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EXECUTIVE SUMMARY 

1. This initial environmental examination (IEE) presents the potential environmental impacts 

and appropriate mitigation for the replacement of existing, and installation of new, water, 

sewerage, and electrical power infrastructure in Ebeye, Republic of Marshall Islands (RMI). The 

IEE has been prepared in accordance with the requirements of the Asian Development Bank 

(ADB) Safeguard Policy Statement 2009 (SPS) and conforms to environmental assessment 

requirements defined in the RMI National Environmental Protection Act 1984 (NEPA). Chapter 1 

NEPA contains a set of regulations for protection of surface and marine waters, air quality, and 

managing of potential impacts from earth works, sanitation systems, waste and new 

infrastructure development. These regulations along with the Coast Conservation Act 2008, 

provide the framework for protection of resources and environmentally sustainable development 

in Ebeye, and are directly applicable to this project. 

2. Background. Ebeye, an islet in the Kwajalein Atoll has a significantly altered terrestrial 

environment, consisting almost entirely of built environment. The terrestrial and near-shore 

marine environments, and water quality, have been negatively impacted by inadequate 

sewerage collection and treatment, inadequate storm water management, and extensive sand 

and coral dredging on the near shore reef. 

3. The water system distributes for a few hours per day to a different area of the island, on 

one day each week, and with system losses, provides an estimated 12 gallons per capita per day 

(45 liters per capita per day) far below a typical per capita demand of 40 gallons (150 liters) (the 

Pacific Water and Wastes Association benchmark). Water quality is acceptable, with recent 

bacteriological tests at sample households being negative, and with a high residual chlorine level 

of 0.3 to 0.4 ppm. Other water sources include the widespread use of rainwater catchments 

4. The sewer system, which services approximately 75% of households, is dysfunctional, 

with dilapidated sewerage and pump stations, and a wastewater treatment plant that has not 

been operational for ten years. The existing wastewater outfall pipeline is in poor condition and 

approximately 250 feet (80m) of the outfall pipe has been covered with fill placed to create 

reclaimed land out into the lagoon. As a consequence, the effluent outlet of the outfall pipeline is 

only 250-350 feet (80-110m) from the existing shoreline. Water quality testing of lagoon coastal 

waters shows elevated fecal coliform counts at several sampling locations along the eastern 

coastline  

5. Electrical power is supplied by diesel generation. The power system was surveyed in 

2010 and judged in overall good condition due to recent improvements to the system (USACOE 

Ebeye Infrastructure Survey 2010). 

6. Existing facilities audit. An audit of existing facilities has been undertaken. The audit 

and document review found several issues of concern in regards to environment safeguards 

including World Bank Environmental Health and Safety Guidelines.  
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7. Most of the concerns relate to the chronic lack of maintenance, or periodic rehabilitation, 

of all the utility infrastructure systems. The water supply system is not providing sufficient 

service, in terms of delivery or quality. The wastewater system is causing contamination of land 

and near shore marine waters, and is a serious public health threat. The electrical system is in 

general good condition, but requires significant upgrades to maintain and improve environmental 

concerns, and to support the proposed water supply and wastewater investments. Audit findings 

and specific corrective action plans are included for the water supply, wastewater, and electrical 

sector. Corrective action plans have been prepared (Appendix A Tables A3.1 to A3.3). 

8. Project Description. The project will develop more efficient, effective, and affordable 

water, sanitation, and power services for Ebeye. The project will improve the health and safety of 

the resident population currently experiencing contamination from sewage outflows, resulting in 

a high incidence of waterborne, gastrointestinal disease. With the project providing adequate 

water supply, hygiene is expected to improve. The project is expected to provide environmental 

benefits such as improved coastal marine water quality, and reduced odor nuisance, by reducing 

sewerage overflows. Public safety will be increased through electrical power system 

improvements and procedures. Associated and cumulative benefits include, improved planning 

and management of future water supply and sanitation infrastructure, improved development 

planning, and increased tourism potential.  The project also will help develop the capacity of the 

Kwajalein Atoll Joint Utilities Resources (KAJUR) and Ebeye/Kwajalein Atoll Local Government 

(KALGov) to manage and monitor environmental performance of the water and sanitation 

systems. 

9. Proposed works for the water, wastewater, and electrical subprojects include: 

Water Supply Improvements 

 installing a new 420,000 gallons/day (1.58MLD) treatment plant which will provide 

all residents with an average of  28 gpcd (105 Lpcd) of clean water 

 constructing a new freshwater pumping station 

 installing a new 25,000 gal (100m3) capacity reinforced concrete or steel elevated 

freshwater tank 

 constructing a brine outfall 164 ft (50m) in length to dispose of brine effluent from 

the treatment plant (if this option is decided by the project) 

 upgrading 1120 ft (330m) of water distribution pipeline from 6 inch (150mm) to 8 

inch (200mm) diameter 

 installing new water supply distribution pipelines to supply un-served residents 

 installing bulk meters at appropriate locations 

 installing up to 800 new service connections 

 replacing existing corroded fire hydrants with 62 standpipes and providing a fire 

truck 
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Wastewater System and Sanitation Improvements 

 constructing a new 12 inch (300mm) diameter HDPE outfall 1150 ft (350m) in 

length on the lagoon side of the island to terminate with a diffuser at a depth of 98 

feet (30m) depth 

 constructing four new submersible pumping stations 

 installing 6mm fine screens at the junction manhole prior to discharging through 

the ocean outfall 

 rehabilitating 1475 ft (450m) of existing sewer pipeline 

 constructing 980 ft (300m) of 8 inch (200mm) sewer pipeline and 650 ft (200m) of 

6 inch (150 mm) sewer pipeline to provide sewerage service to all residents 

 repairing/replacing 1650 ft (500m) of saltwater flushing pipelines 

 repairing/replacing 880 saltwater flushing house connections 

 rehabilitating and/or replacing 120 manholes 

 constructing a new 12,500 gal (50m3 ) reinforced concrete elevated reservoir for 

saltwater toilet flushing 

Electrical System Improvements 

 replacing existing high voltage busbars and protection 

 replacing existing high voltage switchgear 

 installing a power plant data monitoring system 

 replacing all existing wooden power poles 

 installing three-phase cash power meters 

10. Categorization. The project's anticipated environmental impacts are classified as 

Category B under the SPS. Such projects are judged to be site-specific, have some adverse 

environmental impacts, but to a lesser degree, or significance, than those for category A 

projects. The IEE, and accompanying environmental management plan (EMP), will be updated 

at the detailed design phase by the project management unit responsible for implementing the 

project. 

11. Assessment of Impacts. The proposed works are assessed as having minimal and site 

specific impacts on the significantly altered terrestrial environment, which consists almost entirely 

of built environment. The terrestrial and near-shore marine environments, and water quality, 

have been negatively impacted by inadequate sewerage collection and treatment, inadequate 

storm water management, and extensive sand and coral dredging on the near shore reef. Project 

works will bring significant positive impacts to the Ebeye community with the improvements in the 

water, wastewater, and electrical systems. These improvements are expected to have flow on 

social and ecological benefits in improved public health, and improved water quality. 
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12. The main adverse impacts are associated with the construction of the proposed sewer 

outfall pipeline across the near shore lagoon reef, of which 164 ft (50m) will be trenched and 

buried, with the remaining 984 ft (300m) of pipeline anchored on the seafloor.  

13. An additional outfall, of 164 ft (50m) in length, may be proposed during the detailed 

design phase to discharge brine from the new reverse osmosis water plant. 

14. Overall the environmental benefits of the project far outweigh any potential negative 

impacts.The project will develop more efficient, effective, and affordable water sanitation and 

power services for Ebeye. The project will improve the health and safety of residents currently 

experiencing contamination from sewage overflows, resulting in a high incidence of waterborne 

and gastrointestinal disease. With adequate water supply, hygiene is also expected to improve. 

Public safety will be increased through electrical power system improvements. Improved coastal 

water quality, and reduced odor and nuisance, are expected with the reduction of sewage 

overflows. 

15. Environmental management plan. The PMU within the KAJUR will be responsible for 

setting up the environmental management system, consisting of inspection, monitoring, 

reporting, and initiating corrective actions or measures. In the design stage, the PMU will pass 

the EMP to the design consultants for incorporating mitigation measures into the detailed 

designs. The EMP will be updated at the end of the detailed design, and finally be passed to the 

construction contractors. To ensure that contractors will comply with EMP provisions, the PMU 

will prepare and provide the following specification clauses for incorporation into the bidding 

procedures: (i) a list of environmental management requirements to be budgeted by the bidders 

in their proposals; (ii) environmental clauses for contractual terms and conditions, and (iii) the full 

IEE report for compliance. The PMU and contractors will each nominate dedicated, trained, and 

qualified environment specialists to undertake environmental management activities and ensure 

effective EMP implementation. KAJUR will also implement the corrective actions as identified in 

Appendix A. 

16. Implementation arrangements. The Office of the Chief Secretary will be the executing 

agency and KAJUR will be the implementing agency for the project implementation. A project 

steering committee (PSC) will be established to provide strategic direction and guidance for 

detailed design and implementation of the project and will meet at least once every quarter. A 

project management unit (PMU) will be established within KAJUR and will be responsible for the 

overall design and implementation of the project. Consultants will be recruited to assist the PMU 

implement the project. Overall responsibility for implementing the EMP rests with the 

PMU-KAJUR, which during design and construction will be supported by the project 

implementation assistance consultants. 

17. Information disclosure, consultation and participation. Environmental information on 

the project was, and will be disclosed. The IEE will be disclosed according to the provisions of 

the ADB Public Communications Policy, 2011, and by the requirements of the laws of the 

Republic of the Marshall Islands.  
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18. The IEE will be made available for review by interested stakeholders at the RMIEPA upon 

submission. The stakeholder consultation process disseminated information to the general 

public, project affected communities, and key environmental stakeholders. Information was 

provided on the scale and scope of the project, and the expected impacts and proposed 

mitigation measures, through consultation with government departments, local authorities, and 

the general public in meetings. The process also gathered information on relevant concerns of 

the local community for the project, to address these concerns in the project design and 

implementation stages.  

19. Concerns were focused on the assurance of sustainable operations by the utility, and 

upon establishment of reasonable, affordable tariffs. No significant environmental concerns were 

raised during consultations, and the local community anticipates the substantial benefits from the 

project, in water, sewer, and electrical system improvements. 

20. Grievance Redress Mechanism. In order to settle unforeseen issues effectively, an 

effective and transparent channel for lodging complaints and grievances has been established. 

Public participation, consultation and information disclosure undertaken as part of the IEE 

process have discussed and addressed major community concerns.  

21. Continued public participation and consultation has been emphasized as a key 

component of successful Project implementation. As a result of this public participation and 

safeguard assessment during the initial stages of the project, major issues of grievance are not 

expected. However, unforeseen issues may occur. In order to settle such issues effectively, an 

effective and transparent channel for lodging complaints and grievances has been established. 

22. Conclusion and Recommendations. The project is expected to provide environmental 

and social benefits such as consistent service of potable public water, reduced public health risk 

from exposure to untreated sewerage, reduced odor nuisance, improved coastal marine water 

quality, increased public safety, and energy efficiency. Associated and cumulative benefits 

include, improved planning, management, and sustainability of future water, sanitation, electrical 

power infrastructure, improved development planning, and increased tourism potential. 

23. The potential environmental impacts arising from design, construction, operation and 

maintenance of the project will be minor, localized, and acceptable, provided that the corrective 

actions (Appendix A) and mitigation measures, as set out in the EMP are implemented properly. 

24. Key findings are summarized below: 

 Adverse environmental impacts will mainly be construction impacts, which are 

expected to be minimal for land based works. 

 The proposed sewer effluent outfall construction into the lagoon, will require that 

adequate mitigation measures are implemented, as specified in the EMP. Priority 

measures include transplanting corals from the pipeline route, and proper 

deployment of siltation curtains for near shore trenching/filling. 
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 Climate change and vulnerability must be taken into consideration during final 

design and project implementation. Priority measures include 'climate proofing' for 

storm surge, intense rainfall, and long term sea level rise (Appendix D). 

25. This IEE, and accompanying EMP, is considered sufficient to meet environmental 

safeguard requirements of ADB and the RMI, in respect to the rehabilitation and improvement of 

water, sewer, and electrical system works in Ebeye. Additional impact assessment may be 

necessary, depending on project options chosen. The IEE and EMP must then be updated 

accordingly. 
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I. INTRODUCTION 

1. This initial environmental examination (IEE) presents the potential environmental impacts 

and appropriate mitigation and enhancement measures for the replacement of existing, and 

installation of new, water, sewerage, and electrical power infrastructure in Ebeye, Republic of 

Marshall Islands (RMI) as shown in refer to Figure 1.  

Figure 1 - Ebeye Location Map 

 

Source: USACOE Ebeye Infrastructure Survey (2010) 
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2. The IEE has been prepared in accordance with the requirements of the Asian 

Development Bank (ADB) Safeguard Policy Statement 2009 (SPS) and conforms to 

environmental assessment requirements defined in the RMI National Environmental Protection 

Act 1984 (NEPA) and RMI Environmental Protection Authority (RMIEPA) regulations and related 

guidelines. The project’s anticipated environmental impacts are classified as category B under 

the ADB SPS (2009).1  

3. This IEE provides an assessment of potential environmental benefits, potential adverse 

environmental impacts, and risks associated with the proposed water, sewerage, and electrical 

power system infrastructure improvements, and includes (i) a summary of the local, national, and 

international policies, standards, and guidelines; (ii) due diligence review of existing 

environmental impact assessments undertaken to meet local approval requirements; (iii) 

description of the project and anticipated environmental impacts and mitigations measures; (iv) 

information disclosure, consultation and participation, (v) a grievance redress mechanism, and 

(vi) and detailed environmental management plans (EMP) for water, sewer, and power 

operations, including an implementation schedule and performance indicators. 

A. Background and Rationale 

4. Ebeye is a small islet of roughly 32 hectares (80 acres) located on the Kwajalein Atoll in 

the North Pacific Ocean, with a maximum elevation of about 3 meters (10 feet) above mean sea 

level. As at the 2011 Census, the resident population is estimated at 11,408. Ebeye comprises 

84% of the population of Kwajalein Atoll. Its economy consists mainly of employment at the US 

Reagan Missile Defense Base on Kwajalein Island, subsistence agriculture and fishing, and 

limited tourism. RMI relies heavily on financial assistance from the United States and 

international aid. 

5. Ebeye has a significantly altered terrestrial environment, consisting mainly of built 

environment. Both terrestrial and near shore marine environments are negatively impacted by 

inadequate sewerage collection and treatment, as the existing waste water treatment plant 

(WWTP)  has been out of operation for at least ten years. Inadequate storm water management 

has resulted in increasing erosion and sedimentation onto the near shore reef. Extensive sand 

and coral dredging exacerbate coastal erosion, with resultant loss of reef habitat. Ebeye’s limited 
natural resources and fragile ecosystems are under considerable pressure from rapid population 

growth. This growth also puts additional demand on failing water and wastewater infrastructure 

intended to protect the environment and public health.  

