteristics of the 

Ngardmau soil: Landform: Erosional crests and ridges on hills; Hillslope position: Summits, 

shoulders, backslopes, toeslopes; Geomorphic position: Crests, side slopes; Parent material: 

Saprolite derived from basalt, andesite, dacite, volcanic breccia, bedded tuff, or other tuff; Slope: 

50 to 75%; Slope shape (down/across): Convex/convex; Percentage of the surface covered by rock 

fragments: About 60 % by subrounded gravel and 15% by subangular cobbles; Depth class: Very 

deep; Most limiting permeability (Ksat): 0.360 to 3.6 cm/hr (0.142 to 1.42 in/hr); moderately high; 

Available water capacity: About 19.1 cm (7.5 in); moderate Shrink-swell potential: About 5 percent 

(moderate); Soil slippage potential: High;Aluminum saturation in the topsoil: About 91% (very 

high); Aluminum saturation in the subsoil: About 91% (very high); 

Potential vegetation: Ectrosia lepornia, Dicranopteris linearis, Lycopodium cernuum, Nepenthes 

mirabilis (meliik), Paspalum orbiculare; Hydrologic properties Ponding: None Flooding: None; 

Runoff class: High; Drainage class: Well drained Hydrologic soil group: C; Typical profile: BAcð

0 to 4 cm (0 to 2 in); gravelly silty clay loam Boð4 to 12 centimeters (2 to 5 in); silty clay; BCð

12 to 43cm (5 to 17 in); silty clay; Cð43 to 200 cm (17 to 79 in); silty clay;  

Characteristics of Babelthuap soils: Landform: Erosional crests and ridges on hills; Hillslope 

position: Toeslopes, backslopes; Geomorphic position: Crests, side slopes; 

Parent material: Saprolite derived from basalt, andesite, dacite, volcanic breccia, bedded tuff, or 

other tuff; Slope: 50 to 75%;Slope shape (down/across): Convex/convex; Percentage of the surface 

covered by rock fragments: About 60 %  by subrounded gravel and 15 % by subangular cobbles; 

Depth class: Very deep; Depth to a restrictive feature: 5 to 10 cm (2 to 4 in;) to an abrupt textural 

change; Most limiting permeability (Ksat): 0.360 to 3.6 cm/hr (0.142 to 1.42 in/hr); moderately 

high;Available water capacity: About 16.7 cm (6.6 in); moderate Shrink-swell potential: About 5 

% (moderate); Soil slippage potential: High; Aluminum saturation in the topsoil: About 57 % 

(moderate); Aluminum saturation in the subsoil: About 91 % (very high); Potential vegetation: 
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Ectrosia lepornia,  Dicranopteris linearis, Lycopodiella cernua, Nepenthes mirabilis (meliik), 

Paspalum orbiculare; 

Hydrologic properties Ponding: None Flooding: None; Runoff class: High;Drainage class: Well 

drained Hydrologic soil group: C; Typical profile: Acð0 to 6 cm (0 to 2 in); gravelly silt loam 

Btoð6 to 58 cm (2 to 23 in); silty clay; Cð58 to 200 cm (23 to 79 in); silty clay loam 

Characteristics of Typic Udorthents: Landform: Scalped areas, erosional crests and ridges on hills; 

Hillslope position: Shoulders, backslopes, summits; Geomorphic position: Side slopes, crests; 

Parent material: Saprolite derived from basalt, andesite, dacite, volcanic breccia, bedded tuff, or 

other tuff; Slope: 50 to 75%; Slope shape (down/across): Convex/convex; Percentage of the surface 

covered by rock fragments: About 60 % by subrounded gravel and 15% by subangular cobbles; 

Depth class: Very deep; Most limiting permeability (Ksat): 0.360 to 3.6 cm/hr (0.142 to 1.42 in/hr); 

moderately high;Available water capacity: About 19.5 cm (7.7 in); moderate Shrink-swell 

potential: About 5% (moderate); Soil slippage potential: High; Aluminum saturation in the topsoil: 

About 91% (very high); Aluminum saturation in the subsoil: About 91 % (very high); 

Potential vegetation: Cassythya filiformis, Drosera sp., Nepenthes mirabilis (meliik) 

Hydrologic properties Ponding: None Flooding: None; Runoff class: High; Drainage class: Well 

drained Hydrologic soil group: C; Typical profile: Acð0 to 1 cm (0.0 to 0.4 in); gravelly silt loam 

C1ð1 to 3 cm (0 to 1 in); gravelly silty clay C2ð3 to 200 cm (1 to 79 in); silty clay; 

Minor components: Palau soils-Percentage of component in the map unit: About 3%; 

Landform: Hillslopes, anthropogenic terraces; Hillslope position: Footslopes, shoulders, toeslopes, 

summits, backslopes; Geomorphic position: Nose slopes, head slopes, base slopes, side slopes; 

Slope: 50 to 75%; Drainage class: Well drained; Aimeliik soils- Percentage of component in the 

map unit: About 2%; Landform: Hills; Hillslope position: Backslopes, summits, shoulders, 

footslopes, toeslopes Geomorphic position: Interfluves, crests, side slopes, base slopes, nose slopes, 

head slopes; Slope: 50 to 75%: Slope shape (down/across): Linear/linear;Depth to a restrictive 

feature: 5 to 25 cm (2 to 10 in) to an abrupt textural change;Drainage class: Well drained; 

 

653ðTypic Udorthents complex, mined, 0 to 75% 

Major land resource area: 193 (Volcanic Islands of Western Micronesia); Elevation: 10 to 221 m 

(33 to 725 ft); Landscape: Volcanic islands; Aspect: No dominant orientation; 

Mean annual precipitation: 3,300 to 4,650 mm (130 to 183 in); Mean annual air temperature: 27.0 
0C (810 F); Map unit composition: Typic Udorthents, 30 to 75% slopes, and similar soilð45% 

Typic Udorthents, 0 to 6 % slopes, and similar soilsð40 % Minor componentsð15%; 

Characteristics of Typic Udorthents, 30 to 75% slopes; Landform: Scalped areas, bauxite surface 

mines on hills; Hillslope position: Shoulders, summits, backslopes;Geomorphic position: Side 

slopes, crests;Parent material: Bauxite (aluminum ore) composed of saprolite derived from 

basalt,andesite, dacite, volcanic breccia, bedded tuff, or other tuff; Slope: 30 to 75% Slope shape 

(down/across): Convex/convex; Percentage of the surface covered by rock fragments: About 60 % 

by subrounded gravel and 15% by subangular cobblesDepth class: Very deep; Most limiting 

permeability ; (Ksat): 0.360 to 3.6 cm/hr (0.142 to 1.42 in/hr); moderately high Available water 

capacity: About 19.1cm (7.5 inches); moderate Shrink-swell potential: About 5% (moderate); Soil 

slippage potential: High; Aluminum saturation in the topsoil: About 88% (very high);Aluminum 

saturation in the subsoil: About 91% (very high); Potential vegetation: Cassythya filiformis, 

Drosera sp., Nepenthes mirabilis (meliik); Hydrologic properties Ponding: None Flooding: None; 

Runoff class: High; Drainage class: Well drained Hydrologic soil group:C; Typical profile: Acð0 
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to 2 cm (0.0 to 0.8 in); extremely gravelly silt loam ACð2 to 12 cm (1 to 5 in); gravelly silty clay; 

Cð12 to 200 cm (5 to 79 in); silty clay; 