  

                                                
1 

As per the SPS a proposed project is classified as category B if its potential adverse environmental impacts are less 

adverse than those of category A projects. These impacts are site-specific, few if any of them are irreversible, and in 

most cases mitigation measures can be designed more readily than for category A projects. An initial environmental 

examination is required. 
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6. Ebeye water, sewer, and electrical power infrastructure have had fairly recent 

improvements, notably the 2000 Ebeye Health and Infrastructure Project to rehabilitate and 

expand water supply and sewerage systems to “meet the needs of the island”, and to upgrade 
the power generation and distribution system.2 At project completion in 2003, the island now had 

24 hour power and water supply, and a significantly improved sewerage system. The newly 

constructed hospital and primary health care programs were also project components that 

addressed existing public health issues, such as the cholera outbreak in Ebeye in 2000.3  

7. The current status of these systems, however, reflects a concerted lack of management 

and maintenance. The public water system was inspected by USEPA in 2005, which reported 

that only one of three reverse osmosis water making units was functional, system pressure was 

low, water treatment was insufficient, and water quality monitoring inadequate.4 In 2010 the US 

Army Corps of Engineers (USACOE) completed an infrastructure survey in Ebeye, which found 

only two of three reverse osmosis units working, and concluded that with all the three reverse 

osmosis units working, peak capacity would still only meet 31% of demand. Water pressure was 

insufficient to support restrooms above the first floor of buildings.5 The USACOE survey found 

the sewer treatment plant non-operational since 2005, according to plant personnel, with raw 

sewage discharged directly into lagoon waters. Sewage pump stations are in need of repair and 

upgrade. The collection system requires augmentation to meet existing and expected load 

growth. Constraints to addressing these issues and to improving and sustaining water, 

wastewater, and power management in Ebeye include: poor overall land use planning and 

unresolved land rights issues, inadequate water/sanitation (master) planning, lack of public 

awareness, lack of financing, inadequate technical capacity, and ineffective institutional 

arrangements. 

8. Hardships from inadequate water supply and contaminated water are faced by the Ebeye 

community due to the sporadic public supply and reliance on water catchments. Additionally, the 

ineffective treatment of sewage, causes nuisance odors, and a high level of waterborne disease 

from direct exposure to sewage; primarily gastrointestinal disease with an average of 1,182 

cases reported per year (Statistics from Ebeye Hospital for the period 2001-2011). 

9. Site photographs in Figure 2 illustrate current undesirable social impact to the 

community. 

  

                                                

2
 ADB. Ebeye Health and Infrastructure Project approved by the Board on 12 August 1999 for US$6.9 million. 

3
 ADB. Ebeye Health and Infrastructure Project - Project Completion Report, (PCR:RMI 32205, December 2004) 

4
 USEPA. RMI Drinking Water and Public Water System Report (2005) 

5
 USACOE. Ebeye Infrastructure Survey (2010) 
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Figure 2: Exposure to untreated sewerage in Ebeye 

 

10. Ebeye's population continues to increase and it must adequately address the issues 

related to the management of its water, wastewater, and power systems if it is to create and 

maintain a sustainable future. Ebeye's economy, and in particular its fledgling tourist industry, is 

highly dependent on providing and maintaining a high level of municipal services. 

11. Addressing these issues, this project will develop more efficient, effective, and affordable 

water and sanitation services, and also improve the electrical power infrastructure. 

Strengthening basic infrastructure will facilitate tourism sector investment in Ebeye. The project 

will improve the health and safety of the resident population currently experiencing inadequate 

water supply and sewage overflows. Ongoing environmental impacts from the nonfunctioning 

treatment works will be mitigated as part of the project. 

II. POLICY, LEGAL AND ADMINISTRATION FRAMEWORK 

A. National and Local Legal Framework 

1. National Environmental Framework 

12. The RMIEPA is the governing body for environmental protection in the RMI.  The NEPA6 

is administered by the RMIEPA and contains a set of regulations for protection of surface and 

marine waters, and air quality, and managing of potential impacts from earth works, sanitation 

systems, waste and new infrastructure development. These regulations along with the Coast 

Conservation Act 2008, provide the framework for protection of resources and environmentally 

sustainable development in Ebeye, and are directly applicable to this project. 

                                                

6
 Marshall Islands Revised Code 2004, Title 35-Environment, Chapter 1 National Environmental Protection Act 

(1984). 
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13. Environmental Impact Assessment Regulation. The environmental impact 

assessment (EIA) Regulation (Section 21, NEPA) is the central environmental planning 

legislation with the aim of ensuring that environmental concerns are given appropriate 

consideration in decision making for all new infrastructure projects. The EIA regulation applies a 

two-step assessment process to determine the level of assessment required, similar to the ADB 

environmental safeguard policy. Initially, a preliminary proposal is required for “each and every 

proposed development activity”. The preliminary proposal is an initial evaluation to determine 

whether an action may have a significant environmental effect. The preliminary proposal is 

evaluated by the RMIEPA General Manager to determine if the action has the potential to have a 

‘significant effect on the environment’, if so, a second stage of assessment is required and an 

EIA must be completed. If it is determined that an EIA shall be required for a proposed 

development activity, the RMIEPA shall immediately initiate a scoping process to identify the 

significant issues related to the proposal and to determine the scope of issues to be addressed. 

In preparing the EIA, the proponent shall follow the format and content, as detailed in Part IV of 

the regulation, unless otherwise directed by the Authority. The proponent shall remain subject to 

regulatory and permitting requirements pursuant to NEPA, Coast Conservation Act, and the 

Historic Preservation Act and Tourism Act 1991. 

14. Earthmoving Regulations. These regulations stipulate that all earthmoving activities in 

the RMI require an earthmoving permit. Permitted persons engaging in earthmoving shall design, 

implement, and maintain erosion and sedimentation controls which prevent accelerated erosion 

and sedimentation. Earthmoving activities may also remain subject to permit requirements 

pursuant to NEPA, Coast Conservation Act, and the Historic Preservation Act and Tourism Act 

1991. If the project involves earthmoving activity in a lagoon and reef area (trenching and filling 

for a 50m section of sewer outfall pipeline), the Authority may require the design plan to map and 

describe existing ecosystems, plants, animals, the coastal zone management boundary, coastal 

areas of special importance, as well as maximum/minimum turbidities. All sedimentation 

resulting from underwater earthmoving shall be contained and turbidities kept to a minimum. 

Sedimentation retention booms, containment areas (sedimentation curtains) shall be established 

around earth disturbing activities on reefs or in lagoons. The project is likely to require about 50m 

of sewer outfall pipeline to be trenched and buried and is therefore likely to trigger the 

Earthmoving Regulations and needs to address the requirements listed above. 

15. Draft Sustainable Development Regulations. If, and when, promulgated these 

regulations would supplant the Earthmoving Regulations. The purpose of the proposed 

regulations is to implement the NEPA and Coast Conservation Act by establishing standards, 

criteria, and permitting procedures for development activity in the RMI, to assure the sustainable 

development and preservation of the Republic's natural resources. Specific development 

activities, defined by the regulations, require a development activity permit. Project specific 

activities, requiring the permit, would include "effluent disposal via outfall" (proposed sewer 

outfall construction), and "airborne emission of particulates" (associated with the electrical power 

utility).  
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16. Further, the outfall construction activity would be located within the "coastal zone", 

defined in the regulations as the area laying within a limit of twenty-five (25) feet landwards of the 

mean high water line and a limit of two hundred (200) feet seawards of the mean low water line. 

As such, the Director, who also serves as the EPA General Manager, would most likely 

determine that the activity would fall within the "major permit" category. Activities requiring a 

"coastal" or "major" permit must include submission of an environmental management plan 

(EMP) that details all reasonable and known mitigation techniques for the proposed activity.  

17. The Director will provide a detailed list of what aspects of the environment must be 

considered in the EMP. This list may include, but is not limited to the following: 

 sedimentation in coastal waters; 

 erosion of shorelines; 

 alterations to ecosystems including coral reef and/or other marine life; 

 biodiversity or endangered species of the Republic; 

 human health; 

 impact human uses of the land, including zoning laws, urban quality;  

 historic or cultural resources; 

 the extent to which the activity utilizes natural or exhaustible resources; 

 any mitigation activities that may offset the costs of the development activity; 

 projected generation of waste including quantities and characteristics and 

opportunities for recycling or reuse. 

18. Permit conditions may require performance bonding, monitoring reports, and timelines for 

implementation of coast conservation measures, and other mitigation measures. The draft 

Sustainable Development Regulations have not been promulgated, as of the time of this 

document. 

19. Marine Water Quality Regulations. The Marine Water Quality Regulations provide 

classification of marine water quality criteria and standards. The purpose of the regulations are to 

(i) identify the uses for which the various waters of the RMI shall be maintained and protected, (ii) 

specify the water quality standards required to maintain the designated uses, and (iii) prescribe 

regulations necessary for implementing, achieving, and maintaining the specified water quality. 

The Regulation states that no waters shall be lowered in quality unless it is demonstrated to the 

RMIEPA that it is in the best interest of the people of the RMI and will not permanently impair 

marine resources or beneficial use assigned to the waters in question. The regulation requires 

for any new point source of discharge, that a pollution discharge elimination system permit be 

obtained from the RMIEPA.  
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20. Further, the source shall meet and maintain the highest statutory and regulatory 

requirements, and must receive the degree of treatment necessary to protect the beneficial uses 

of waters of the RMI before discharge. These regulations are directly applicable to the project 

design and implementation, and have been considered as part of this IEE.  

21. The regulations define water use classifications for coastal marine waters, based on the 

beneficial uses. The coastal marine waters which may be impacted by the project include Class 

AA, Class A and Class B waters. At the point of discharge of the sewerage treatment plant 

effluent outfall, and along the west coastline of the island, the marine waters are classified Class 

B. In other coastal marine waters around Ebeye, the marine waters are classified Class A or AA.  

The regulations define the following water quality standards for each classification.  

Table 1: Summary of Marine Water Quality Standards 

 Coastal Marine Waters  

Class AA A B All Waters 

Total Coliform 70/100 ml 
m
   - 

Fecal Coliform  
 

200/100 ml 
m 

400/100 ml 
ss 

200/100 ml 
m 

400/100 ml 
ss

 

- 

Enterococci  7/100 ml 
gm

 35/100ml
 gm

 35/100ml
 gm

 - 

Shellfish Areas  Where shellfish for human consumption is harvested the microbiological standard for 

Class AA Waters shall apply 

pH 6.5 – 8.0 6.5 – 8.0 6.5 – 8.0 6.5 – 8.0 

Nutrients:     

Ratio N:P  9 – 27 9 – 27 6-18 < 10% var. 

Total P mg/l as P  < 0.025 mg/l < 0.025 mg/l < 0.05 mg/l - 

Total N mg/l as N < 0.4 mg/l < 0.4 mg/l < 0.8 mg/l  - 

Dissolved Oxygen  > 6.0 mg/l or 

75% saturation 

> 4.5 mg/l  < 25% var. 

TDS, Salinity  < 10% change from natural isohaline conditions or outside the range of 29 – 30 ppt 

Temperature  ± 0.9°C (1.5 F°) change from natural conditions 

Turbidity < 2 NTU < 2 NTU < 2 NTU - 

Oil & Petroleum 

Products 

 Concentration of oil should not be detectable as a visible film, sheen or discoloration of 

the surface or cause an objectionable odor.  

 Concentrations should not cause tainting of fish or other aquatic life, be injurious to 

indigenous biota or cause objectionable taste to drinking water.  

Source: RMI Marine Water Quality Regulations 

Notes: m Median total for 10 consecutive samples. gm  Geometric Mean for 5 samples in a 30 day period.  

Single sample limit.  var. variation from the natural conditions. 
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22. The regulations require any point source pollution discharge to maintain a pollution 

discharge permit issued by RMIEPA. The permit includes specific point source discharge limits, 

along with monitoring and reporting requirements.  

23. The project will be required to apply for a pollution discharge permit for the proposed new 

sewer outfall. All excavation works including trenching and well drilling will require permitting 

from RMIEPA. 

24. Toilet Facilities and Sewage Disposal Regulations. The Toilet Facilities and Sewage 

Disposal Regulations (TFSDR) establish standards for toilet and wastewater disposal systems. 

The regulations require that all public buildings and dwellings shall have toilet and sewage 

facilities in accordance with the regulations. Where a sewage system is available to the public, all 

buildings and dwellings shall be connected. The minimum standards govern the design, 

construction, installation and operation of toilet and wastewater disposal systems, for the 

purposes of minimizing environmental pollution, health hazards and public nuisance from such 

systems and facilities. 

25. The TFSDR is focused on household sanitation systems, such as septic tanks, and 

connection requirements to the public sanitation system in areas where it is available. The 

regulation does not provide discharge standards or design specifications for the larger scale 

public sewerage infrastructure works under this project. However, as part of the permitting 

process, under the regulation, the RMIEPA will review and approve the standards and 

specifications submitted by the proponent (system operator). 

26. Public Water Supply Regulations. The purpose of these regulations, technical 

provisions, and specifications is to establish certain minimum standards and requirements as 

determined by the Authority to be necessary for the public health and safety and to insure that 

public water supply systems and water supply sources are protected against contamination and 

pollution and do not constitute a health hazard. Before a proponent initiates construction of a 

new public water system or increases the capacity of, or modifies an existing public water 

system, the proponent shall notify the Authority, and submit with such notification a conceptual, 

descriptive plan with appropriate drawings detailing proposed location, water source capacity, 

budget estimates and other data as described in Regulation 6. 

27. The proponent shall, to the extent practicable, avoid locating part or all of the new or 

expanded facility at a site which: 

 is subject to a significant risk from earthquakes, floods, fires or other disasters 

which could cause a breakdown of the public water system or a portion thereof; or, 

 except for intake structures, is within the floodplain of a 100-year flood or is lower 

than any recorded high tide where appropriate records exist; and 

 in the case of a roof catchment, where reasonable consideration has not been 

given to effective typhoon resistance of buildings, roofs, guttering and other 

catchment appurtenances. 
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28. The notification of intent to construct a new public water supply system or to increase the 

capacity of an existing public water supply system, as required in Regulation 5, shall include the 

following data and information: 

 number of persons to be supplied now, and the anticipated population of service 

area ten years from now; 

 proposed storage capacity of raw and treated water; and 

 if the water source is to be a well or wells, estimated depth(s), measures to be 

taken to exclude surface water from well, kind of pump(s) to be used and capacity 

in gallons per minute, and adjacent land uses and pollution sources. 

29. Procedures for applying for a public water system permit, and timelines for review and 

approval by the Authority, are contained in the regulations; as are requirements for operator 

certification, water quality testing and reporting. 

30. Solid Waste Regulations.  With regard to the project, local solid waste management 

legislation requires that dewatered sludge from water treatment plants and dewatered digested 

sludge from waste water treatment plants shall be mixed with the other deposited solid wastes at 

the landfill to prevent localized leaching.  Raw sewage sludge and septic tank pumping debris 

are prohibited at all solid waste disposal facilities.   

31. International conventions and treaties. RMI is a signatory to the following conventions: 

(i) United Nations (UN) 64th General Assembly Resolution on the Human Right to Water and 

Sanitation; (ii) UN Framework Convention on Climate Change; (iii) UN Convention on Biological 

Diversity; (iv) UN Barbados Program of Action and Mauritius Strategy; (v) UN Convention to 

Combat Desertification; and (vi) The Micronesion Challenge. 

B. ADB Safeguard Policies 

32. All projects funded and/or administered by ADB must comply with the SPS. The purpose 

of the environmental safeguards is to ensure the environmentally soundness and sustainability of 

projects and to support the integration of environmental considerations into project 

decision-making. The policy is accompanied by the Environmental Safeguards Good Practice 

Sourcebook (2012). The policy promotes international good practice as reflected in recognized 

standards such as the World Bank Group’s Environmental, Health and Safety Guidelines.  

33. The SPS requires a number of additional environmental considerations to that generally 

undertaken in accordance with the NEPA and related legislation. These include: (i) identification 

of project environmental risks and respective mitigation measures and project assurances; (ii) 

development of a project level grievance redress mechanism (GRM) including documentation in 

the EMP; (iii) definition of the project area of influence; (iv) undertaking a physical cultural 

resources damage prevention analysis; (v) identification of climate change mitigation and 

adaptation strategies; (vi) identification of biodiversity conservation and natural resources 

management requirements; and (vii) ensuring that the EMP includes an implementation 

schedule and (measurable) performance indicators. 
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III. DESCRIPTION OF THE PROJECT 

34. The Ebeye Water Supply and Sanitation Project objectives are to reduce the incidence of 

waterborne disease and improve environmental conditions on Ebeye. The project outcomes will 

be improved access to safe water and improved sanitation. Project outputs will include: (i) 

enhanced awareness of hygiene and water issues and sustained hygiene behavior; (ii) secure 

and safe freshwater supplies; (iii) effective, efficient and safe sewerage services; and (iv) 

Kwajalein Atoll Joint Utilities Resources Inc (KAJUR) is financially and technically sustainable. 

35. The project area is confined to the island of Ebeye and will be implemented over three 

years, it is expected to start in 2015 and be completed by 2017. The total project investment is 

US$16 million, focusing on new water supply and sewerage infrastructure and rehabilitation of 

existing electrical power infrastructure.7  

36. The executing agency for the project will be the Office of the Chief Secretary, and the 

implementing agency will be the KAJUR. KAJUR has established a project management unit 

(PMU), and a project steering committee (PSC) has been established under the Office of the 

Chief Secretary. 

37. Existing facilities audit. An audit of existing facilities has been undertaken and is 

presented in Appendix A. The audit and document review found several issues of concern in 

regards to environment safeguards including World Bank (WB) Environmental Health and Safety 

Guidelines (EHS). Most of the concerns relate to the chronic lack of maintenance, or periodic 

rehabilitation, of all the utility infrastructure systems. 

38. The water supply system is not providing sufficient service, in terms of delivery or quality. 

The wastewater system is causing contamination of land and near shore marine waters, and is a 

serious public health threat. The electrical system is in general good condition, but requires 

significant upgrades to maintain and improve environmental concerns, and to support the 

proposed water supply and wastewater investments. Audit findings and specific corrective action 

plans are included for the water supply, wastewater, and electrical sectors (Appendix A - Tables 

A3-1 to A3-3). 

A. Water System Improvements 

39. Only one of three saltwater reverse osmosis (SWRO) units is operational at the water 

plant. The current water production from the sole operating unit is between 120,000 and 140,000 

gallons/day. This SWRO unit is serving 857 water connections, with water distributed for a few 

hours per day to select areas, on one day each week, so demand is clearly restrained. With 

improved supply, it is estimated that demand would increase to the Pacific Water and Wastes 

Association benchmark of 40 gallons per capita per day (150 lpcd), which when taking into 

account the saltwater toilet flushing system and 25% unaccounted for water results in a 2025 

                                                

7
 ADB. Concept Paper - Ebeye Water Supply and Sanitation Project, Project No. 46346-001 (October 2012) 
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average water demand of 418,000 gallons/day (1.58 MLD) – assuming a population growth rate 

of 0.4% based on population growth for Kwajalein Atoll and Ebeye for the period between the 

1999 and 2011 censuses is 0.40% and 0.25% respectively. 

40. Saltwater supply. Saltwater for the SWRO plant is sourced from three wells at two well 

fields and pumped to the plant. The total amount of saltwater abstracted from the three wells is 

1,302,857 gpd (57 L/s). This corresponds to 551,520 gallons/day feed water for the SWRO plant 

and 751,337 gallons/day distributed to the saltwater flushing system. Based on 12 gallons per 

capita per day (45 lpcd) for saltwater flushing, the requirement for the current population is only 

about 120,000 gallons/day. This amounts to significant, needless, over pumping and power use. 

A total of 1.3 million gallons/day saltwater will be required for the reverse osmosis plant and 

sewer flushing system by 2025.  

41. The hydro-geological study, which was conducted, has confirmed that the capacity of the 

wells is sufficient to provide the estimated supply needs, and more. 

42. Current power consumption for the SWRO plant is about 4 KwH/m3 or about 25% less 

efficient than a modern plant. However, given the age of the plant (12 years) and the difficulty 

KAJUR is now having in obtaining suitable membranes and spare parts, it is considered prudent 

to provide a new plant with capacity 418,000 gallons/day and use the existing plant as standby. 

The new plant is envisaged to comprise two separate 40 ft. containerized units. 

43. Brine disposal options. The proposed SWRO plants will produce 1,020,000 gallons/day 

of concentrated brine, significantly more than the existing plant. The environmental impact of this 

brine discharge needs to be considered. Some options still being considered include: 

(i) Discharge at the foreshore as is currently the case 

(ii) Construct a separate 50m long outfall for the brine, at present outfall location 

(iii) Convey brine to the sewerage outfall (requires over 500m of new pipeline) 

(iv) Use the brine for the saltwater flushing system, with excess either being 

discharged to the lagoon or to the sewerage outfall 

(v) Inject the brine back into the groundwater 

44. Once the project option for brine disposal is decided, the IEE and EMP will be updated 

following detailed design. 

45. Water quality produced is acceptable, but at times constrained by slow delivery of 

replacement membranes. Recent bacteriological tests at sample households were all negative 

(no presence of E. coli bacteria) with high residual chlorine (0.3 to 0.4 ppm). Water quality results 

have only recently been obtained from the saltwater wells and the seawater. These show 

elevated concentrations of manganese, boron and strontium. The impact of this on the 

pre-treatment requirements for the plant is still being considered and discussed with suppliers. 
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46. Other water sources include rainwater catchments, supply by KAJUR tanker, transported 

water from Kwajalein, and bottled water. Household rainwater tanks are widespread and are 

often used for storing KAJUR water, as well as rainwater. Analysis of rainwater potential has 

shown that on average 21% of water demand could be met by rainwater. This assumes that 

rainwater will only be used for non-potable purposes. Other options for rainwater harvesting 

include re-developing the rainwater harvesting basin adjacent to the power plant and directing 

rainwater collected from public buildings to the treatment plant site to supplement to SWRO 

treated water. Neither of these options are considered to be justifiable. The water would need to 

be treated separately from the saltwater directed to the SWRO plant which would be an 

additional expense in addition to the pumping costs involved. 

47. The summary list of water system improvements proposed includes: 

 installing a new 420,000 gallons/day (1.58MLD) SWRO Plant, which will provide 

all residents with an average of 28 gpcd (105 lpcd) of clean water 

 constructing a new freshwater pumping station 

 installing a new 25,000 gal (100m3) capacity reinforced concrete or steel elevated 

freshwater tank 

 constructing a brine outfall 164 ft (50m) in length to dispose of brine effluent from 

the SWRO plant (if this option is decided by the project) 

 upgrading 1120 ft (330m) of water distribution pipeline from 6 inch (150mm) to 8 

inch (200mm) diameter 

 installing new water supply distribution pipelines to supply un-served residents 

 installing bulk meters at appropriate locations 

 installing up to 800 new service connections 

 replacing existing corroded fire hydrants with 62 standpipes and providing a fire 

truck 

48. Once all project options are decided, the IEE and EMP will be updated following detailed 

design. 

B. Sewage System Improvements 

49. A recent survey conducted by KAJUR shows that 1086 out of 1103 households have 

toilets and 824 are connected to the salt water flushing system. Most of those not connected are 

in the North Camp area where there are also limited public sanitation facilities, which are in 

considerable disrepair. There are a few septic tanks and open defecation is not widespread. 

50. Sewerage Collection Network. The original cast iron pipe system has been replaced 

with PVC pipes in 1982, so only a small percentage, about 15%, of the sewer network pipes will 

need to be replaced or repaired.  
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51. This includes some sections of failed asbestos concrete pipe running from the terminal 

pump station to the outfall. The entire sewer network needs to be cleaned and sediments 

disposed of in the landfill at the north end of the island. The sewer manholes were also replaced 

in 1982 and are primarily in need of cleaning, with rehabilitation or replacement of the cast iron 

frame and covers. There are only about 6-7 sewer manholes that need to be replaced and about 

15 manholes require the frame and cover to be raised by 10-20 cm, since they are currently 

buried. 

52. Sewage Pumping Stations. There are four existing sewage pump stations, each of 

which is in exceptionally poor condition, with only one pump operating in each pump station. It is 

recommended that the existing concrete block buildings be demolished. 

53. All four pump stations will be refurbished, in the following manner: 

 wet wells will be installed with plastic or fiberglass liners 

 two submersible pumps will be installed for redundancy 

 mechanical and electrical equipment will be replaced, with automatic controls 

installed 

 bar screening, with 50mm (2 inch) openings, installed, with equipment for routine 

screen cleaning 

54. Existing waste water treatment plant. The existing waste water treatment plant has 

been out of operation for at least ten years and has no equipment in any form of operating 

condition. There were several serious shortcomings with the constructed WWTP, including the 

lack of preliminary treatment, no secondary clarifier and no sludge storage, drying or disposal 

equipment. Consequently, the existing WWTP could not simply be rehabilitated in order to 

restore it to operation. Due to land constraints at the existing WWTP site, additional land would 

be needed if the decision were made to construct a secondary clarifier, and sludge storage ant 

treatment facilities. Three scenarios for wastewater treatment were proposed for consideration, 

in conjunction with a new ocean outfall pipeline. 

55. Primary treatment by fine screening. This option would use 1/8-1/4" (3-6mm) screen 

opening sizes, removing solids and debris from the wastewater influent. Two options are 

considered for the fate of the screened solids and debris: (i) screening and disposal of screenings 

at the existing landfill - removal of the solids and debris, prior to discharge to the ocean outfall 

pipeline would result in a substantial reduction of biological oxygen demand (BOD), which would 

be more favorable for water quality in the lagoon receiving waters. However, disposal of primary 

solids in the existing landfill, without proper handling and containment, would most likely result in a 

situation of increased contamination of near shore waters, and human exposure to pathogenic 

organisms; and (ii) screening, and washing of screenings, prior to disposal at the existing landfill - 

washing the screenings would remove most of the bio-solids, reducing the volume of screened 

material to be disposed, and reducing the amount of pathogenic organisms in the remaining 

material to be disposed at the north dumpsite.  
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56. The material would still require proper handling by personnel to avoid contamination. The 

wash water would be discharged to the ocean outfall, with a resultant increase in effluent BOD and 

total suspended solids (TSS).  

57. Chemically enhanced primary treatment. This wastewater treatment option includes 

fine screening and grit removal as pre-treatment, combined with the CEPT process of 

sedimentation. Grit removal is included to mitigate the negative effects of grit on the WWTP 

process and equipment. Chemicals such as ferric chloride, aluminum sulfate and/or organic 

polyelectrolytes would be mixed with the waste water to flocculate solids. The solids are then 

settled in a primary sedimentation tank. As a result, treatment efficiency is enhanced to remove 

solids, organic matter and nutrients from the wastewater. The chemicals used in CEPT are the 

same ones commonly used for potable water treatment, with practically no residual metals left in 

the supernatant.  

58. CEPT has a high removal rate of TSS and BOD, hence the treatment infrastructure can 

be smaller, which reduces the capital costs and reduces the land required to construct a WWTP.  

59. The operations and maintenance of a CEPT plant is much less complicated than a typical 

secondary WWTP. Hence, CEPT is a less costly, simpler and more efficient alternative form of 

wastewater treatment when compared to the conventional forms of secondary waste water 

treatment. 

60. CEPT is typically an ideal technology to apply for a coastal WWTP, since the removal of 

TSS is very high and the reduction in BOD is sufficient to not impact oxygen levels in the ocean. 

For developing countries such as the RMI, a typical objective of a WWTP is disinfection of the 

wastewater. CEPT is the least expensive method of treatment in which the wastewater effluent 

can be appropriately disinfected. 

61. A CEPT treatment plant could be constructed on the existing WWTP site, providing all of 

the existing tanks and facilities are demolished and removed. The primary drawbacks of using the 

CEPT technology are that since primary sludge is extracted from the settling tank, it would be 

necessary to construct an anaerobic digester to treat the sludge and provide sludge drying beds 

to dewater the sludge, prior to disposal at the landfill. For construction of these two essential 

WWTP items, more land may be required than is currently available at the existing WWTP site. 

62. Rehabilitation of the existing treatment plant with fine screening and grit removal. 

The existing WWTP which is now defunct, has several serious shortcomings which would need to 

be addressed, in addition to rehabilitation of the existing oxidation ditch tank structure and 

replacement of the pipes, valves, fittings, three mixing/aeration rotors and associated electrical 

and control works would be needed. Additional facilities needed would include: 

 Preliminary treatment of the wastewater using fine screening and grit removal 

systems would need to be incorporated into the WWTP rehabilitation works; 
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 A secondary clarifier would need to be constructed, including a return sludge 

pumping station to enable the oxidation ditch’s activated sludge process to operate 

properly; 

 Additional mixing/aeration equipment such directional jet mixers would both need 

to be provided in addition to the three rotors, in order to provide additional aeration 

capacity, since the original design rotors would be insufficient to provide the 

aeration and mixing necessary for the WWTP to provide the required level of 

treatment; 

 A sludge storage tank or sludge drying bed would need to be constructed to 

facilitate sludge dewatering and sludge disposal 

63. The main advantages of maintaining the existing oxidation ditch technology are that for a 

secondary treatment plant, this type of technology has relatively low operations and maintenance 

costs and low sludge quantity production. The primary drawbacks for this option are that 

additional land would need to be acquired in order to site the secondary clarifier and sludge 

handling facilities. Rehabilitation of the existing WWTP would be the most expensive option to 

implement and to operate/maintain. It would also require additional trained staff by KAJUR to 

ensure the proper operations and maintenance of the WWTP 

64. Ocean outfall effluent disposal. The existing outlet and bypass pipe at the WWTP is in 

poor condition and approximately 250 feet (80m) of the outfall pipe has been covered with fill 

placed into the lagoon. As a consequence, the effluent outlet of the outfall is only 80 meters (260 

feet) from the existing shoreline, and discharges at a depth of only 5m (16 feet). The existing 

outfall pipes, of asbestos concrete and cast iron, are nearly 40 years old and no longer fully 

functional. The project recommends installing a new outfall on the lagoon side (Class B water) 

constructed of high density polyethylene (HDPE) pipe of 12 inch (300mm) diameter with diffusers 

to disperse the effluent at a distance of 1150 feet (350 m) from the existing shoreline to a 

maximum depth of 98 feet (30m). The proposed route runs parallel to the existing outfall pipeline, 

as shown below in Figure 3. 