Characteristics of Typic Udorthents, 0 to 6 % slopes; Landform: Scalped areas, bauxite surface 

mines on hills; Hillslope position: Backslopes, summits, shoulders; Geomorphic position: Crests, 

side slopes; Parent material: Saprolite derived from basalt, andesite, dacite, volcanic breccia, 

bedded tuff, or other tuff; Slope: 0 to 6 %; Slope shape (down/across): Convex/convex; Percentage 

of the surface covered by rock fragments: About 60 % by subrounded gravel and 15 percent by 

subangular cobbles; Depth class:Very deep slopes; 

Map unit setting:Most limiting permeability (Ksat): 0.360 to 3.6 cm/hr (0.142 to 1.42 in/hr); 

moderately high; Available water capacity: About 19.4 cm (7.6 in); moderate Shrink-swell 

potential: About 5% (moderate); Soil slippage potential: High;Aluminum saturation in the topsoil: 

About 91% (very high)Aluminum saturation in the subsoil: About 91% (very high); Potential 

vegetation: Cassythya filiformis, Drosera sp., Nepenthes mirabilis (meliik); 

Hydrologic properties Ponding: None Flooding: None; Runoff class: Low;Drainage class: Well 

drained Hydrologic soil group: C; Typical profile: Acð0 to 4 cm (0 to 2 in); extremely gravelly 

silt loam Cð4 to 200 cm (2 to 79 in); silty clay; 

Minor components: Ngardmau soils-Percentage of component in the map unit: About 10% 

Landform: Erosional crests and ridges on hills;Hillslope position: Summits, backslopes, toeslopes, 

shoulders Geomorphic position: Crests, side slopes; Slope: 30 to 50%; Slope shape (down/across): 

Convex/convex Drainage class: Well drained; 

Babelthuap soils-Percentage of component in the map unit: About 5%; Landform: Erosional crests 

and ridges on hills; Hillslope position: Backslopes, toeslopes; Geomorphic position: Crests, side 

slopes; Slope: 30 to 50 %; Slope shape (down/across): Convex/convex;Depth to a restrictive 

feature: 3 to 10 cm (1 to 4 in) to an abrupt textural change; Drainage class: Well drained; 

 
6.3 Biological Environment 

 

The proposed site is found within the Irur Watershed of Urdmang Hamlet. The proposed site is 

within 150 m NW of the  upper tributary of the Ngerchetong River and  500 m  east from the 

southern tributary of the Irur  River  that feeds into  an important water source.    Refer to Figures 

3 and 15. The site is approximately 11% disturbed forest, bare area and grassland and 89% primary 

forest. No streams are running through the site.  

 

6.3.1 Water quality  
 

During  July 12, 2025, the marine water quality from the Ngardmau Dock area and discharge 

from the Ngerchetong River was measured. Refer to  Figures 12 and 13.  The values in Table 1 

shows that the turbidity values at the south side of the dock (the river drains on this side of the 

dock )  ranged from 1.94 NTU and 2.41 NTU.   Class B waters  require  ambient values not 

greater than 2 NTU.  The  Enterococci counts were 160 MPN/100ml and 260MPN/100ml. Class 

BB marine waters require Enterococci to have a mean value of 35MPN/100ml and not exceed  

130MPN/100ml for a single sample.   We observed heavy sedimentation by this side of the dock  

during July 12, 2025. Refer to Figure 12.  
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Figure 12.  Water quality samples at the proposed the Ngardmau Dock and where the 

Ngerchetong River drains into the mangroves and lagoon July 12, 2025 

 

 

 

Table 1. Water Quality Results from EQPB  from the dock on July 12, 2025   
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During September 6, 2025, EQPB staff Darwin Florencio collected water samples at four 

Ponds leading to the quarry.  Jesse Sengebau conducted the laboratory analysis at the EQPB 

certified laboratory. A sketch of the locations of the four  ponds sampled was drawn.  GPS 

coordinates will be collected for the final EA.  Refer to Figures 13 and  14.  The results indicated 

that the total coliforms for freshwater exceeded acceptable limits (All four ponds had a total 

coliform (T/C greater than 2,400/100 ml). The E.coli exceeded EQPB acceptable values ranging 

from 41 to 1400 MPN/100 ml.  (MPN = most probable number. Class 2 Freshwater limit is not to 

exceed a mean of 126 MPN/100 ml. or 410 MPN/100 ml for single sample). The turbidity ranged 

from 19 to 28.9 NTU which is above ambient levels for freshwater streams. The dissolved oxygen 

was lower than 2 to 2.7 mg/l or saturation of 25-33% that is lower than 75% saturation for Class 2 

Freshwater. Levels below 5 mg/l can negatively affect aquatic species.   

  

 
Figure 13.  Sketch of the locations of the four man made ponds sampled on September 6, 2025 

along the access road to the quarry. Refer to Figure 10. 
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 Sample 1 = 7.57137 134.58005  

 
 Sample 2 = 7.57127 134.58020  

 
Sample 3 = 7.57106 134.58044 

 
Sample 4 = 7.57074 134.58078 

 

Figure 14  Man made ponds and GPS coordinates where water samples were taken on September 

6, 2025.     Photographs  taken on  October 18, 2025. 

 

 

Table 2. Water Quality Results from EQPB  from the dock on July 12, 2025. GPS coordinates 

were taken on October 18, 2025.  Sample 1 = 7.57137 134.58005  Sample 2 = 7.57127 134.58020 

Sample 3 = 7.57106 134.58044 Sample 4 = 7.57074 134.58078 
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The EQPB provided TEI with water quality data from their monthly monitoring at Ngardmau Dock 

from January 2023 to June 2025.  Refer to Table 3. Based upon 25 sampling days over the 2.5 years 

of monitoring, water quality exceeded EQPB standards. The Enterococci values exceeded EQPB 

thresholds on July 7, 2023.  Turbidity values exceeded 2NTU on 12 sampling dates or nearly 50% 

of days sampled.   

 

Table 3.  Water quality results from EQPB from the dock from January 2023 until June 2025.  
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Figure 15.  USGS map with quarry site marked by a  red star over  Ngkesiu at lower central part 

of map showing the uppermost tributary of the blue line stream Ngerchetong River approximately 

150 meter  NE of the site and draining into the mangroves adjacent to the Ngardmau Dock.  

approximately 7 km to the North of the proposed site. An upper tributary of the blue line 

stream,Irur River, is approximately 500 m to the west of the proposed site.   
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6.3.2 Terrestrial  
 

There were two major ecosystems at the site: grassland, and lowland forest at the Ngardmau Quarry  

(Tables 4-5, Figure 16). The grasslands were dominated by the fern, Dicranopteris linearis var. 

ferruginea (itouch) and Lycopodiella cernua (olochouila beab) and the shrub, Eurya japonica var. 

nitida (cheskiik). The riparian areas near the streams adjacent to the site included palm Pinanga 

insignis (chebouch) and fern tree Sphaeropteris nigricans. The largest trees were Campnosperma 

brevipetiolata (kelelacharm), Maranthes corymbosa (bkau), Ormosia calavensis 

(chedebsungelked), Elaeocarpus joga (dekemerir) and Horsfieldia palauensis (chersachel). The 

smaller Pandanus aimiriikensis and Osmoxylon truncatum (kesiamel) and fern trees Sphaeropteris 

nigricans (cheluu) were common understory trees.  Immediately surrounding the forest is 

secondary vegetation including Macaranga carolinensis (bedel), Cerbera manghas (chemeridech) 

and Rhus taitensis (eues). Disturbed areas of the old access road were characterized by secondary 

vegetation including ferns, grasses and sedges. Ferns, orchids and vines were the dominant 

epiphytes. The native orchid Spathoglottis carolinensis was common in the grassland and disturbed 

areas. The orchid Crepidium setipes were also observed along the access road.  The  TEI team also 

observed several invasive species along the access road and quarry site including Leucaena 

leucocephala and the orchid Arundina graminifolia. 

 

6.3.2.1 Sensitive habitats and wildlife corridors 

 

In 2025, at least 49,063 m2 of primary and secondary forest  and savanna and bare areas will be 

impacted by the proposed quarry. At least 11% (5,396 m2) is disturbed or bare area from previous 

quarry impacts. This is a sensitive habitat in the 43,888 m2 and serves as a wildlife corridor.  The 

Ngerchetong River of the Irur Watershed is 150 m NE from the site and  drains into mangroves and 

inner lagoon near the Ngardmau Dock.  Most of the proposed site is within primary and secondary 

forest. The disturbed habitat is in the center of the site. Two blue line streams are near the site. The 

Ngerchetong River  150 m Ne and the Irur River an estimated 500 m to the west. All blue line 

streams require a minimum vegetative buffer of 60ft (20m). It is recommended to have a larger 

buffer along the NE area at the uppermost tributary of the Ngerchetong River.   The savanna habitat 

provides many medicinal plants for the customary bath ceremony. Most of these plants are shrubs 

and ferns. The forest has a more diverse assemblage of is part of the  Irur  Watershed with several 

important freshwater tributaries and is considered more sensitive with birds and other animals using 

these streams as corridors. The fruit dove biib are known to build their nest along streams and was 

heard during each site visit.   Large native trees were found in the forests. 

 

6.3.2.2 Terrestrial Wildlife Corridors  

 

Wildlife corridors refer to habitats or linked habitats that animals move within to feed, mate or 

otherwise use in their life cycle. If any of these linkages are disturbed or movement is blocked, the 

animals are considered threatened. The bird community was an important forest community at the 

site. The native riverine forest provides a diversity of fruits and seeds.  Birds move to and from 

nesting sites to prepare their nests or feed their young. We observed many endemic birds and plants 

and native skinks.  The freshwater streams served as a corridor for freshwater fish and snails.  

Freshwater fish, snails and bird species are good indicators of the health of an ecosystem as they 

depend upon the resources within the system to survive.  Monitoring the presence of indicator 

snails, fish and birds is a cost-effective way to know if there is a change in the overall health of a 

system over long periods of time. Palau needs to conduct further research to determine threshold 

stream velocities for its freshwater ecosystems. 
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6.3.3 Species Diversity and Abundance  

 
During 2025, the team observed over 137 species including 115 terrestrial plants, 19 species of 

birds, 1 reptile (skink), 1 amphibian (toad) and 1 mammal (fruit bat) were observed or heard on or 

adjacent to the proposed quarry site. The 115 species of plants, representing 58  families, were 

found on or near the site. Nine  plant species are endemic (found nowhere else in the world- unless 

propagated for a botanical garden), 67 plants are native to Palau but are found elsewhere and 3 

introduced species and 6 invasive plant species and 2 species unidentified.  Sensitive species 

included the endemic and indigenous trees and rare larger trees.  Refer to Tables 4-8 and Figures 

14 to 29. 

 

A total of 170 trees and shrubs (Dbh > 4cm) were identified, measured (Dbh) and heights estimated.  

The trees  representing the most volume were the following: eues (Rhus taitensis), bkau (Maranthes 

corymbosa)  and kelelacharm (Campnosperma breviopeltata) and the endemic mesekerrak 

(Syzygium mesekerrak).  Refer to Tables 4 and 5.   The most abundant trees were eues (Rhus 

taitensis), the endemic chertochet (Pandanus aimiriikensis),bebechelut (Commersonia bartramia), 

the endemic chelsau (Trichospermum ledermannii). The endemic mesekerrak (Syzygium 

mesekerrak). Other trees found included  bedel (Macaranga carolinensis) the endemic chersachel 

(Horsfieldia palawensis), chosm (Premna serratifolia),  the two endemic kesiamel (Osmoxylon 

truncatum and O. pachyphyllum), cheluu (Sphaeropteris nigricans), chemchong  (Flacourtia 

rukam var micronesica),  the endemic ngolm (Phyllanthus macrosephalus).   Tables 4 6 showed 

that 27 species of trees  and 1 unknown species represented 100% of the volume on the transect.  

Refer to Figures 14 to 25. 

 

The density of small trees and shrubs with the forest habitat was calculated as follows: 170 

trees/849.5m2 = 0.20 trees/m2 x 43,895 m2 of forest = 8,784 trees on site. The estimated total volume  

of trees on the site was calculated as follows:  A total tree and shrub volume on the transects was  

20.56m3/849.5m2 or 0.024 m3/m2 x 43, 895 m2 of forest habitat = 1,062 m3.  

 

Trees found on site but not on the transects included the invasive telentungd (Leucaena 

leucocephala), chermall (Hibiscus tiliaceus), blauelked (Timonius subauritus) and the shrubs 

Hedyotis korrorensis (chemudelach) and Eurya japonica var. nitida (chesiik) and  the palm, 

demailei (Heterospathe elata) were onsite but not the transect.  
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Table 4. Species on transect sorted by total volume of trees 

 Species 

Palauan 

 Name 

Stem  

Count 

Total 

volume 

Percent of 

Total 

   m3 volume 

Rhus taitensis cheues 47 5.21 25.3% 

Maranthes corymbosa bkau 9 4.84 23.5% 

Campnosperma breviopeltata kelelcharm 8 3.01 14.6% 

Syzygium mesekerrak mesekerrak 11 1.84 8.9% 

Commersonia bartramia bebechelut 14 0.71 3.5% 

Premna serratifolia chosm 2 0.65 3.2% 

Trichospermum ledermannii chelsau 12 0.64 3.1% 

Macaranga carolinensis bedel 9 0.57 2.8% 

Horsfieldia palauensis chersachel 3 0.47 2.3% 

Gmelina palauensis blacheos 2 0.38 1.8% 

Ficus copiosa uosech 2 0.33 1.6% 

Pinanga insignis chebouch 8 0.31 1.5% 

Planchonella obovata chelangel 3 0.26 1.3% 

Sphaeropteris nigricans cheluu 2 0.20 1.0% 

Flacourtia rukam var. micronesica chemchong 3 0.19 0.9% 

Alphitonia carolinensis chelebiob 1 0.18 0.9% 

Pandanus aimiriikensis chertochet 17 0.17 0.8% 

Fagraea ksid ksid 2 0.15 0.7% 

Drypetes nitida keuert 4 0.11 0.5% 

Semecarpus venenosus tonget 1 0.09 0.4% 

Draceana multiflora orredakl 1 0.07 0.3% 

Mussaenda philippica cherecheroi 4 0.06 0.3% 

Phyllanthus macrosepalus ngolm 1 0.05 0.2% 

Calophyllum inophyllum btaches 1 0.03 0.1% 

Wikstroemia elliptica tebudel 1 0.02 0.1% 

Schefflera elliptica bungaruau 1 0.01 0.05% 

Morinda citrifolia ngel 2 0.01 0.05% 

unknown with small leaves  1 0.003 0.01% 

  172 20.56 100%% 
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Table 3. Species on transect sorted by frequency or number of trees 