65. The proposed construction of a 350 meter long sewer outfall pipeline along the near 

shore lagoon bottom will disturb and displace benthic flora and fauna, including corals, as 

approximately 50m (from the shoreline seaward) of the pipeline will be trenched and buried, for 

protection of the pipeline, and to prevent creating an impediment to boat traffic in the shallow 

sub-tidal tidal area (Figure 4). Additional sections of pipeline, in deeper water, will be fitted with 

concrete collar type anchors, at intervals along the pipeline, and sections then floated into 

position along the designated route, and lowered to the seafloor. 
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Figure 3: Proposed Sewer Outfall Pipeline Route 

 

Figure 4: Proposed Construction Method for Sewer Outfall 
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66. Maximum working depths for commercial divers, who will be guiding pipeline sections 

into place, and assuring proper alignment on the seafloor, will be 30m. US OSHA standards 

allow use of SCUBA equipment at this depth. The US Ronald Reagan Missile Defense Base on 

Kwajalein Island has a hyperbaric chamber and trained operators to treat divers showing 

symptoms of decompression sickness. The Base facility can be reached in twenty minutes by 

boat, from the outfall work site. 

67. During the detailed design stage, hydraulic dispersion modeling of the sewage discharge 

plume will be completed for the proposed configuration of outfall diffusers and discharge 

location. Dispersion modeling should consider the untreated sewage effluent quality, if the 

washing of screenings is proposed to assure that an adequate level of offshore dilution, and die 

off of any pathogens, will be attained by the depth and design of the outfall diffusers. 

68. An outfall on the ocean side of the island is not recommended due to prevailing onshore 

winds and currents, the close proximity of the reef, construction and operational risks, and the 

RMIEPA Water Quality regulations which do not permit point discharges into Class AA waters, 

which the ocean side is classified as. 

69. Extensions to the Existing Sewer Network. There is a small area at the north-west 

corner of Ebeye, south of the dumpsite that would be served, with an estimated population of 

between 1,500-2,000 persons. Approximately 35 % of the people could be served with public 

toilets, since the high density and lack of access would make individual sewer house connections 

virtually impossible. The remainder of the residents in the extension area can expect to have 

between 110-140 new house connections. 

70. The summary list of sewage system improvements proposed under the project includes: 

 constructing a new 12 inch (300mm) diameter HDPE outfall 1150 ft (350m) in 

length on the lagoon side of the island to terminate at a diffuser at a depth of 98 

feet (30m) depth 

 constructing four new submersible pumping stations 

 installing 6mm fine screens at the junction manhole prior to discharging through 

the ocean outfall 

 rehabilitating 1475 ft (450m) of existing sewer pipeline 

 constructing 980 ft (300m) of 8 inch (200mm) sewer pipeline and 650 ft (200m) of 

6 inch (150 mm) sewer pipeline to provide sewerage service to all residents 

 repairing/replacing 1650 ft (500m) of saltwater flushing pipelines 

 repairing/replacing 880 saltwater flushing house connections 

 rehabilitating and/or replacing 120 manholes 

 constructing a new 12,500 gal (50m3 ) reinforced concrete elevated reservoir for 

saltwater toilet flushing. 
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71. Once project options are confirmed for sewer system improvements the IEE and EMP will 

need updating, following detailed design. Detailed design will include effluent dispersion 

modeling for the sewer outfall. 

C. Electrical Power System Improvements 

72. The current electrical power system is in need of upgrading to improve reliability and 

efficiency. The main objective is to achieve a reliable and cost efficient power supply and 

distribution on Ebeye Island. Ideally a preference would be to retain the diesel generating plant 

for some time and replace the bulk generation with some alternative sources (solar, wind or 

other) while diesel generation to be used mostly for the standby/back up needs.  

73. The major factor in providing cost efficient power plant operation is to minimize the fuel 

consumption while at the same time meeting the supply demand and maintaining high quality of 

power supply. In order to achieve this main objective the following approach was taken: 

 To match as close as possible the number of diesel engines required to operate in 

order to meet the power demand; 

 Provision of more fuel efficient diesel engines 

 Introducing in Ebeye more energy efficient domestic appliances 

 Implementing renewable energy power generation options 

74. The current total power demand fluctuates between 1.5MW and 1.8MW from midnight to 

about 8 pm, when it increases to 1.9-2.1MW for 3-4 hours. The increase in demand is attributed 

to air conditioning use, and other appliances, such as televisions. 

75. Table 2 below gives projections for future power demands, based on population growth 

scenarios.  Estimates are based on the current maximum demand of 7.32kW per household. 

Table 2: Power Demand Projections 

Population Growth, 

(%) 

Maximum Domestic Power 

Demand 

(MW) 

Maximum Fixed 

Power Demand 

(MW) 

Total Maximum 

Power Demand 

(MW) 

0 1.61 0.805 2.415 

0.4 1.61+0.315=1.925 0.805 2.730 

0.8 1.61+0.6=2.21 0.805 3.015 

 

76. Renewable energy sources were considered as a component of the Mid Term 

Development (2015-2025) program, with a combination of more efficient diesel power 

generation, solar PV plant, and wind turbines, offering the highest rate of diesel fuel savings. 
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77. The proposed electrical system improvements include: 

 replacing existing high voltage busbars and protection 

 replacing existing high voltage switchgear 

 installing a power plant data monitoring system 

 replacing all existing wooden power poles 

 installing three-phase cash power meters 

 removal of abandoned, decommissioned, equipment from the plant to eliminate 

hazards to workers 

78. Once project options are confirmed for electrical system improvements the IEE and EMP 

will need updating, following detailed design. 

IV. DESCRIPTION OF ENVIRONMENT 

A. Physical Environment 

1. Climate 

79. Located at latitude: 8⁰ 47' 33" north and longitude: 167⁰ 44' 56" east, Ebeye island is at 

the southern end of Kwajalein atoll, the world’s largest atoll. The atoll has a total land area of 16 

square kilometers, with about 90 islands surrounding a 1,700 square kilometer lagoon. Ebeye is 

a small low-lying coral islet comprised of a land area of 32 hectares (80 acres), with a maximum 

elevation of about 3 meters (10 feet) above mean sea level. The climate is maritime tropical with 

slight seasonal and daily variations, with temperatures averaging about 27 degrees Celsius 

(Figure 5). 

80. The rainfall of the RMI varies greatly from north to south. The atolls at >10⁰ north receive 

less than 1250 mm (50 inches) of rain annually and are very dry in the dry season. Atolls < 7⁰ 
north (closer to the equator) receive more than 2500 mm (100 inches) of rain annually. Both 

Majuro and Kwajalein have a dry season from around December to April and a wet season from 

May to November (Figure 6).  
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Figure 5: Average Mean Temperature at Kwajalein 

 

Light blue, dark blue and grey bars denote El Niño, La Niña and neutral years respectively.  

Source: Pacific-Australia Climate Change Science and Adaptation Planning Program Technical Report, 2014 

 

Figure 6: Kwajalein Annual Rainfall 

 

Source: Pacific-Australia Climate Change Science and Adaptation Planning Program Technical Report, 2014 
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81. The difference between the seasons is greater at Kwajalein where the driest months 

(January–March) receive about 4 inches (100 mm) on average and the wettest months 

(September–October) receive on average around 12 inches (300 mm).8 Seasonal wind direction 

dictates the wet and dry periods, with northeast “trade winds” bringing dryer weather, and the 
monsoonal southwest winds increasing precipitation. 

82. Droughts and storm surge are the main extreme events that impact the Marshall Islands.  

Droughts generally occur in the first four to six months of the year following an El Niño.  During 

severe El Niño events, rainfall can be suppressed by as much as 80%. The dry season begins 

earlier and ends much later than normal. Tropical cyclones (typhoons) usually form between 

September and November but are often weak when they pass through the RMI. 

2. Climate Change  

83. The International Panel on Climate Change (IPCC) recognizes that developing countries 

particularly small island developing states such as the RMI are particularly vulnerable to climate 

change.9 Projected sea level increases to the year 2100 are 0.35m to 0.70m, this rise, in 

combination with extreme sea level events, such as swell waves, storm surges, and El 

Niño-southern oscillation (ENSO) events, present severe sea inundation and erosion risks for 

low lying atoll islands. Locations currently experiencing adverse impacts such as coastal erosion 

and inundation will continue to be affected due to increasing sea levels. The contribution of mean 

sea level rise to increased coastal high water levels, coupled with the likely increase in tropical 

cyclone maximum wind speed, is a specific issue for tropical small island states.10  

84. Based on the recent Technical Report11, for the period to 2100, the latest global climate 

model projections and climate science findings indicate:  

 El Niño and La Niña events will continue to occur in the future (very high 

confidence), but there is little consensus on whether these events will change in 

intensity or frequency;  

 Annual mean temperatures and extremely high daily temperatures will continue to 

rise (very high confidence);  

 Average rainfall is projected to increase (high confidence), along with more 

extreme rain events (high confidence);  

 Droughts are projected to decline in frequency (medium confidence);  

 Ocean acidification is expected to continue (very high confidence);  

 The risk of coral bleaching will increase in the future (very high confidence);  

                                                

8
  Pacific-Australia Climate Change Science Program. Technical Report – Chapter 7 Marshall Islands Report (2014) 

9
   IPCC. Assessment Report 5 (2014) 

10 IPCC. Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX): 

Summary for Policy Makers (November 2011) 
11

 Pacific-Australia Climate Change Science Program, op cit 
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 Sea level will continue to rise (very high confidence); and  

 Wave height is projected to decrease in the dry season (low confidence) and 

wave direction may become more variable in the wet season (low confidence) 

85. Temperature. While relatively warm and cool years and decades will still occur due to 

natural variability, there is projected to be more warm years and decades on average in a 

warmer climate. 

86. Rainfall. There will still be wet and dry years and decades due to natural variability, but 

most models show that the long-term average is expected to be wetter. The effect of climate 

change on average rainfall may not be obvious in the short or medium term due to natural 

variability. These projections are similar to those in Australian Bureau of Meteorology and 

CSIRO (2011). 

87. Drought. For both the northern and southern RMI the overall proportion of time spent in 

drought is expected to decrease under all global climate model scenarios.  

88. Tropical cyclone (typhoon). There is a growing level of agreement among models that 

on a global basis the frequency of tropical cyclones is likely to decrease by the end of the 21st 

century. These projections are consistent with those of Australian Bureau of Meteorology and 

CSIRO (2011) 

89. Sea level rise. Mean sea level is projected to continue to rise over the course of the 21st 

century. There is very high confidence in the direction of change. Several global climate models 

(CMIP5, RCPs) simulate a rise of between approximately 3 to 7.5 inches (7–19 cm) by 2030. 

Inter-annual variability of sea level will lead to periods of lower and higher regional sea levels. In 

the past, this year to year variability has been about 8 inches (20 cm), and it is likely that a similar 

range will continue through the 21st century. The sea level rise near the Marshall Islands 

measured by satellite altimeters since 1993 is about 0.3 inches (7 mm) per year.12 

77. Sea level is also generally higher around the Marshall Islands during La Niña events, with 

three of the top 10 water levels recorded at Kwajalein occurring during La Niña and none during 

El Niño (Australian Bureau of Meteorology and CSIRO, 2011). Tide gauge data show the strong 

annual variability in tide heights, and indicate that ENSO events are a significant component of 

high water levels. The Weather Service Office has recorded that roads in both Majuro and Ebeye 

are affected by significant inundation on almost every equinox tide during La Niña conditions. 

During December 2008, a State of Emergency was declared following weeks of high seas which 

resulted from storm surges coinciding with high tides and two tropical depressions (UNOCHA, 

2009). The populated areas of Majuro and Ebeye suffered damage to roads, houses and other 

infrastructure on the low lying atolls. A similar event occurred in June-July 2013, mainly affecting 

Majuro. 

                                                

12
 Pacific Climate Change Science Program. Op cit 
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90. Tropical cyclones (typhoons) usually form between September and November but are 

often weak when they pass through the Marshall Islands’ region. Nevertheless, RMI was affected 

by devastating cyclones several times in the last few decades. For example, typhoon Paka in 

1997 caused severe damage to crops and damaged 70% of houses on Ailinglalap Atoll, with 

total damage estimated at US$80 million for the entire nation. Typhoons Zelda, Axel and Gay 

each caused significant damage and losses with the space of one year (1991-1992).13 Tropical 

Storm Roy impacted Kwajalein in 1988. 

91. ENSO events also modulate temperature and rainfall in the western equatorial Pacific 

Ocean. Droughts generally occur in the first four to six months of the year following an El Niño. 

During severe El Niño events, rainfall can be suppressed by as much as 80%. The dry season 

begins earlier and ends much later than normal. Variability in temperature and rainfall, during 

ENSO events is shown in Figure 7. 

Figure 7: ENSO Events and Impacts on Rainfall and Temperature 

 

Observed time series of annual average values of mean air temperature (red dots and line) and total rainfall 

(bars) at Kwajalein. Light blue, dark blue and grey bars denote El Niño, La Niña and neutral years respectively. 

Solid black trend lines indicate a least squares fit. 

Source: Pacific-Australia Climate Change Science and Adaptation Planning Program Technical Report, 2014 

  

                                                

13
 Pacific Catastrophe Risk Assessment and Financing Initiative. Country Risk Profile: Marshall Islands, September 

2011 
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92. Planning for the future climate change scenario will help mitigate potential impacts to the 

project, vulnerable ecosystems, and quality of life indicators for Ebeye residents. Of additional 

concern, is if disasters occur more frequently and/or with greater magnitude. Subsequently, 

some local areas will become increasingly marginal as places to live and subsist, especially for 

locations such as atolls. In such cases, migration and displacement could become permanent 

and exacerbate pressures in areas of relocation, such as Ebeye. Potential threats to water, 

wastewater, and power infrastructure will likely include: 

 Increased sea water inundation 

 Increased erosion and subsidence of coastal areas 

 Increased frequency of intense rainfall events, and subsequent flooding 

 Increase in tropical cyclone intensity, though reduced frequency 

 Increase in drought intensity, though reduced frequency 

93. Planning for the potential impacts of climate variability will help to mitigate against 

potential impacts which may include (i) sea water inundation resulting in failure of near shore 

sanitation infrastructure, and (ii) increased risk of contamination of near shore marine waters. 

Planning considerations should include: (i) planning new infrastructure at a suitable elevation 

above the current high tide level (utilizing accurate topographic survey), (ii) provision for 

protective flood berms around existing above ground infrastructure at low elevations above the 

current hide tide level, (iii) ensuring new infrastructure is designed to withstand extreme weather 

events. 

94. Although stormwater management improvements are not part of the project’s scope of 
works, a non-functioning storm water drainage system, as described in the 2010 USACOE 

Ebeye Infrastructure Survey, may have serious impacts on water and sewer infrastructure, 

especially considering predicted climate change variability, such as increased sea level rise and 

rainfall intensity. Rehabilitation of the drainage system is a prime example of a climate change 

adaptation measure that would qualify as a cost effective, "no regrets", investment.  