Species Palau Name Count Volume 

Percent of 

Total 

   m3 count 

Rhus taitensis cheues 47 5.21 27.3% 

Pandanus aimiriikensis chertochet 17 0.17 9.9% 

Commersonia bartramia bebechelut 14 0.71 8.1% 

Trichospermum ledermannii chelsau 12 0.64 7.0% 

Syzygium mesekerrak mesekerrak 11 1.84 6.4% 

Maranthes corymbosa bkau 9 4.84 5.2% 

Macaranga carolinensis bedel 9 0.57 5.2% 

Campnosperma breviopeltata kelelcharm 8 3.01 4.7% 

Pinanga insignis chebouch 8 0.31 4.7% 

Drypetes nitida keuert 4 0.11 2.3% 

Mussaenda philippica cherecheroi 4 0.06 2.3% 

Horsfieldia palauensis chersachel 3 0.47 1.7% 

Planchonella obovata chelangel 3 0.26 1.7% 

Flacourtia rukam var. micronesica chemchong 3 0.19 1.7% 

Premna serratifolia chosm 2 0.65 1.2% 

Gmelina palauensis blacheos 2 0.38 1.2% 

Ficus copiosa uosech 2 0.33 1.2% 

Sphaeropteris nigricans cheluu 2 0.20 1.2% 

Fagraea ksid ksid 2 0.15 1.2% 

Morinda citrifolia ngel 2 0.01 1.2% 

Alphitonia carolinensis chelebiob 1 0.18 0.6% 

Semecarpus venenosus tonget 1 0.09 0.6% 

Draceana multiflora orredakl 1 0.07 0.6% 

Phyllanthus macrosepalus ngolm 1 0.05 0.6% 

Calophyllum inophyllum btaches 1 0.03 0.6% 

Wikstroemia elliptica tebudel 1 0.02 0.6% 

Schefflera elliptica bungaruau 1 0.01 0.6% 

unknown with small leaves  1 0.003 0.6% 

Total  172 20.56 100%% 
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Figure 16.  View of quarry site from main access road approaching quarry site  August 8 (top), 

view from center of site May 17, 2025 (center) from ridgetop August 2 2025  by T1 (bottom ).  
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Figure 17.  The common Nephrolepis obliterata (terroter)  

 

 
Figure 16.  Ground Orchids on site August 2, 2025  Spathoglottis carolinensis (left), Crepidum 

setipes (right)  

 
Figure 18.  Orchids documented along Transect 3 on  August 3, 2025 From left to right: ground 

orchid  Nervilia platychila, and epiphyte orchids: Cheirostylis raymundi on site, C.raymundi in 

flower, Oberonia palawensis and Taeniophyllum palawense found by T3 on August 3.  
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Figure 19.Moerenhoutia hosokawae (center and right ) August 3, 2025 

 
Figure 20.  August 2, 2025   T2 plants observed from left to right: Medinella  blumeana 

(teketekoel) ,  Syzygium mesekerrak (mesekerrak) Drypetes nitida keuert  

 
Figure 21. Plants observed on Aug 2, 2025 near  Transect 1  from left to right  Salacia chinensis 

(detimel)  and Osmoxylon truncatum (kesiamel) and Pandanus aimiriikensis (chertochet)  

 
Figure 22. Plants observed during May-Aug Fieldwork from left to right: Large Maranthese 

corymbosa (bkau) left, the tree fern, Sphaeropteris nigricans  (cheluu) (center)  and the endemic  

Astronidium palauense (mesekui) (right) along upper access road August 9, 2025. 
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Figure 23.  The endemic Gmelina palawensis  (blacheos) fruit (left), Fagraea ksid (ksid)  (center) 

and Connarus semidecandrus vine(chemecherasech) (right) August 2, 2025 

 

 
 

Figure 24.  Trees observed during May 17 2025 from left to right:   Pinnaga insignis (chebouch)  

Osmoxylon truncatum (kesiamel), Trichospermum ledermanni (chelsau), Campnosperma 

brevipetiolata (kelelacharm) and the poison tree,  Semecarpus  venenosus (tonget). 

 

6.3.3.1 Ground cover 

 

During 2025  over 21 species of plants were found as ground cover including  species of tree 

seedlings Refer to Table 7 and Figure 24. The dominant cover was the ferns Dicranopteris linearis 

(itouch) in open areas,  Nephrolepsis obliterata semi-open areas (terroter) and unidentified weeds 

and grass in open areas. Near the transects  we observed the plant, Tacca palmata  and the orchids 

including the endemic Crepidium setipes  and native Spathoglottis carolinensis. In some areas 

outside the transects Dicranopteris linearis var. ferruginea (itouch) was common.   

 

 
Figure 25.   Transect 2 with a large field of the fern Nephrolepis obliterata (also known as N. 

biserrata). During August 2, 2025  T1 Selaginella pseudo-volkensii (center) and Asplenium nidus 

(right) were found as ground cover.   

 

 
6.3.3.2 Epiphytes 

 

The epiphytic ferns, Asplenium nidus and, Microsorum scolopendria were found. The most 

common  epiphytic vine was Derris trifoliata (kemokem).  In general, more epiphytes were found 
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on the larger and more common trees of the forests.  Three epiphytic orchids  Cheirostylis 

raymundi, Oberonia palawensis and Taeniophyllum palawense were found on one Premna 

serratifolia (chosm) tree on Transect 3. 

 

6.3.4 Birds and Wildlife  
 

During 2025, the TEI team observed or heard of at least 13 species of birds in the forest that 

included endemic bird species and 5 endemic subspecies, 3 indigenous or native species. The count 

was done at the central cleared area of the project site.  The number of bird species is considered a 

critical number of species based upon the National Bird Protocol (Table 4 in Appendices). The 

most abundant species were the swiftlets (chesisekiad), fruit doves (biib) and starlings (kiuid). The 

biib were heard and observed during each field day.  During August 2 and 3, 2025, several Nicobar 

pigeons (laib) were observed on the access road and on site. Laib is an endemic subspecies of  

environmental concern. The ground dove, the cicada bird, the fantail and bush warbler and cicada 

bird were also observed. Refer to Figure 26. We observed an emerald skink, Lamprolepis 

smaragina and the invasive cane toad, Rhinella marina floating dead in the water hole on site. The 

endemic fruit bat Pteropus pelewensis was observed flying low over the site. A total of 23 fruitbats 

were observed on a Maranthes corymbosa (bkau)  tree approximately 300 feet SE below the lower 

access road. Refer to Figures 27 to  29.   

 

 
 

Figure 26.   Nicobar Pigeon (laib) (left and center )Photograph by Clarence Kitalong Jr. 

Nicobar pigeon (right ) Photograph by Niro Nobert.  Female cicada bird (left) Photograph by Niro 

Nobert. Fantail (center) and bushwarbler (right) photographs by Milang Eberdong  observed on 

the access road and on site.  
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Figure 27.  Emerald Skink Lamprolepis smaragina (left)  and dead invasive cane toad, Rhinella 

marina in a pool on site (right).  

 

 

  
Figure 28.  Fruitbat roost (n=23) to the southeast corner of the site observed in a Maranthes 

corymbosa (bkau) on September 23, 2025. Approximately 300m SE of the proposed site. 

Photographs by Niro Nobert.  
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Figure 29  Fruitbat roost (n=20) to the southeast corner of the site observed in a Maranthes 

corymbosa (bkau) on October 18, 2025. Approximately 300m SE of the proposed site. 

Photograph by Ann Kitalong 

 

 

6.3.5 Species and Habitats considered rare, endangered, threatened, sensitive or 

otherwise unique 
 

All endemic plants and animals are considered sensitive.  We found over 9 endemic plants listed in 

Table 2 in Appendices.  We saw or heard 5 endemic and 5 endemic subspecies of birds and the 

endemic fruit bat. These savanna and forests are sensitive ecosystems in the watersheds of 

Ngardmau. The habitat map shows how the forests are commonly found near the rivers and streams. 

The savanna and forests are critical habitats to buffer the rivers and help filter runoff, they provide 

vital habitat for wildlife.  

 
6.4 Socio-cultural, economic and political environment 

 

6.4.1 Potential Ecosystem Value 
 

This project is expected to have social-cultural, economic and political impacts.  The potential 

ecosystem services (PES) value for tropical forests is $5,382/ha/yr (Costanza et al., 2014). 

Therefore the value of the 43,896 m2  or 4.389 ha (ha is 10,000m2) is $5,382 x 4.389 ha = $23,621/y 

and $2.3M over a 99 year period. These services include food, medicine, construction materials, 

wildlife habitat and a carbon sink.   

 

6.4.2 Commercial Lease  Agreement 
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During August 17, 2025, Commercial Lease  Agreement was signed between the Governor of 

Ngardmau and the President of S4 Construction.. The agreement will provide with $15,000 /y or 

4% of the receipts (profits) whichever is higher  to Ngardmau State.  Refer to Appendix 2 

Commercial Lease Agreement.  

 

6.4.3 Community Engagement  
 

6.4.3.1 Socioeconomic Survey  

 

During 2025, the 21 community members residing in Ngardmau were interviewed regarding the 

reopening of the existing quarry site.  They were from Ngerutoi (10), Urdman (6) and Ngmall (5). 

A total of 14 men and 7 women were interviewed.  Their level of education was Elementary School 

(2), High School (10), and College (8). Ten respondents were employed full time, nine were 

unemployed and one was self employed.  The industries they participated included the following: 

administrative work (34%), other service activities, agriculture and forestry, and human health and 

social work (14%), accommodation and hospitality, tour operations, construction, restaurant, and 

finance (9%), household work, professional services, technical work and education (4%).  Most 

participants (67%) were engaged in fishing and farming of which 35% harvested for consumption 

and for sales, 35% harvested for consumption and 9% harvested for sales.     

Monthly incomes of the participants were as follows: less than $500 (4%), $500 -$1500/mo  (18%), 

$1,500 to $2,000 (24%) and $2,000 to $2,500/mo (4%).  The top source of income for participants 

was from salary (80%). Other sources were farming, fishing and pension and social security.  Most 

participants (85%) stated that their employment was not affected by any event. A few (5%) were 

affected by events because they fished or hunted.   

 

The top expenses of the participants were utilities (95%), followed by household supplies, 

transportation and family customs and food (51%), fishing involved fuel and maintenance (19%), 

betelnut alcohol, education (12%), farming tools (10%) and  rent and mortgage (5%). Most 

participants lived in Ngardmau for 5-10 years or more (68%), followed by 1-5 years (19%).  Nine 

individuals (43%) perceived no social/cultural changes in the community.  Nine (43%) perceived 

a slight change.  Two individuals (14%) perceived significant change in the community.  

 

Five individuals (24%) perceived a positive effect in their daily life from the proposed quarry. Four 

individuals (19%) perceived no effect on their daily life from the proposed quarry. Three 

individuals (14%) did not know if there would be an effect or not. Six individuals (29%) perceived 

negative effects due to increased noise and dust, habitat destruction, loss of biodiversity, land 

degradation, climate impacts, and high water use. One individual stated that there were benefits for 

the quarry economically but there were also negative impacts due to noise and dust.  

 

Seven of ten  respondents (70%)  perceived changes as following: federal grants to help community 

projects,  roads and cleaner areas, and also unfinished roads. One respondent stated that the waters 

around Uchelrael Dock used to be very clear and bountiful.  Compared to today, where corals are 

covered in dirt from the land and there are less fish and cheled. A respondent stated that Ngardmau 

Stateós nature is pure with a lot of resources and the quarry is going to have a negative impact on 

the ecosystem. Three  of the ten perceived no change (30%).  

 

Fifteen individuals responded to what important issues exist in the neighborhood that need to be 

addressed.  Six respondents (40%) were concerned with the roads- maintenance, road to 

Btelulachang, street lights and sedimentation from the roads impacting their gardens. Three 

respondents (20%) were concerned with drugs, alcohol and need for curfews.  Individual responses 
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included capacity building and food security, lease programs and land ownership issues, major 

decisions made by leaders that do not represent  interest of the public. Three responses perceived 

no issues of concern.  When asked if these issues can be resolved, eleven of the 14 respondents 

(72%) perceived that  these issues can be resolved in the following ways:  through raising 

awareness, use gravel from the quarry can be used to fix the roads,  job opportunities,  youth 

activities, strengthen the Ngardmau State Public Land Authority, a more active and involved 

government.  

 

Individuals were asked  if they were aware of any ongoing projects.  Five of 12  respondents (41%)  

were aware of road projects. Three respondents (25%) were aware of the quarry and sand mining 

projects. Four respondents (30%) were unaware of ongoing projects.  When asked what 

environmental issues worries them the most, four participants responded. Three respondents (75%) 

were concerned with dust and air quality. One respondent did not know. When asked if they wanted 

to be updated about the quarry, seven provided a response. Five respondents provided email and 

phone numbers and one respondent  wanted notification via news (subed). One respondent did not 

want an update.  

 

The Governor of Ngardmau and partner Mr. Salvador have had several meetings with 

Ngardmau State leadership and the community. Refer to Appendix 1. There has been a 

scoping meeting and a site visit and meeting in Ngardmau with EQPB.  

 

6.4.4 Benefit of Proposed Project  
 

In 2025, a clear benefit for the communities was that they will have a new and better managed 

quarry site.  They could rehabilitate the existing site and access road which is a safety hazard to the 

people of Ngardmau.  The potential economic benefit for the National, State and private sector and 

to all the community members will be the funds they redeemed from lease of the public land and 

potential access to green waste and basalt to restore bare eroding soils at the nearby Ngerdorch 

Reserve.  The basalt aggregate is also available for local construction projects.  There was an 

opportunity for the Ngardmau residents to partner with the State to initiate restoration projects and 

potentially upgrade the road Ngchercheluus Ngardmauôs PAN site and Palauôs highest point.  It 

was recommended that Ngardmau State develop a Master Plan with zoning  that includes this area.  

 

6.4.5 Cost or Impact of the Proposed Project 
 

The relative peace and tranquility at the proposed site will be decreased by the sound of vehicles 

transporting aggregate and the overall extraction and processing of the basalt aggregate at the site. 

There are no homes near the site in this area. Potential negative impacts are as follows: increased 

pollution from basalt processing into adjacent forest  and a potentially unmanaged and unsafe 

quarry site. This was also expressed in the socio-economic survey.  

 
6.4 Recommendations 

 

It is recommended that the applicant work closely with the Governor and NPLA and National 

Public Works and other private quarries to support efforts to provide steady supplies of basalt 

aggregate. It was further recommended that adequate funding be secured to enable aggregate to be 

made available to meet the needs of Ngardmau State for at least the next 25 years of projected 

growth.  
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7. Impact Assessment 

 

General biological resource impacts were the following:   

 

1) Removal of vegetation to reopen the existing quarry site and access road.  

 

2) Long term impacts to water quality in the nearby watersheds  

 

3) Health and sanitation issues include rats and insects that can transmit diseases to people. 

 

4) Solid waste and sewage pollution during construction of this project. 