95. Increasing sea level rise, with more frequent episodes of inundation and coastal erosion, 

will severely impact the existing Ebeye dumpsite, which cannot be considered a sanitary landfill. 

The dumpsite was constructed on the northern end of the island, and extends out over the 

nearshore lagoon reef. Though a berm and concrete block seawall extend around the perimeter, 

it is breached in several locations. The tidal water table is exposed in several areas inside the 

site. Serious consideration needs to be given to any proposed disposal of sewage screenings or 

sludge, without providing adequate containment, to avoid further contamination of nearshore 

waters and direct exposure to residents entering the dumpsite. 

96. The vulnerability of fragile ecosystems such as coral reefs and coastal zones, as well as 

rare or endangered species is further increased by climate variability, droughts, water pollution, 

soil erosion, poor land management and land degradation, and unsustainable development. 
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97. Matrices assessing climate change vulnerability and mitigation measures for the project 

were presented in the project Inception report, and have been further refined, as subproject 

options have been detailed, and are included in Appendix D. 

3. Geology and Geomorphology 

98. The atolls of the Marshall Islands are made up of calcareous remains of coral growth that 

have accumulated over millions of year on the peaks of submerged mid-oceanic volcanic 

islands. The atoll and islands lie in two parallel chains: Ratak (meaning sunrise) to the east, and 

Raliik (sunset) to the west. The two atoll chains are approximately 130 miles (209km) apart and 

are aligned diagonally northwest to southeast between 160 east-173 east and 04N-15 north. 

99. Most atolls of the Marshall Islands consist of an irregular shaped reef-rim with numerous 

islets encircling a lagoon with water depths that can reach 200 feet (60 m). The islets are more 

prevalent on the windward side. The atolls vary in size from Kwajalein, the largest Pacific atoll with 

6.3 square miles (16.4 km2) of dry land and a lagoon of 840 square miles (2,174 km2). Ebeye 

Island is located at the lower, southeastern area of Kwajalein atoll.14 

100. Ebeye lies at the southern edge of the Pacific North Equatorial Current (Latitude: 8° 47' 

33" N, Longitude: 167° 44' 56" E); as such, ocean prevailing currents flow westerly, and towards 

the eastern shore of the island. Consideration of the site location of any new sewerage effluent 

discharge point must take this into account (see Figure 8). 

Figure 8: Pacific North Equatorial Current (NEC) 

 

                                                

14
 State of Coral Reef Ecosystems of the Marshall Islands, NOAA 2008 
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4. Soils 

101. According to the US Department of Agriculture- Natural Resources Conservation Service, 

survey of soils in Majuro and several other islands in the Ratak chain, the main soil component in 

the atoll islands is classified as the Majuro series. With the climate, parent material, topography, 

vegetation, and age of soils being fairly uniform throughout the atoll islands, we can extrapolate 

that soils on Ebeye Island are similar.15 The Majuro series consists of very deep, somewhat 

excessively drained soils that formed in water deposited coral rubble and sand. Slope is 0-2%. 

These soils are sandy-skeletal, carbonate in composition. 

102. Soil properties are an important consideration for evaluating the suitability of individual, or 

collective, septic systems as a sanitation option. Excessively drained soils, such as those soils in 

Ebeye, are not well suited to densely-sited septic systems. The water table (saltwater) is also 

typically encountered at 1 to 1.8 meters depth. These conditions emphasize the need for a 

well-functioning sewage collection and treatment system; especially given the density of 

households in Ebeye. 

5. Freshwater Resources 

103. Groundwater exists as a basal aquifer, often called a freshwater lens—the 

Ghyben-Herzberg lens--on many atoll islands. Water quality varies from somewhat fresh to 

brackish. The lens is recharged by rainfall that percolates through the highly permeable coral 

soil. The groundwater level and salinity fluctuates with the sea tidal level. There are a few private 

wells in use in Ebeye, the water being brackish to mildly brackish, the well water is typically 

bailed by bucket. High groundwater salinity was found during the hydrology investigation in 

March 2014, despite high rainfall during the previous month. This indicates there is low potential 

for fresh groundwater use, and given the minimal lens formed under the narrow island, the width 

of which averages 250 meters across.  

104. There are no surface water resources existing in Ebeye. 

6. Marine Water Quality  

105. Marine water quality in Ebeye is monitored by the RMIEPA. Recent years sample test 

results for period 2011 to 2014 (Appendix A), at numerous sampling locations along the near 

shore reef of the western lagoon, greatly exceed the Class B water quality standard for 

microbiological pollution indicators (Enterococci). Sampling locations with exceedances can be 

found from the northernmost locations ('Outfall 1&2', 'Tobikle') to the southernmost location of 

'Beach Park', with no discernable pattern of frequency (see Figure 9).  

  

                                                

15
 USDA/NRCS. Soil Survey of Airik, Arno, Majuro, Mili and Taroa (July 1989) 
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Figure 9: RMIEPA Coastal Water Quality Sampling Locations 
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106. The wastewater treatment plant being out of operation for over ten years, frequent 

overflows from sewage pump stations and manholes, and runoff of leachate from the northern 

dumpsite, exacerbate biological contamination of marine waters. Land based runoff contains 

high levels of nutrients, including human and animal waste, which has heightened levels of algae 

overgrowth on lagoon reefs (see Appendix B). 

107. Improved capacity development and increased authority have been identified in past 

reports as an important need to support improved environmental protection.16 It is important that 

the RMIEPA’s capacity to monitor and enforce these regulations keeps pace with improvements 

in water and sanitation infrastructure. 

108. Coastal erosion is a serious concern in Ebeye, where construction of sea walls, coastal 

dredging, and beach sand mining has severely impacted the natural beach barrier. The 

proposed Sustainable Development Regulations would phase out shallow water lagoon side 

beach sand mining and dredging on a commercial scale. 

109. Deep oceanic ecosystems, with features such as seamounts and hydrothermal vents, are 

not present within the lagoon of Kwajalein Atoll, where maximum depths reach about 200 ft 

(60m). The peaks of seamounts are typically found at open ocean depths of 330 ft (100m) to 

3300 ft (1000m), and hydrothermal vents at typical open ocean depths of 1 mile (1.5km) to 2.5 

miles (4km). 

6. Air Quality 

110. Only minor ambient air quality impacts tend to occur from sources such as sewage pump 

stations, the power plant, and from motor vehicles. The practice of burning trash at the dumpsite 

at the north end of the island could contribute significant pollutants in nearby areas, including 

some residences south of the dumpsite. Otherwise, consistent trade winds from the northeast 

predominate and one would expect the air quality on Ebeye, to be almost pristine. The RMI has 

not promulgated air quality regulatory standards. 

B. Ecological Environment 

1. Terrestrial Flora and Fauna 

111. Well over 90% of the Ebeye community area is built environment. Vegetation primarily 

consists of plantings amongst residences and yards, such as: coconut, Terminalia catapp, 

tropical almond ('kotel'), Morinda citrafolia, noni, ('nin'), and ornamentals. Casuarina litorea, 

ironwood pines, are also common, planted as windbreaks, and along property boundaries. 

Scaevola taccada 'beach cabbage' or 'naupaka' dominates the shoreline north of the community, 

on the causeway to Gugeegue village. Observed fauna consisted mainly of introduced species 

such as dogs, cats, and rats. Resident and migratory shorebirds are common along the fringing 

reef. 

                                                
16

 ADB TA6204-REG, 2007, Republic of Marshall Islands, Country Environmental Analysis 



 

29 

2. Marine Flora and Fauna 

112. The majority of coral reef ecosystems in the Marshall Islands are in excellent condition, 

with the outer atolls supporting healthy and diverse communities of marine life. Increasing 

threats from fisheries, including illegal fishing methods, climate change, and increasing 

urbanization, are impacting coastlines and coral reefs, especially near the population centers of 

Majuro and Ebeye.17 

113. Survey of the benthic morphology and marine life of the lagoon reef was conducted for 

the project along the proposed route for a new sewer outfall pipeline. The survey was conducted 

by the University of Hawaii Sea Grant Program and the Marshall Islands Marine Science 

Program (also see Appendix B).18  The survey findings raised several ecological concerns 

including: 

 Non-coral invertebrates are largely absent from the reef, especially giant clams.  

 Large (>20cm) and medium (10-20cm) fish are also largely absent from the reef.  

 Coral cover varies from 5-50% across the survey sites. The high average is 

largely due to the very good coral in proximity to the middle part of the existing 

wastewater line. The area of primary concern for protection however, is the 

shallow rise in the reef along the proposed wastewater route, where live corals are 

situated within a field of unconsolidated coral rubble. The deeper coral heads 

have already shifted to macroalgal dominance, with low coral biodiversity.  

 Upwards of 25% of the sandy substrate beyond the outfall is covered with 

cyanobacteria algae and fine silty sediment 2-3mm thick. This is a significant 

amount, and is largely responsible for the supply of nutrients and silt to the deeper 

coral heads. 

114. An additional survey of the marine area off shore of the existing reverse osmosis (reverse 

osmosis) water plant brine discharge was completed during the PPTA in July 2014. The near 

shore area consists of an average 10 meter wide band of sand, interspersed with green coralline 

algae (Halimeda sp.), to depths of about 3 meters. The sea bottom slopes beyond this point to 

depths of about 10 meters, at 40 meters distance from the shoreline. The slope crest and slope 

face habitat consisted of significant stony corals (Scleractinian corals), with coral coverage 

estimated at 50% to 75% (see Appendix C). 

  

                                                

17
 RMIEPA. The State of Coral Reef Ecosystems of the Marshall Islands (2008) 

18
 Fellenius, K & Hess, D. Benthic Morphology and Marine Life Assessment for Siting the Ebeye Wastewater Line 

(2014) 
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3. Threatened, Rare, or Protected Species 

115. No threatened, rare, or protected species (terrestrial or marine) were identified by the 

project. The RMI Endangered Species Act 1975 has not developed a list of species to be 

specified as endangered under the Act. Additional identification and description of marine 

species and habitat is found in Appendix B: Sewer Outfall Benthic Habitat Survey. 

116. No conservation or protected areas have been established for Ebeye Island.19 

C. Social Environment 

1. Socioeconomic Environment 

117. Public sector spending and contributions from the United States, via the Compact of Free 

Association, largely drives the RMI’s relatively small national economy. The government sector 
accounts for 41% of formal employment and 40% of GDP (including state owned enterprises). 

The US Test Site on Kwajalein also accounts for one-third of economic activity. The fragile 

nature of energy and food security was evident when a State of Economic Emergency was 

declared in 2008 following rising inflation which peaked at 30.1%. High food and fuel prices 

resulted, highlighting the vulnerability of the RMI to external market variations.20 

118. Some 94% of the employed Marshallese population worked in paid employment (11,932), 

with the private sector employing 41% of paid employees, ahead of the government sector at 

35%. In all forms of employment males are more prevalent than females, at 65% male to 35% 

female. From 1999 to 2011, formal employment, in both the private and public sectors, increased 

by 1,848, with public sector growth (1,074) ahead of private sector job creation (772).21 

119. The 2011 Census reports that 15.2% of all Kwajalein households reported no income and 

another 7.8% reported less than $3,000 annual income. In total, 23% of all households thus 

reported incomes of less than $3,000 per year or less than $8.22 per day. With an Ebeye census 

average of 8.7 people per household (likely higher for poorer households), that means 23% of 

the Ebeye population is living on less than $0.94 per day with little or no subsistence income. 

120. Vulnerabilities are linked to both physical and social characteristics of its islands and 

people, in addition to ongoing unsustainable development practices. Key drivers of the RMI’s 
vulnerability include: 

 Rapid population growth and over-population in urban centers 

 Low elevation and small atoll islands 

 Unsustainable development 

                                                

19
 Odrikawa Jatios, EPA Deputy General Manager, Ebeye Office, pers. comm 

20
 RMI. Joint National Action Plan for Climate Change Adaptation and Disaster Risk Management 2014-2018 ( 2014) 

21
 RMI. Census of Population and Housing Summary Report (2011) 
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 Localized pollution (including contamination of water supply), poor waste 

management, sanitation, and environmental degradation 

 Climate change impacts including accelerated sea level rise, which may increase 

vulnerability and exposure to shocks and stresses, as well as increase intensity of 

extreme events 

 Limited resources (particularly food, water and fuel) 

 Limited economic potential due to small size and remoteness 

 High exposure to external market shocks (demonstrated by the State of Economic 

Emergency declared in 2008 following unprecedented increases in costs of 

imported food and fuel) 

 Sparse and scattered nature of islands and atolls, making communication and 

transportation to outer islands more difficult, with infrequent and unreliable 

transport links 

121. The key natural and human-induced hazards were listed in the RMI Joint National Action 

Plan below. All are specific concerns for Ebeye residents. 

Figure 10: Key Natural and Human Induced Hazards 

 

Source: RMI Joint National Action Plan for Climate Change Adaptation and Disaster Risk Management 2014-2018 

2. Population 

122. The 2011 Census Report highlighted several population statistics, for RMI in general, and 

specific to Ebeye, which are causal for the human induced hazards and vulnerabilities noted 

above: 

 The 2011 Census recorded a total population of 53,158 persons (27,243 males 

and 25,915 females) currently residing in the RMI.  

 The last Census, or the 1999 Census, revealed 50,840 people so there are 2,318 

more persons in the RMI or 0.4% population growth rate during the inter-censual 

period.  

 Prior to the Census, there were projections that the RMI population would have 

55,000 to over 60,000 people, but due to massive outmigration in recent years, it 

is estimated that around 11,000 Marshallese have left the country.  
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 Majuro and Ebeye continue to contain the largest population share (i.e., 74% or 

39,337 people) and the populations have increased indicating people moving from 

the outer islands.  

 All outer islands’ populations, except Jaluit, Lae, and Lib, have decreased since 
1999.  

 Ebeye is the most densely populated/crowded area in the RMI with 9,614 people 

per square mile.22 

 Small and young children, ages 0-14, continue to constitute the largest portion of 

40%, or 21,263 of the population indicating RMI has very high fertility rates 

although this has come down from 43% and 51% revealed by the 1999 and 1988 

censuses, respectively.  

 Of total occupied houses more than three-quarters (79%) use rainwater collected 

from roofs of their houses and stored in water-catchment as their main source of 

drinking water, indicating that serious policy attention towards water quality is 

needed. 

123. The highest population density in the RMI is on Ebeye island in Kwajalein Atoll where 

11,408 people live on 0.12 square miles (0.31 km2), resulting in population densities 80,117/sq. 

mile or 31,013/km2. Population densities of this magnitude, when associated with overcrowding, 

often entail health and other social challenges of varying severity.  

3. Ethnography 

124. The safeguards assessment for indigenous people, prepared for the project, found that 

“Ebeye people” do not constitute a distinct cultural group, “Ebeye people” are not dominated by 
another Marshallese cultural group or groups, and “Ebeye people” do not speak a language that 
is distinct from the Marshallese language spoken by other Marshallese. Thus, “Ebeye people” 
are not defined as Indigenous Peoples under the SPS.  

4. Land Ownership and Use 

125. Most land in the urban area of Ebeye is occupied with permission from the traditional 

chiefs (Iroji/Alap): 71% with permission from Iroji/Alap, 21% by family rights or closely related to 

title holder, 4% hold land title.  