 

5) Air Quality  

 

6)  Introduced species 

 

7) Water and Energy Demand 

 

8) Noise Levels  

 

9) Climate change 

 
7.1 Impact 1 Removal of terrestrial habitat  

 

Direct impacts (removal) of sensitive habitats, sensitive species and their habitats will impact  

movement corridors of sensitive species and indirect impacts (behaviour disturbance due to the 

noise of the  proposed quarry activities.  

 

The removal of vegetation especially upstream from the nearby tributaries which drain into the 

Watershed and Watershed  can potentially cause pollution and sediment accumulation in these 

water ways.  Removal of forest and savana reduce the carbon sink of Palau, that absorb carbon 

dioxide and reduce the green house gases emitted in the atmosphere causing global warming. The 

forests and savana provide habitat for wildlife.  

 
7.2 Impact 2 Water Quality 

 

Short and long-term impacts to water quality in the Ngerchetong River and Irur Watershed s from 

pollutants, silt, and sediment and runoff from the quarry.   

 

A major concern for this project is freshwater quality. Test results from the ponds on site  indicate 

that the ponds do not meet EQPB freshwater quality standards based upon high bacteria counts, 

high turbidity, low oxygen levels.  The water quality at the Ngardmau Dock site did not meet EQPB 

water standards based upon high bacteria and turbidity. The blue line stream, Ngerchetong River  

is part of the upper tributary of the Irur Watershed and the upper tributary is about 150 m from the 

quarry site. Pollutants cause the normal oxygen levels to, temperatures to rise, and nutrient levels 

to increase and be hazardous to all living organisms.  A specific range of these parameters is vital 

for survival of organisms in these wetland environments. It is critical that proper erosion controls 

are set along all boundaries of the site adjacent to ravine forests to the south and north. A zone of 

native vegetation is required by blue line streams to act as a natural filter of sediments.  
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7.3 Impact 3 Health and Sanitation Issues 

 

The proposed Quarry Site  includes staff housing and a septic tank system for the personnel.  

Improper maintenance and management can potentially lead to leakage of polluted septic waters 

into the adjacent environment.  Standing water on the site can serve as breeding grounds for 

mosquitoes that carry viruses for dengue fever. Solid waste that is potentially unmanaged and 

unsegregated can lead to breeding areas for rats and other invasives that carry disease.  

 
7.4 Impact 4 Liquid, Solid and Hazardous Waste 

 

Impact 4 is interrelated with Impact 3 that deals with liquid and solid waste and the potential health 

and sanitation impacts if these wastes are not properly managed.   Potential negative impacts 

include health problems from enteric bacteria entering the nearby water. Hazardous wastes 

(lubricants, oil, fuel) can also lead to negative impacts to the surrounding habitats and wildlife.  

 
7.5 Impact 5. Air Quality  

 

The proposed quarry project will impact the air quality because of dust and fine particulate matter 

that will be produced during extraction and processing of the aggregate.  

 
7.6 Impact 6 Introduced Species 

 

During 2025, a dead toad, Bufos marinus was observed floating in the existing pool of water on 

site. Refer to Figure 26. A total of 6 invasive plants were found.  Invasive species compete with 

native species. The area is vulnerable during the proposed quarry activities leading to open clear 

areas where invasive species can potentially proliferate.  The previously cleared areas from the 

previous quarry contain a multitude of invasive species. There is currently a virus that is reducing 

the populations of  the endangered Manilkara udoido (udeiud) trees throughout Babeldaob.  

Prevention includes proper management of green and brown waste and proper cutting of trees and 

management. The virus proliferates in injured trees.  

 
7.7 Impact 7 Water and Energy Demand 

 

Water and energy demands will increase for the proposed quarry project.  The demands may impact 

accessibility and supply to the local population. 

 
7.8 Impact 8 Noise Levels 

 

The noise levels will increase for the proposed project. The increase in noise may impact the 

behaviour of wildlife.  The warning, breeding and feeding calls and sounds of animals may cause 

behaviour changes and impact their life cycles of breeding and feeding. 

 
7.9 Impact 9 Climate Change 

 
The predictions of climate change in Palau are more intensive storms, increased rainfall, increased 

temperatures. These predictions will impact the personnel and ecosystems at the proposed quarry 

site.  
 

 
7.10 Impact 10 Loss of alternative land use options 
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The proposed site is a diverse forest that is within an upper watershed in Ngardmau. The option of 

the site for housing, agriculture and conservation are not possible if the site is used as a quarry site.   

 
7.11 Biological impacts considered significant 

 

Biological impacts considered most significant are listed in order of importance below:  

 

1) Removal of vegetation can cause potential soil erosion and sediment overload into nearby 

watersheds and will disrupt life cycles of organisms such as freshwater fish and snails.  Loss of 

plants can result in loss of topsoil and create an already infertile unproductive land.  

 

2) Potential short- and long-term change in water quality.  Water is essential for all living organisms 

to survive. If the water is polluted all organisms are in jeopardy within all habitats.  Potential 

pollutants from terrestrial runoff, chemical pollutants like pesticides and fertilizers and sewage 

waste can harm all living things in the fresh water and terrestrial environments.  

 

3) Health and sanitation conditions that can potentially cause illness within the community such as 

rodents and pests attracted to the site and mosquitoes carrying disease. 

 

3)  Potential short and long-term change in air quality.  Clean air is essential for all living organisms 

to survive. If the air is polluted the terrestrial ecosystems and life  are impacted. 

 

4) Solid waste and sewage disposal and potential oil and fuel spills and leakages during the project 

implementation will have a negative impact on this watershed if not implemented properly. 

 

5) Air quality will potentially be impacted by the project affecting the health of personnel and the 

terrestrial ecosystems.  

 

6) Introduced species can potentially create havoc on natural plant and animal communities as have 

been described in earlier sections.  The greatest threat to the bird community is the potential 

introduction of the brown tree snake of Guam. 

 

7) Short- and long-term water consumption for the quarry operations.  During periods of drought 

water usage may impact downstream water flow and biological freshwater communities as well as 

the water table. Quarry operations may be limited based upon the water quantity available.  

 

8) Noise levels will potentially impact behavior and life histories of wildlife and the Ngardmau 

community.  

 

9) Climate change is currently and predicted to cause more intensive storms, increased temperatures 

and periods of drought that impact biological systems including the Ngardmau community  

 

10) Loss of alternative land use options 

Secondary impacts of increased land activities.  The presence of endangered or endemic species at 

or near the site warrants concern over increased land activities. Much is still unknown about the 

migratory patterns of these species. 

9) Climate Change.  The climate predictions for Palau include more intense periods of drought and 

typhoons and storm surges, sea level rise and increased temperature.  These climate predictions 

will impact the personnel and ecosystems for the proposed project.  
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8.  Mitigation M easures for the Project 

 
8.1 Mitigation 1 Removal of habitat 

 

Mitigation: It is important to remove only what is necessary to rehabilitate  the existing access 

road and existing quarry  site.  

 

1) Reduce the footprint of the proposed project to minimize loss of native forest habitat especially 

along the upper tributaries. 

 

2) In advance of the implementation of earth work and facility construction for the proposed quarry, 

collect seeds and seedlings of  native trees, shrubs and  transplant to a temporary nursery near the 

implementation area or to the Ngardmau state nursery for propagation.  These plants can be used 

for landscaping the site and other public areas in Ngardmau State. Work with the  Ngardmau State 

nursery manager  to develop a relocation plan for plants. Refer to Figure 28. Set up an area on site 

to process trees that are good for construction purposes (i.e. blacheos) or for firewood (bkau) needs 

and made available to the community.  Utilize local nurseries whenever possible and develop a 

nursery on site using a variety of endemic and indigenous plants already found on site and listed in 

Tables 4-5.  The seeds and seedlings can be relocated to the Ngardmau State nursery for 

landscaping public infrastructure in Ngardmau.  

 

3) Utilize common native species, preferably endemic, indigenous or rare plants for landscaping. 

Landscape with native trees along the boundary of the site where there is now savanna and areas 

previously cleared to further buffer and reduce impacts to this watershed.  

 

4) The soil types are poorly suited for development due to highly erodible soil, steep slopes due to 

the slope and low soil strength.  If buildings and roads are built, the low soil strength can be 

improved with adequate amounts of crushed coral or basalt to ensure stability of the roads and 

reduce potential erosion and sedimentation.  

 

5) Local non-invasive or local lawn grass type species should be used for the landscape areas facing 

the access road and the slopes of the berm for the disposal area.  

 

6)  Regular ( at least quarterly) bird monitoring at  at least 4 stations to ensure bird populations in 

adjacent areas are not impacted by the project 

 

7) Hire an on-site biologist prior to proposed vegetation removal to determine if there are any 

nesting birds. Whenever possible avoid a nesting area until fledgings have left the nest.  

  

 
Figure 28.  Ngardmau State nursery August 8, 2025  
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8.2 Mitigation 2 Long term impacts to water quality and water consumption for processing 

 

1) Establish a  monitoring program for water quality is needed to address long-term impacts to this 

watershed. There should be regular water monitoring of the stream on site and the adjacent streams 

near the proposed site for fecal coliforms, turbidity, and other harmful byproducts (oil, lubricants) 

of the quarry operations as determined by EQPB. The greatest potential source of runoff of 

sediments will occur during the removal of soil and vegetation to access the basalt rock and any 

cut and fill and grading to prepare the site.  It is important that all soil erosion mitigation 

infrastructures (i.e., silt screens, sediment traps on site now) are in place before any further coring 

of soil, clearcutting or grading continues. Throughout the duration of the project, strict erosion 

control practices must be implemented to protect the streams from an overload of sediments 

2) Establish a monitoring program of the forest health and adjacent tributaries will be established 

for the duration of this project in partnership with the EQPB, Forestry and Ngardmau State.   

 

3) Set up an effective closed system for quarry sediment and by-products for this proposed quarry 

site that does not drain into the nearby water systems reestablishing sediment ponds. Surface 

erosion control should involve planting ground cover plants immediately after earthwork is done.  

 

4) A silt fence along the entire down slope forested area and along the stream banks on either side.  

Good erosion control management practices and monitoring will be applied for the duration of this 

proposed project. First the plants and soil covering the rock surface will be stripped and transported 

to low-lying areas of the quarry for filling. Second the filling area will be marked and wooded 

stakes will be driven around the perimeter to reinforce and prevent soil from spilling out.   Silt 

fences and sediment ponds will be placed in erosion prone areas.  

 

5)  Establish a vegetative buffer of at least 20m is required near the blue line streams. It is 

recommended to have a 20 m buffer around the entire proposed site as a buffer for impacts of the 

quarry.  

 

6) A storm water management plan will be developed in accordance with EQPB regulations. The 

applicant will implement a site erosion control plan that includes an inventory of material on site 

and erosion control infrastructure. For example, silt screens and sediment traps will be constructed 

and set in place before construction begins.  This includes screens that line the forest edge and also 

diversion traps in low areas where water enters the adjacent watershed.   

 

7) Monitor and maintain the screens and traps and other erosion control measures throughout the 

duration of the project. Test the sediment control system to ensure that it is functioning properly. 

Maintain logs and testing results for sediment levels that are submitted weekly to EQPB.  

 

8). We recommend that less than an acre of land (an acre is 4047m2) be exposed at any given time.  

All recently graded areas greater than one acre should be covered with industrial plastic cover or 

locally produced equivalent to prevent runoff.  Soil erosion on more than an acre of bare soil is 

almost impossible to manage during a heavy rain. Appropriate materials should be available on site 

to cover bare areas and stockpile areas during heavy rains.  Materials could include industrial 

erosion control matting.  

 

9) Implement a basic policy to avoid any obstruction of the natural drainage at the site. A minimum 

buffer of 60 ft (20 m) is required for blue line streams. Implement a basic policy to maintain a 60-

ft buffer zone or more along the forested areas and steep sloped grasslands on the eastern and 

northern side. The buffer zone should consist of existing undisturbed vegetation and forests 
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wherever possible. Place 2 to 3 rows of silt fences, 2 to 3 rows of plant native shrubs and 2 to 3 

trenches down slope to help retard or reduce any flow of sediment off site.  

 

10) Avoid stockpiling soil or wastes near the river tributaries. Any stockpiles should be located at 

least 100m away from the tributary drainage systems NE of the site. 

 

11) Replant the exposed areas with similar native vegetation and trees as was present on site before 

the removal as soon as possible or cover this area.   

 

12) Retain a biologist and engineer and public health expert throughout the duration of the 

construction and operation of the quarry facilities to ensure proper construction and implementation 

of the quarry waste management plan. Their scope of work would include monitoring and 

maintaining structures or activities developed for mitigation.   

 

13) Develop standard operations procedures and protocols for all phases of construction and 

operations for the proposed quarry to mitigate impacts to the adjacent ecosystem. 

 

14) Applicants set up a rainfall gauge to collect data and monitor to ensure that rain water is 

adequate for required consumption and does not impact the surface flow or water-table especially 

during drought periods.   

 

15) Drain the existing ponds to remove polluted waters and clean the bottom if there are any 

hazardous materials or contaminated soils at the bottom of the ponds.  

 

16) Reduce water consumption and processing during periods of drought as advised by EQPB. 

 
17) Use the  dirty water generated by rainwater washing the piled crushed stone will flow into the 

rainwater collection pit through drainage ditches, where it will settle. After purification, the water 

will be used for domestic purposes. The processing waters  will be regularly tested and recycled 

for reuse.  

 
8.3 Mitigation 3 Health and Sanitation Issues 

 
1) Implement a 3R program (reuse, recycle, reduce) for  waste for the life of the project with a goal 

for zero waste.  
 

2)  Septic system in compliance with EQPB regulations.  

 

3) Waste management program to avoid breeding grounds for rats and mosquitoes.  

 

4) Regular sanitation inspections to ensure the site is a healthy and safe work place. 

 

5)  Personal Protection Equipment (hard hats, masks, eye protection equipment) is in use 

with available equipment for site visits.  

 

6)  Conduct regular safety drills with personnel to ensure communication networks, 

communication and first aid equipment and transport are ready for an emergency,   

 
8.4 Mitigation 4 Solid Waste, Sewage Storage and Discharge and Hazardous Waste Management 
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Solid waste management plans are implemented during the lifetime of the proposed project  

Recycling of aluminum cans and plastics will be practiced. Solid waste should be removed from 

the site on a regular basis throughout the lifetime of the proposed. Storage areas for solid wastes 

must follow all the sanitation guidelines stated in EQPB regulations.  

Hazardous wastes such as oil and fuel and lubricants can impact the environment. Any use of 

ordinance requires special storage and disposal protocols through EQPB and ordinance experts. 

Currently there is no plan to have ordinance on site.  

 

1) Use portable toilets that are located on flat and least sloped areas that meet specifications 

approved by EQPB. 

 

2) The domestic wastewater will be directly discharged into a septic tank that will be regularly 

pumped and cleaned.  

 

3) Oil spills and leaks will be contained within the refueling areas that will be equipped with 

leakage prevention measures and cleaned regularly that have met EQPB specifications.   