126. The Public Lands Act 1966 declares that all marine areas below the high watermark 

belong to the national government. The owner of land abutting the ocean or lagoon shall have 

the right to fill in, erect, construct and maintain piers, buildings, or other construction on or over 

the water or reef abutting his land and shall have the ownership and control of such construction; 

provided, that said owner first obtains written permission of the Chief Secretary before beginning 

such construction. 

                                                

22
 Note the populated area of Ebeye encompasses only 1/8th of a square mile (or 80 acres/32 ha) 
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5. Education 

127. The 2011 Census shows 17% of the population six years and older have completed 

either high school (Grade 12) or GED, while another 12% have completed some college or 

higher. Almost one-fourth (24%) have completed grade 9–11, while those who have completed 

grade 8 comprise 14 percent. Over a quarter of the population (28%) six years and older have 

completed elementary grades 1–7, and 3 percent have competed pre-school. Only 2% were 

reported to have never been to school. More males than females were reported to have 

completed a higher level of education. While 13.1 percent of males have at least some college 

education as compared to 9.9% of females, there is very little difference in the percentage of 

those who have completed high school or GED by sex. However, more females than males were 

reported to have completed grade 8–11. 

128. The proportion of the Kwajalein population having completed at least a secondary level of 

education is 27.5% 

6. Poverty 

129. As in most Pacific countries, cash or material poverty is a sensitive and often 

controversial topic. This stems from strong cultural beliefs and practices of ‘caring and sharing’ 
for those vulnerable and where no one gets hungry. Acknowledging the presence of poverty 

challenges the traditional foundation of the society and strength of its culture. 

130. In a recent RMI national report, in preparation for the 2014 Small Island Developing 

States (SIDS) conference in Samoa, the issue of 'economic inclusiveness' was addressed, 

stating "Inclusive economic development is predicated upon eradicating income poverty and 

hunger, reducing inequalities, and ensuring decent work and productive employment.” In 2009, 

the RMI’s progress on Millennium Development Goal 1, Eradicate Extreme Poverty and Hunger, 

was mixed. While the RMI did not yet have abject or extreme poverty, the RMI was not on track 

to meeting the three targets under Millennium Development Goal 1. More recently, the 2010 

Majuro and Kwajalein Household Water Survey concluded that poverty was a real and serious 

problem in urban areas of the RMI, with households facing problems such a no water, no 

electricity, high unemployment, stagnant wages, rising prices, a need for improved government 

services, and access to information.23 

131. The 2011 census reported that 15.2% of all Kwajalein households reported no income 

and another 7.8% reported less than $3,000 annual income. In total, 23% of all households thus 

reported incomes of less than $3,000 per year or less than $8.22 per day. With an Ebeye census 

average of 8.7 people per household (likely higher for poorer households), that means 23% of 

the Ebeye population is living on less than $0.94 per day with little or no subsistence income. 

                                                

23
 RMI-Ministry of Foreign Affairs. National Report to 2014 SIDS Conference ( 2013) 
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7. Cultural and Traditional Features 

132. Initial response from Historic Preservation Office (HPO) indicated that the presence of 

cultural or traditional features of significance were highly unlikely in the project area, especially 

as the project works will lie wholly within the footprint of the existing infrastructure. HPO will issue 

a letter of guidance to the project advising that if any features are encountered during Project 

works, that works will stop immediately and the HPO be notified as soon as possible. The 

project's national community participation and development specialist, and long-time Ebeye 

resident, affirms that no resources of cultural significance have been identified.24 

8. Noise 

133. Vehicle traffic consists of private and commercial cars and trucks; and taxis (typically 

pickup trucks).  It is observed that most residents do not own private vehicles and the main 

mode of transportation is by bicycle or walking. Given this situation it can be reasonably 

assumed that traffic levels do not exceed 100 vehicles per hour, or an average of 15 miles per 

hour (24 kph), which are thresholds, above which traffic generated noise dominates ambient 

noise levels. Below these thresholds, ambient noise levels would be controlled by non-traffic 

noise sources such as voices, animals (dogs, chickens), wind, foliage, etc. Noise levels are 

generally low from commercial activities in the area, such as markets, auto repair shops, and 

port activities (the port area being offset form the residential areas by about 130m).  

134. The US State of Hawaii Department of Health regulations set a maximum permissible 

sound level in general residential areas at 60 dB (decibels).25  Construction works in the 

congested Ebeye community area will likely exceed this level and raise noise impacts to the 

“nuisance” level, defined as 15dB (decibels) above ambient noise levels.26 Mitigation for noise 

impacts to residents will be required, as detailed in section VI, B, Noise Impacts. 

135. No sound measurements were taken during preparation of this IEE. The IEE should be 

updated after detailed design is prepared, to evaluate the construction duration, noise generation 

level of equipment to be used, and an assessment of impacts to specific, sensitive, noise 

receptors, proximate to construction works. 

9. Traffic 

136. Motor vehicle traffic levels are typically light, though minor traffic congestion is 

encountered along the main streets at the end of the work day, mostly due to taxi vehicles. 

One-way traffic is routed in a clockwise direction around the island's perimeter road. As stated 

above, in Noise Quality, it is observed that most residents do not own private vehicles and the 

main mode of transportation is by bicycle or walking. It can be reasonably assumed the traffic 

levels do not exceed 100 vehicles per hour, or an average of 15 miles per hour (24 kph). 

                                                
24

 Stevens R. Titml, Historian, Ministry of Internal Affairs, Historic Preservation Office and Yumi Crisostomo, pers. 

comm. 
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 Title 11, Administrative Rules, Chapter 46, Community Noise Control, Hawaii State Department of Health, 1996 
26

 US Army Corps of Engineers Safety Manual EM 385-1-1, 2003 
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10. Public Health 

137. In the RMI, the health care system is comprised of two hospitals, one in Majuro and one 

in Ebeye, and fifty eight (58) health care centers in the outer atolls and islands. Both hospitals 

provide primary and secondary care, but limited tertiary care. Patients who need tertiary care are 

referred to Honolulu or the Philippines (off-island referrals consume much of the health 

resources). Over the last decade, the people of the Marshall Islands have seen improvements in 

health indicators with decreases in maternal and child mortality. That said, a sedentary lifestyle 

and processed foods have brought about a sharp rise in the levels of adult obesity and 

non-communicable diseases (NCDs). Diabetes-related diseases and cancer are now the leading 

causes of death. High population growth and crowded conditions in urban areas have also 

contributed to the re-emergence and/or rise of certain communicable diseases, such as 

tuberculosis and leprosy. Other areas of concern include malnutrition in children, immunization 

coverage, a high teen pregnancy rate, and alarming rates of STIs.27 

138. The Ministry of Health recently developed a revised National Health Strategy 2012-2014. 

This strategy acknowledges the national goals and objectives stated in the Vision 2018 while 

providing insight on current priorities in the health sector (Figure 11). 

Figure 11: Goals of the National Health Strategy 2012-2014 

 

Source: RMI-Ministry of Foreign Affairs Third International Conference on Small Islands Developing States (2013)  

139. Ministry of Health has partnered with the World Health Organization (WHO) to 

incorporate climate change impacts into its plans and policies, focusing particularly on improved 

drinking water safety planning and rainwater harvesting, as well as household and 

community-based water quality monitoring. 
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 RMI-Ministry of Foreign Affairs. National Report to 2014 SIDS Conference (2013) 
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140. Serious health issues are associated with the existing lack of reliable public water 

delivery. Dependence on household water storage promotes contamination of water, and the 

constrained supply itself discourages proper cleanliness and hygiene. These issues seem to be 

borne out by alarming statistics regarding the incidence of debilitating and life-threatening 

diseases in Ebeye. An additional source of disease transmission is exposure to sewage; through 

direct contact from sewerage system overflows, and from contaminated marine waters. Both 

conditions are prevalent in Ebeye. Exposure to waters contaminated with sewage, through skin 

contact or ingestion, can cause infection and allergic reactions. Conditions associated with 

exposure to sewage include but are not limited to gastroenteritis, skin infections, tetanus, polio, 

hepatitis, cholera, leptospirosis, eye infections and respiratory illness.28  

141. The EPA does not issue cautionary notices to the public, such as “Prohibited Water Use 
Advisory”, for public park areas popular for swimming, such as South Beach Park, or for seafood 

collection areas, when high levels of fecal bacteria from sewage overflows to marine waters are 

detected. Both acute gastritis and acute gastroenteritis are prevalent in Ebeye, and becoming 

more so since 2007, with amoebiasis and giardiasis being persistently common in Ebeye. The 

incidence of hepatitis (in various forms) has also increased in recent years. From 2000-2005, the 

incidence of cholera and other forms of infectious diarrhea were high in Ebeye, but have been 

brought under control in more recent years. Figures 12 and 13 illustrate trends in non-infectious 

and infectious diseases, in part associated with poor water supplies in Ebeye, since 2000.29  

Figure 12: Ebeye Waterborne Non-Infectious Disease Cases 

 

Source: RMI Ministry of Health 

                                                
28

 Guidance on the Health Hazards of Work Involving Exposure to Sewage in the Water Industry (December 2006) 
29

 Data provided by the Ebeye Hospital.  
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Figure 13: Ebeye Waterborne Infectious Disease Cases 

 
Source: RMI Ministry of Health 

142. Solid waste management on Ebeye poses health concerns because they do not have a 

hygienic, sustainable means of disposing trash. Trash is collected and deposited into an 

unsecure open dumpsite, prior to being burned for volume reduction. The burning is often 

inadequate leaving a source for bacterial growth and promotion of disease vectors. There is a 

risk of toxic material contamination to adjacent and underground waters. Additionally, there are 

health risks to residents bordering the dumpsite (USCOE 2010).  

143. The solid waste program on Ebeye is managed by the KALGov Department of Public 

Works (DPW). They are responsible for the collection and disposal of all the solid waste 

generated on the island, and also manage and operate the dumpsite. Currently, the program is 

fully subsidized by the government and no fees are charged to the residents for the service. Most 

of the trash generated on the island can be categorized as municipal solid waste, and comes 

from the residential areas which include several schools, grocery/clothing stores, and 

restaurants. In addition, there is also a hospital that generates medical waste (Figure 14). 

144. The dumpsite (Figure 15) is located at the northern end of the island and occupies an 

area of approximately 5.3 acres (2 ha). The site is adjacent to, or partially encroaching, on the 

reef flat. Open leachate filled pits within the site are seen to be tidally influenced, showing a 

significant hydraulic connection between the site and open sea to the west. (Leachate is the 

formation of highly contaminated water that forms after rainwater passes through the waste). The 

mixed waste is dumped in random piles and eventually burned. There are no burial cells or 

trenches at the site, and no compaction or covering of trash with fill material. 
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Figure 14: Ebeye Dumpsite Conditions 

 

Figure 15: Ebeye Dumpsite Location 
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145. A solid waste management plan has not been developed. Currently, there are no written 

procedures or information available regarding: 

 Dumpsite operations plan (waste cover, vector control, site access control, 

leachate control, health and safety plan) 

 Trash burning procedures 

 Trash collection procedures 

 Waste minimization and recycling (removal of metals, junk cars and plastics) 

 Special waste collection and handling (hazardous materials and medical waste). 

146. The dump is operating without an EPA permit.30 RMI EPA Solid Waste Regulations (Part 

V 19(c)) do not allow for any disposal sites to be 'grandfathered'. Disposal sites that were 

operating prior to the effective date--August 25 1989--of the regulations were required to apply 

for a permit within sixty days of the effective date. 

V. ANALYSIS OF ALTERNATIVES 

A. No Project Alternative 

147. Compared to the with-project scenario, the without-project scenario would see continued 

inefficient and ineffective water and sanitation management, including; frequent water outages, 

continued water contamination, sewerage pump station overflows, odour nuisance, and ongoing 

impacts to marine water quality. There would be continued high incidence of intestinal disease 

outbreaks from contaminated household and public water sources, and from public exposure to 

sewage. The existing sewerage system would limit future development. Health impacts and 

impact to the marine environment would continue. 

B. Discussion of Alternative Solutions 

148. Water System Improvements. No practicable alternatives to the proposed rehabilitation 

of the existing reverse osmosis water plant were evident, as no significant alternative water 

sources exist. Utilizing the former rain catchment area adjacent to the power plant was 

discounted, as the site has already been allocated for solar energy generation. 

149. Providing additional household rainwater catchments was also considered, to reduce the 

reverse osmosis plant capacity, however, it was found that a full capacity reverse osmosis plant 

will still be required during periods of low rainfall. 

                                                

30
 Odrikawa Jatios, EPA Deputy Manager, pers. comm. 
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150. Other system alternatives discussed included the supply of saltwater to the reverse 

osmosis plant; either continued pumping from wells located at the north and south end of the 

island, to the centrally located reverse osmosis plant site; or constructing new wells at the 

reverse osmosis plant site. The project preferred option, would be to utilize new wells on site, 

reducing required pump costs from the north and south wells. 

151. Wastewater System Improvements. Consideration and analysis were given to three 

design options for wastewater treatment, in conjunction with a new ocean outfall that would be 

longer and deeper than the existing ocean outfall. The remaining sewerage infrastructure will be 

upgraded, in place, with no realignment. The upgrade includes four pump station upgrades, and 

some sewer main pipeline replacement. Additional consideration is being given to extending the 

sewer network to service the northern community of approximately 2000. Those households not 

provided with connections, will be serviced by public toilet facilities. 

152. The following three options for wastewater treatment have been considered: 

 Option 1 - Primary treatment by fine screening, with further consideration as to 

whether screenings will be directly disposed, or undergo a subsequent washing prior 

to disposal at the dumpsite; 

 Option 2 - Chemically Enhanced Primary Treatment (CEPT) with fine screening and 

grit removal; 

 Option 3 - Rehabilitation of existing treatment plant with fine screening and grit 

removal. 

153. Each of the above options has varying impacts on the marine environment, the capital 

costs of the project, the long-term Operations and Maintenance (O&M) costs to KAJUR, 

sustainability of the investments, human resource requirements of KAJUR and waste loading on 

the dumpsite. The projected waste water flows to the ocean outfall, via either treatment option is 

1,900 m3/day (502,000 gallons/day). 

154. The PPTA concluded Option 1 is the preferred option, for the following reasons: (i) 

reduced capital costs; (ii) reduced O&M costs, including human resource requirements; (iii) 

increased sustainability of the investment; and (iv) assumption that the new effluent outfall will 

allow for adequate dilution, and die off of pathogens, within an RMI permitted 'mixing zone', per 

RMI Water Quality Regulations. 

155. The Option 2 treatment scenario is characterized by the following: (i) increased capital 

costs, including secondary treatment plant and sludge drying beds construction;(ii) increased 

O&M costs, including human resource requirements and treatment chemicals; (iii) increased 

effluent water quality; (iv) increased waste loading at the dumpsite for sludge disposal; and (v) 

increase construction 'footprint' at the proposed site. 

156. Option 3 treatment scenario is characterized by the following: (i) greater increased capital 

costs, including oxidation ditch rehabilitation, secondary treatment plant and sludge drying beds 

construction; (ii) increased O&M costs, including human resource requirements and treatment 
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chemicals; (iii) increased effluent water quality; (iv) increased waste loading at the dumpsite for 

sludge disposal; and (v) necessitates acquisition of additional land area outside of existing 

treatment plant footprint. 

157. Electrical System Improvements. The proposed electrical power system upgrades 

include replacement of certain appurtenances at the power plant to assure more reliable, 

efficient operation, and increased safety. An institutional capacity building component for the 

utility is also proposed. Alternatives to the proposed project would likely forgo the above positive 

impacts, also jeopardizing the operations of water and wastewater systems. 

158. Renewable energy sources were considered as a component of the Mid Term 

Development (2012-2025) program, with a combination of more efficient diesel power 

generation, solar PV plant, and wind turbines, offering the highest rate of diesel fuel savings. The 

master plan showed that by introducing renewable power generation (solar and wind), and by 

replacing existing domestic appliances including air conditioning and fridges with the energy 

saving appliances, a substantial fuel savings in excess of 30% could be achieved, subject to 

selected power generation options.  

VI. ANTICIPATED ENVIRONMENTAL AND SOCIAL IMPACTS AND MITIGATION 

MEASURES 

159. The potential environmental and social impacts of the proposed subprojects have been 

assessed in line with ADB's Safeguard Policy Statement, including assessment of the possible 

benefits and impacts with regards to (i) sustainable natural resource management; (ii) pollution 

prevention and abatement; (iii) health and safety; and (iv) climate change. Similar to previous 

ADB initiatives that improved water and sanitation services in Ebeye (Ebeye Health and 

Infrastructure, 2002), the project will clearly generate significant environmental and related 

benefits, well in excess of the adverse environmental impacts incurred during Project 

implementation and operations. 

160. The subprojects will rehabilitate existing water, wastewater, and electrical infrastructure, 

in an environmental setting where habitat has been highly modified by the built environment, and 

the densely populated community. 

A. Design and Pre-construction Impacts 

1. Impacts on Physical Resources 

161. These impacts relate to topography, geology, and soils impacts; and consideration of 

climate change, for the three subprojects, at the design and pre-construction stage. Also 

considered, at this stage, is the appropriate implementation of mitigation measures, to monitor 

and ensure compliance with environmental regulations and provide environmental and social 

protection.  
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162. Proper implementation will ensure continuously improving environmental protection 

activities during design, construction, and operation in order to prevent, reduce, or mitigate 

adverse impacts. Inclusion of mitigation measures in contract documents for all subprojects, and 

assurance that the PMU (KAJUR), has adequate capacity to implement the EMP, including 

training of contractor personnel in the requirements of the EMP, will eliminate or minimize 

anticipated impacts. The EMP will require updating following the detailed design phase. 

163. Mitigation measures include: 

 All land acquisition and resettlement issues are resolved. 

 All subprojects will pass through the RMIEPA Environmental Impact Assessment 

(EIA) process under the Environment Protection Act (NEPA, 1984). The EIA 

report will be prepared by the executing agency, and reviewed by the Chairman of 

the RMIEPA. 

 Appropriate environmental mitigation and monitoring measures are included in the 

environmental management plan (EMP). The proposed environmental mitigation 

measures will form part of the design documents for the project and will be 

adequately budgeted, and included in the contracts for procurement of goods and 

services. All contractors and subcontractors will be required to comply with the 

EMP. 

 Contract tender documents will direct the contractor to provide qualified staff for 

environmental, safety and health, management and monitoring, as specified in the 

construction EMP (CEMP). 

 Submission of a construction environmental management plan will be required by 

the contractor, with approval by the DSC, through the PMU. The plan will address 

erosion and sedimentation control (for land based, and marine works), waste and 

materials management, control plans for traffic, noise, and dust. 

164. Climate Change/Natural Hazard considerations. Planning for the potential impacts of 

climate variability, and natural hazards, will help to mitigate against potential impacts which may 

include: (i) sea water inundation resulting in failure of water, wastewater, and electrical systems 

infrastructure; (ii) increased risk of contamination for the community and near shore marine 

waters from sewage overflows.  

165. Mitigation measures include:  

 Planning new infrastructure at a suitable elevation above the current high tide 

level (utilizing accurate topographic survey),  

 Ensuring new infrastructure is designed to withstand extreme weather events, 

such as sea water inundation. 
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 Additional adaptation measures outlined in Appendix D: Climate Change 

Vulnerability Matrix shall be considered and incorporated into the design stage, 

where practicable, to mitigate the future impact of climate change. 

166. Topography, geology, and soils. For all subprojects, land based earthworks will not 

have significant impacts on the existing topography, geology, and soils; the majority of site works 

will be located in the same footprint as the existing water, wastewater, and electrical 

infrastructure. Ebeye, being an atoll island is very flat, with elevation differences of about six 

meters. Soils are uniform, extremely well drained, coral rubble and carbonate sand. 

167. The proposed sewer outfall pipeline construction will temporarily alter the shallow 

seafloor topography, for the 50m section that will be trenched and buried. Mitigation will consist 

of restoring the existing topography and bathymetry upon completion of construction. 

168. Construction permits. Permits will be obtained from RMIEPA for Earthmoving, 

activities, and the project may also be subject to permit requirements pursuant to NEPA, the 

Coastal Conservation Act, the Historic Preservation Act, and the Tourism Act 1991. A preliminary 

proposal is required for “each and every proposed development activity”. The preliminary 

proposal is an initial evaluation to determine whether an action may have a significant 

environmental effect. The preliminary proposal is evaluated by the EPA General Manager to 

determine if the action has the potential to have a ‘significant effect on the environment’, if so, a 

second stage of assessment is required and an EIA must be completed. Submission of the IEE, 

and accompanying project design plans, to RMIEPA, would serve as the required preliminary 

proposal. 

2. Impacts on Ecological Resources 

169. As stated above, land based earthworks for the subprojects, will not have significant 

impacts on the existing topography, geology, and soils, or significant terrestrial habitat. The 

project design proposes that the majority of site works will be located in the same footprint as the 

existing water, wastewater, and electrical infrastructure. The terrestrial ecology has been 

extensively modified by the built environment, and introduced species, in all areas. There are no 

protected sites in the project area. No mitigation for terrestrial ecological impacts is necessary. 

170. Project design for the sewer outfall pipeline route considered the recommendations of the 

marine benthic habitat survey, of the existing and proposed wastewater outfall pipelines, 

conducted for the project (Appendix B: Sewer Outfall Benthic Habitat Survey). The survey found 

healthy shallow subtidal coral quality, but determined that overall reef health is impacted by 

sedimentation, macroalgae cover, and lack of suitable substrate for coral recruitment. The sewer 

outfall pipeline route will follow the recommended alignment to minimize impacts to the lagoon 

marine ecology. Additional required mitigation measures fall under 'construction impacts', below. 
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171. If the project decides on the option of a short, 164' (50m), outfall pipeline for brine 

discharge from the reverse osmosis Water plant, at the location of the existing shoreline 

discharge point, a marine benthic habitat survey will need to be conducted to determine impacts 

to marine ecology, along the proposed pipeline route. The IEE and EMP will need to be updated 

to include mitigation measures for all impacts, to be considered in the detailed design stage. 

172. Project design for the proposed outfall(s) is not considered to have any impact on deep 

oceanic ecosystems, with features such as seamounts and hydrothermal vents. Both outfall 

pipelines would be confined inside the lagoon of Kwajalein Atoll, where maximum depths reach 

about 200 ft (60m), and no such features exist. 

173. Mitigation measures include avoiding and/or minimizing the requirement for disturbance 

of surface soils in the design phase where ever possible. 

3. Impacts on Socio-economic Resources 

174. Land acquisition and resettlement. All three infrastructure subprojects involve land 

acquisition and resettlement. However, only a very small part of that land acquisition would 

involve alienation of new land. In those few cases new extensions of existing easements would 

be acquired for proposed extension of salt and freshwater transmission lines, and for proposed 

extension of sewage collection lines. 

175. By far the greater part of the land acquisition would not involve physical acquisition of 

new lands, but instead would involve legalization of, and potential compensation for the formal 

acquisition of private lands that have long been occupied by the public utility infrastructure the 

KAJUR currently operates under de facto control. Those lands were occupied rather obliquely 

under a lease that has long since lapsed. 

176. A summary of the current situation is as follows: 

 KAJUR does not have any legal right to occupy any of the land underlying any of its 

existing or proposed infrastructure assets on Ebeye; 

 Legal control over all utility corridors on Ebeye is undefined and thus does not 

reside with KAJUR; 

 Because an earlier lease has lapsed, legal ownership of all KAJUR facilities on 

Ebeye now lies with the traditional landowners; 

 Since the 1989 lease over land occupied by KAJUR facilities and utility easements 

has lapsed, and since the lease did not name KAJUR as lessee in any case (they 

did not exist at that time), ADB Safeguards policy requires KAJUR to have access 

to those lands in a way that meets ADB Safeguards requirements. 

177. ADB should monitor the process and outcome of negotiations between the RMI National 

Government and the traditional landowners to ensure ADB safeguard policy requirements are 

met before works commence and perhaps before project approval.  
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178. The project should ensure that households whose property is affected in order to provide 

access for installation of new fresh water, salt water, and sewer lines agree in advance of any 

works and ensure they are compensated in kind by renewing or replacing any damaged assets 

at a standard at least as high, and preferably higher, than the assets’ condition before the 
project. 

179. Impacts from land acquisition and resettlement can be mitigated as follows: 

 KAJUR is designated as the party managing the utility corridors on Ebeye 

 New land lease is acquired or other formal acknowledgement for all existing 

KAJUR utilities 

 New easement is acquired for the proposed new sewage outfall pipeline 

 New easements are acquired for proposed new water and sewer lines 

 Households whose property is affected in order to provide access for installation 

of new water and sewer lines agree in advance of any works, and are 

compensated in kind by renewing or replacing any damaged assets at a standard 

at least as high, and preferably higher, than the assets’ condition before the 
project. 

180. The Public Lands Act, 1966, declared as law, that all marine areas below the high 

watermark belong to the national government, as such there would be no impacts from land 

acquisition and resettlement, to any private or traditional landowners (Alap), as the RMI 

government is the project proponent. 

181. Livelihood impacts are not foreseen, in regards to subsistence fishing, although 

construction of the sewer outfall pipeline will prevent fishers from utilizing this specific area of 

reef, until the end of works. Once complete, the pipeline and concrete anchors will add additional 

physical structure to the reef, which will eventually be colonized by invertebrate biota, and fishes 

will be attracted and naturally orient to the structure, as observed along the existing outfall 

pipeline. 

B. Construction Impacts 

182. The project construction phase has the potential to result in adverse environmental 

impacts. The construction phase, which will occur over a one to two year period will involve 

construction of the infrastructure described in Section III. The proposed construction works have 

the potential to cause adverse environmental impacts to soil, water, air, and marine flora, and 

fauna.  

1. Impacts on Physical Resources 

183. Climate Change/Air Quality. Construction vehicles, equipment, and generators will emit 

greenhouse gases during the period of construction, but will not be a significant contributor to 

overall greenhouse gases.  
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184. The RMI does not have air emissions standards, though solid waste regulations speak to 

the prevention of air pollution from the collection and disposal of solid waste. Construction 

vehicles, equipment, and generators will be serviced regularly to reduce emissions. 

185. Water Quality. Earthworks associated with the project have the potential to result in 

increased sediment runoff entering the coastal marine environment. Earthworks will be required 

for the construction of the water plant and sewerage treatment plant, rehabilitation of the sewer 

pump stations, replacement of pipeline sections for water and sewer systems, land based 

sections of the new sewer outfall, and 50m of near shore sewer outfall to be buried in a trench. 

Minor earthworks will be associated with the electrical system improvements, such as power pole 

replacement and power plant upgrade. 

186.  Sedimentation and subsequent nutrient input has been listed as a key threat to coral 

reef ecosystems, coastal marine water quality and associated flora and fauna in Ebeye.31 The 

effects of run-off impacting the physical and biological aspects of the coral reef ecosystems are 

well documented, and are the most studied impact on coral reefs. Negative impacts are largely 

caused by physically covering of coral reefs and contamination from organic matter and other 

potential contaminants within the sediment.  

187. RMI water quality standards for Class B waters, which are adjacent to the project land 

based works, and where the sewer outfall will be constructed, require turbidity, as measured by 

nephelometric turbidity units (NTU), not to exceed 2 NTU. 

188. Water quality impacts from earthworks can be mitigated as follows: 

 Use of sediment retention fencing, berms, and sandbags around excavations to 

restrict the release of sediment from the construction site; 

 Use of siltation curtains to contain the site area around trenching works on the near 

shore reef to prevent the release of sediment onto the surrounding reef area 

(Figure 16); 

 Immediately re-vegetate and/or stabilize exposed surfaces and stockpiles of 

excavated materials; and 

 Monitor water quality for near shore waters adjacent to land base earthworks and 

for waters adjacent to reef trenching works. 

  

                                                

31
 Coastal Management Framework, RMI EPA 2008 
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Figure 16: Sewer outfall construction mitigation locations 

 

189. Disposal of spoil. Spoil will be generated from water and sewer pipeline installation. 

Mitigation includes: (i) Spoil will either be reused as fill; or (ii) spoils are provided to KalGov for 

use as waste cover at the dumpsite. Spoil amounts should be negligible as pipeline works will 

utilize the existing pipeline footprint. 

190. Generation of solid wastes and disposal. Construction works will result in general 

waste and construction solid waste. Management of waste should include minimization, reuse, 

recycling through the use of multi-compartment collection bins, composting of solid waste where 

appropriate, regular collection, and disposal to the north dumpsite. However, it is noted that the 

amounts of general waste for recycling and composting generated by the project will not be 

significant.  

191. Removal and disposal of any asbestos concrete pipe needs to be supervised by a 

competent person, with worker training provided that assures workers understand the 

significance of the hazards and how to protect themselves. Disposal should consist of placing the 

pipe in a leak proof container or wrapping, marked with the warning statement "Danger 

Asbestos-Containing Material".  
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192. With the absence of any proper landfill facility authorized to accept asbestos waste, it 

would be practicable to obtain approvals to bury the contained pipe in a suitable location, with 

proper signage advising the public not to disturb.32 

193. Solid waste disposal impacts can be mitigated as follows: 

 Contactor will prepare a Waste Management Plan (WMP) as part of the CEMP to 

cover waste disposal procedures, and to include a spill cleanup plan; 

 Multi-compartment collection bins will be provided by the Contractor for waste 

segregation and subsequent reuse and recycling; 

 Burning of construction waste will be prohibited; 

 Solid waste will be collected from the work sites on a regular basis and disposed 

at the north dumpsite, under the direction of KALGov; and 

 Asbestos concrete pipe sections will be placed in leak proof containers or 

wrapping, and marked with the cautionary statement “Danger 
Asbestos-Containing Material. The pipe sections will be buried at an authorized 

location, approved by KALGov and RMIEPA, with proper signage advising the 

public not to disturb. All handling and disposal will be supervised by a competent 

person, trained in asbestos abatement. 