 

4) It is important that a well-regulated hazardous waste storage facility be built and managed onsite for 

any hazardous or potentially hazardous wastes. These substances must also be identified and 

properly stored and disposed of during construction and operations of the landfill.  
 

5) There is a list of restricted use pesticides, insecticides and herbicides and fertilizers that can only be 

used under certain conditions. All pesticides and herbicides need to be cleared through EQPB and 

the Department of Agriculture in Palau and the Agricultural Department at Palau 

Community College.  Biodegradable products are now on the market that have been tested 

and are safe to use. We strongly recommend that only biodegradable products be used 

during site preparation and soil stabilization.   

 

6)  Establish a hazardous (lubricants, oil, fuel) storage area following EQPB specifications.  

 

7) Any need for explosives will be subcontracted and a plan approved by the Bureau of Public 

Safety. 

 
8.5 Mitigation 5. Air Quality  

 

1) All equipment needs to meet EQPB standards for air emissions 

2) Have regular wetting down of equipment and processes to reduce the dust and particulate 

matter production. 

3) Personal Protection Equipment needs to include mask and eye cover glasses for personnel 

working at the site.  

4) Air quality monitoring equipment is recommended.  

 

 
8.6 Mitigation 6 Introduced species 

 

1) The prevention of introduction from equipment or containers is critical and most cost 

effective. It is important to eradicate invasive species as quickly and effectively as possible.  

All solid waste and soil removed from the proposed site should be inspected by the Bureau 

of Agriculture for invasive species. If invasive species are found at or near the site this 

should be reported to the Bureau of Agriculture Invasive Species Program. 
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2) Prevention is the most cost-effective way to deal with invasive species.  All equipment 

needs to be cleaned, and invasive weeds or animals need to be destroyed immediately.   

Posters and awareness pamphlets about these organisms should be available for the quarry 

personnel and management. It is imperative that this project does not result in the 

introduction of any other invasive species from elsewhere in Palau through disposal of 

unwanted weeds or aggregate and aggregate by products during the lifetime of the quarry 

or from heavy equipment contaminated with seedlings.  A potential threat is the brown tree 

snake, Boiga irregularis.  The brown tree snake in Guam has almost wiped out the native 

bird populations. All green and brown waste needs to be disposed of properly to avoid 

recreating habitat for rhinoceros beetles and other pests.  

 

3) The green waste (roots, small branches and un-usable material) needs to be properly 

shredded and processed. Any piles of green waste need to be spread and turned over to 

avoid creating an area that will breed the Rhinoceros beetle.  

 

4) Any pesticides, herbicides and insecticides and fertilizers proposed for the project need to 

be listed and approved by the Department of Agriculture and EQPB. Application methods 

must be clearly stated.  Storage of these chemicals must be in designated areas with proper 

containment and disposal clearly stated.  We recommend that the applicant consult with 

the Division of Agriculture, the Palau Community College and the EQPB regarding safe 

biodegradable pesticides and application.    

 

5) Control and if possible, eradicate any invasive alien species. Consult the Division of 

Agriculture and the National Invasive Species Committee (NISC) Office regarding 

invasive or potentially invasive plants and animals associated with plants.   

 

6)  Whenever possible use local non-invasive seeds and plants to hydro seed the slopes and 

revegetate the site.  It is important that all plants imported be screened and approved by the 

Division of Agriculture.   

 

7)  All equipment and materials shipped or flown in for this project needs to be screened for 

introduced plants or animals. Any introduced plants and animals found should be destroyed 

immediately. The quarantine and customs agents need to be consulted to determine the best 

way to screen for unwanted introduced pests. A mechanism needs to be in place to monitor 

for and eradicate any accidental introductions. 

 
 

8.7 Mitigation 7 Water and Energy Usage 

 
1) Practice best water and energy conservation methods.  Design and construct rain catchment tanks 

with capacities to hold water for periods of drought and dust control if needed. Use alternative 

energy such as solar for the site.  Use renewable energy options such as solar energy where possible 

for the site. 

 
8.8 Mitigation 8 Noise Levels 

 

1) All processing equipment and trucks need to meet EQPB standards for noise levels 

 

2) Community notices need to be provided prior to periods of loud noise  
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3) Avoid production during potential nesting or breeding seasons of wildlife based upon local 

knowledge and regular bird monitoring on site.  

 
8.9 Mitigation 9 Climate Change 

 

1) Develop emergency mitigation action plans for unpredicted heavy rains and 

unforeseen limitations of final mitigation measures.   

 

2) Develop and implement a site maintenance and management plan that will be the 

responsibility of the quarry management team.  

 

3) Build infrastructure and ESC infrastructure that is climate resilient.  

 
 
8.10 Mitigation 10 Loss of alternative land use options 

 

1) Work with Ngardmau Public Lands Authority and Ngardmau Planning commission to 

establish zoning for commercial activities and master plan for Ngardmau State to ensure 

the community has input on areas available for commercial activities, community 

recreation and education, housing, agriculture, and conservation for future generations.  

 
8.11 Summary Matrix of predicted environmental issues/impacts and proposed   mitigation/ 

enhancement measures and responsibilities 

See Attachment  

 
8.12  Environmental Management and Monitoring Plan 

 

The proposed quarry and adjacent streams will be monitored regularly to serve as a baseline 

for a monthly monitoring program for the duration of the project. Regular inspections by 

Environmental Sanitation will ensure that there are no areas on site that serve as breeding 

grounds for mosquitoes or rodents.  The Bureau of Agriculture will make regular 

inspections for invasive species. Erosion and sediment control infrastructure will be 

monitored daily and modified according to changing conditions on site. EQPB compliance 

officers will inspect the site periodically to ensure compliance.  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 lease holder.    

 
9. Summary 

 

The goal of the proposed re-opening of the Ngardmau Quarry is to provide aggregate for 

development in Ngardmau State and elsewhere in Palau and potentially abroad.  An 

estimated 10% of the site has been impacted from the previous quarry. It is recommended 

to retain a 20 m vegetative buffer around the periphery of the site. It is required to have a 

20 m vegetative buffer along the stream on site. The diversity of plants and animals was 

high.  Wherever possible, do not deforest areas that have not been previously impacted.  
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Implementing an effective and successful water quality monitoring program and bird 

monitoring program is recommended. The water quality of the ponds on site do not meet 

EQPB standards.  

There was a diverse bird and bat population on site. It is important to monitor the bird and 

bat populations to ensure the activities of the quarry have minimal impact on the existing 

populations.   A solid and liquid waste program and specific Standard Operation 

Procedures for any hazardous waste is required. The goal should be zero waste, as all 

natural and man-made materials used, and produced can be reused in Palau or elsewhere 

in the world.   The applicant proposes to produce aggregate with minimal impact to two 

watersheds.  Through a conscientious effort of management and personnel all hazardous 

waste, old scrap metal and construction debris and tree cuttings can be recycled by the 

national recycling center in Koror and private companies. Organic wastes can be used for 

compost for home gardens. An alternative configuration of the proposed location of the 

quarry will place the active quarrying operations further from the adjacent forest and 

streams. The applicant has had several meetings with Ngardmau State leadership and the 

community.  including a scoping meeting and a site visit with EQPB..   
 

å 
 

 
Figure 28.  Site Visit August 8, 2025 to Quarry Site 

 

 
 

Figure 29.  Site Visit Meeting with EQPB August 8, 2025 
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Figure  30.  August 8, 2025 Sign up sheet of Participants for August 8, 2025  EQPB Site visit.  

 

 

 
Figure 31. October 15, 2025 Meeting with EQPB, Ngardmau State and the Applicant 
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