194. Hazardous materials. The use and storage of hazardous materials during construction 

can impact on physical soil and water resources if they accidentally spill or leak into the 

environment and if hazardous materials are not properly disposed of. Mitigation measures 

include: 

 Hazardous materials that will be stored as part of the construction of the 

subprojects will be machinery fuels and oil. Hazardous waste in the form of used 

batteries, fuel drums and oily wastes may require disposal as part of the 

construction works. To mitigate the impacts of hazardous materials use the 

contractor will be required to implement the following:  

 Hydrocarbons and toxic material will be stored in adequately protected sites 

consistent with international best practices to prevent soil and water 

contamination.  

 All areas intended for storage of hazardous materials will be quarantined and 

provided with adequate facilities to combat emergency situations.  

 Segregate hazardous wastes (oily wastes, used batteries, fuel drums) and ensure 

that storage, transport and disposal shall not cause pollution and shall be 

undertaken consistent with international best practice.  

                                                

32
 US Army Corps of Engineers Safety Manual EM 385-1-1 (2003) 
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 Ensure all storage containers are in good condition with proper labeling.  

 Regularly check containers for leakage and undertake necessary repair or 

replacement.  

 Store hazardous materials above possible flood level  

 Discharge of oil contaminated water shall be prohibited.  

 Used oil and other toxic and hazardous materials shall be disposed of off-site at a 

facility authorized by permit, or safely transported off island to a authorized facility.  

 Ensure availability of spill clean-up materials (e.g., absorbent pads, etc.) 

specifically designed for petroleum products and other hazardous substances 

where such materials are being stored.  

2. Impacts on Ecological Resources 

195. Terrestrial ecology. Well over 90% of the Ebeye community area is built environment, 

which has displaced any former natural habitat. Observed fauna consists mainly of introduced 

species such as dogs, cats, and rats. Resident and migratory shorebirds are common along the 

fringing reef, though typically found away from the residential areas. No surface water resources, 

or associated flora and fauna, exist on Ebeye. Construction noise and dust will not have impact 

on any terrestrial habitat of value, and no mitigation is necessary. Clearing planting sites may 

cause permanent or temporal disturbances to vegetation. While no known protected flora 

species have been identified on the project sites, disturbance of vegetation should be minimized.  

196. The project will not introduce any alien species that are not yet established in the region 

of the project, or promote species that are known to be invasive in the given environments. All 

vessels carrying equipment and materials to the project will be subject to inspection by 

agriculture quarantine inspectors, and may be refused entry into the RMI if they are known or 

suspected of being infected or infested with disease or pests. 

197. Mitigation measures include:  

 Prohibition of burning vegetation and residual bushes and grasses when clearing 

planting sites;  

 Only cutting flora which are a direct obstacle to project infrastructure works; 

 All vessels carrying equipment and materials for the project will be subject to 

inspection by agriculture quarantine inspectors. 

198. Marine ecology. The proposed construction of a 350 meter long sewer outfall pipeline 

along the near shore lagoon bottom has the potential to disturb and displace benthic flora and 

fauna, including corals. Approximately 50m of the pipeline(from the shoreline seaward) of the 

pipeline will be trenched and buried, for protection of the pipeline, and to prevent creating an 

impediment to boat traffic in the shallow sub-tidal tidal area. There is no shoreline wetland 

vegetation of concern, such as mangroves.  
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199. Additional sections of pipeline, in deeper water, will be fitted with concrete collar type 

anchors, at intervals along the pipeline, and sections then floated into position along the 

designated route, and lowered to the seafloor (see further description of construction method in 

Section III, B). Favorable conditions along the proposed outfall route exist, in terms of minimal 

diversity of benthic habit. This should result in limited construction impacts and impacts to the 

adjacent marine environment.  

200. The marine survey (Appendix B), conducted along the proposed outfall route in April 

2014, concluded that the area of primary concern for protection, is the "shallow rise in the reef 

along the proposed wastewater pipeline route, where live corals are situated within a field of 

unconsolidated coral rubble" (approximately 30 meters offshore in proximity of Sites BO8, B13, 

B14, also refer to Figure 16).  

201. To mitigate impacts on corals within the outfall route, the marine biologists who 

conducted the survey recommended that small coral colonies that can easily be dislodged in and 

around the outfall route in the shallow subtidal area should be picked up by hand and relocated 

to the same depth either to the north or south. This is particularly important in the area of site 8 

(BO8), and can be done using local diving expertise from Ebeye or Majuro.  

202. Siltation curtains should be established in the area, designated by the red lines in Figure 

16, below. The siltation curtains floated at the surface and weighted at the bottom need to be 

placed during any excavation, dredging, or backfilling works on the reef flat and shallow subtidal 

areas, to mitigate impacts to corals from increased sedimentation. Curtain materials and 

construction should meet industry specifications for their use. Additionally, all work in the 

intertidal area, including land-based work close to the high water line, must take place from two 

hours before to twp hours after low tide. This minimizes the potential for a sediment plume to 

disperse and settle across coral colonies in proximity to any dredging or shoreline modification 

that may be required (e.g. near landing of wastewater pipeline east of site B12). 

203. Impacts to marine ecology from sewer outfall construction will be mitigated as shown 

below: 

 Pipeline placement will strictly follow the alignment recommended in the marine 

survey; 

 Commercial grade siltation curtains, floats and anchor line, will be deployed in the 

location specified above in Figure 16. Curtains to be fully installed prior to any 

trenching works; 

 All work in the intertidal area, including land-based work close to the high water 

line, must take place from two hours before to two hours after low tide; and 

 Small movable coral colonies within the pipeline alignment will be relocated, by 

divers, to suitable areas outside of the perimeter where siltation curtains will be 

anchored. 
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204. Reverse osmosis water plant brine discharge options. Five project options are 

discussed for brine disposal from the new water plant. Two of those options have brine 

discharged directly to marine waters, either at its present shoreline location (Figure 17), or from a 

newly constructed 50m long outfall pipeline.  

Figure 17: Existing brine discharge at shoreline 

 

205. The reverse osmosis water system functions by filtering salts and minerals from 

seawater, thereby producing freshwater. The resultant 'brine' effluent is highly saline, more so 

than ambient seawater, and test results show the effluent as 30-40% more saline33. Brine from 

the present plant is discharged at the shoreline, where it is diluted in the near shore waters 

(Figure 17). Additionally, limited salinity testing (Electrical Conductivity- µS/cm) was completed at 

sample points, 5 meters and 10 meters, north and south of the discharge. Testing at 5m north 

showed slightly elevated salinity (2.4% above ambient levels), whereas testing 5m south showed 

lower salinity (-1.6%, most likely due to a small discharge of freshwater from land into the 

lagoon). At 10m out testing showed no elevated salinity. It is apparent that rapid dilution of the 

brine occurs in the near shore. 

206. However, project master plan design for the improved water plant estimates that brine 

effluent volume will increase to three times the present volume. Whether the increased brine 

volume will impact near shore marine habitat, or be adequately diluted within a short distance 

from discharge, is inconclusive without further testing. Survey of the near shore reef adjacent to 

the present discharge was conducted on July 2014 (see Section IV,B,2, and Appendix C). At 

distances greater than 10m seaward of the discharge, coral habitat increased, with coral cover 

estimated at 50% to 75% at distances of 30m and 40m. Past a coral covered slope at 40m, 

benthic habitat transitioned quickly to mostly barren sand.  

                                                
33

 ADB PPTA. Ebeye Water Supply and Sanitation Project  - Hydrology Report (March 2014) 
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207. Whichever option the project decides upon will require additional assessment to develop 

adequate mitigation for impacts to marine flora and fauna from the brine discharge. The IEE and 

EMP will be updated to include review of the preferred project option. 

3. Impacts on Socio-economic Resources 

208. Construction camp, offices, and laydown areas. It is doubtful that a construction camp 

will need to be built, as the workforce will be small, but public accommodations are also very 

limited. There is one hotel in Ebeye and limited apartment rentals available. Given the density of 

development in the Ebeye residential area, any construction camp would need to be located at 

either the extreme north or south ends of the island, to avoid disturbance to residents. The 

KAJUR utility has sufficient laydown area at the power plant site to accommodate storage of 

materials and equipment. There is also another, smaller, storage facility, next to the existing 

sewerage treatment plant site, which could also accommodate the contractor. Temporary 

housing and offices, with laborers from off island, could create disturbances and conflicts. 

Impacts can be mitigated by the following: 

 Laydown areas are established within KAJUR facilities; 

 Workforce accommodations and office facilities utilize the hotel or rental 

properties; 

 Any camps established are through the approval of KALGov, traditional 

leadership, and landowners; 

 Camps are provided with sufficient potable water, shower and toilet facilities 

(designated male and female); 

 All sites utilized for contractor facilities are restored to the landowner’s satisfaction 
at end of project. Site cleanup will be inspected and approved by KAJUR’s 
environmental manager; and 

 The use of local labor to the greatest extent possible. 

209. Worker health and safety. Worker health and safety requirements must comply with the 

Public Health and Sanitation Act, 1966, and the project will also comply with the World Bank 

Environmental Health and Safety Guidelines. The contractor will prepare a health and safety 

plan (HSP), including an activity hazard analysis (AHA); these will be subject to approval by 

KAJUR’s environmental manager and the DSC, prior to the start of any works. The contractor will 

appoint a competent person as safety manager, who will conduct initial training for workers, prior 

to the start up of works, and hold weekly safety meetings through the project duration. Training 

topics will include review of the HSP and AHA, first aid.  

210. Personal protective equipment (PPE) will be provided by the contractor and will include at 

minimum, safety boots, hardhats, high visibility vests, eye and ear protection, gloves and other 

protective clothing as necessary.  
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211. Potential impacts to worker health and safety include (i) unsanitary living and working 

conditions; (ii) contaminated food and water; (iii) communicable disease; (iv) air and noise 

pollution; (v) work site accidents. These potential impacts and prevention measures will be 

addressed in the HSP.  

212. Mitigation measures proposed to ensure worker health and safety include: 

 Contractor prepared Health and Safety Plan, including an Activity Hazard 

Analysis, approved by KAJUR environmental manager and the DSC; 

 Contractor appoints a competent person as safety manager, supervising all health 

and safety matters; 

 Contractor safety manager conducts initial worker training and review of AHA. 

Weekly safety meetings are conducted through the duration of project; 

 All workers provided with appropriate PPE, as issued by the safety manager. The 

safety manager trains all workers in the proper use of PPE.  

213. Community safety. Impacts of concern to the crowded residential community of Ebeye 

will focus on contractor vehicle and equipment traffic safety, and work site safety. Residential 

streets are typically crowded, especially with the large child population on the island. As most 

residents do not own private vehicles and the main mode of transportation is by bicycle or 

walking, impacts on residential vehicle access will be minor. The road system is circular around 

the island, so if vehicle traffic is restricted in one area, locations can be accessed by traveling in 

the opposite direction. The contractor safety manager must prepare a comprehensive traffic 

safety plan, to be included in the HSP, with review and approval by KAJUR and KALGov. The 

safety manager will appoint full time traffic control personnel with stop and go signs, to direct 

local and construction traffic around all work sites. Work site access will be restricted by fences 

or other barriers to prevent residents, especially children, from entering unsafe areas. Mitigation 

for impacts includes: 

 Contractor traffic safety plan, included in the HSP, and approved by KAJUR and 

KALGov; 

 Full time traffic control personnel at all work sites; 

 Restricted and controlled work site access. 

214. Noise. Construction vehicle and heavy machinery operation has the potential to result in 

significant noise impacts. Noise volume of construction machinery is generally between 80 ~ 110 

dB, while heavy vehicle noise intensity is generally about 90 dB, and general traffic about 60 dB. 

As the majority of the construction works will be within the urban parts of Ebeye or close to 

residential dwellings it will be important to reduce noise impacts where possible. Typical daytime 

residential noise level is 55 dB, noise from construction should be mitigated so that it does not 

exceed a maximum of 3 dB above this background level at the nearest receptor location off site. 
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215. Project equipment and machinery must comply with commonly accepted standards (such 

as Part 204 of US Federal Regulations-Noise Emission Standards for Construction Equipment 

(40 CFR 204)), and select low-noise technology and equipment, use of vibration dampers for 

equipment components with large vibration, and maintaining equipment in good repair. The use 

of construction noise barriers (typically temporary plywood wall structures) may be warranted for 

specific sites, such as pump station and treatment plant works, to provide abatement from noise 

impacts to nearby residents.  The contractor safety manager will monitor noise levels at all work 

sites and document any complaints from residents, then take remedial action. Mitigation for 

noise impacts will include: 

 Construction vehicles and equipment comply with international standards for noise 

emissions; 

 Vehicles and equipment are maintained in good working order; 

 Construction noise barriers are erected where necessary; 

 Construction works should be restricted outside the hours 07:00 and 18:00, or as 

agreed based on consultation with the community, KALGov, and RMIEPA; and 

 The contractor safety manager will monitor noise levels at all work sites and 

document any complaints from residents, then take remedial action. 

216. Dust. Coral dust and sand build up on the paved residential roads in Ebeye, as there is 

typically no road sweeping conducted by Public Works, and the lack of functioning storm water 

drainage exacerbates the problem. Mitigation for dust generation by construction works will 

require the contractor to keep roads in the vicinity of work sites cleaned of dust and sand to avoid 

impacts from fugitive dust, created by vehicles and equipment traffic. Trucks delivering fill 

material will be covered by tarps during transport. 

217. Sites of significance. Initial response from the Ministry of Interior, Historic Preservation 

Office (HPO) indicated that the presence of cultural or traditional features of significance are 

highly unlikely in the project area, especially as the project works will lie wholly within the 

footprint of the existing infrastructure. HPO will issue a letter of guidance to the project, once 

design is finalized and plans are submitted for review. (Stevens R. Titml, Historian, Ministry of 

Internal Affairs, Historic Preservation Office, pers. comm.). The project's National Community 

Participation and Development Specialist, and long-time Ebeye resident, affirms that no 

resources of cultural significance have been identified (Yumi Crisostomo, pers. comm.) 

218. In case such resources are found, all construction work will be put to a halt and 

consultations will be held with the local authorities (KALGov), project staff, and HPO on how to 

proceed. Such events and the subsequent decisions and actions will be reported in the 

environmental progress reports. In any case, to mitigate impacts to cultural or traditional features 

found, the project will not remove any physical cultural resources unless explicit approval is 

granted from HPO and KALGov. 
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C. Operation Impacts 

1. Impacts on Physical Resources 

219. Greenhouse gases emissions. Once the electrical power system improvements 

subproject is complete, operations may result in a minor reduction in greenhouse gases 

emissions due to increased efficiencies from the planned improvement in operations and 

maintenance. Additionally, the subproject will initiate a program of replacing domestic light 

fittings with LED lights and replace appliances, such as air conditioners and refrigerators, with 

energy efficient models, resulting in further fuel savings. Substantial fuel savings and emissions 

reductions are slated for mid -term development (2020-2025), with replacement of gensets with 

more efficient models, and incorporation of renewable energy options, such as solar and wind. 

220. The water subproject, through replacement of the existing, dated, reverse osmosis water 

plant, will realize savings in power consumption of about 25%, from operation of the new modern 

plant. 

221. The wastewater subproject will realize some power consumption and fuel savings from 

improvements to the four sewer pump stations, replacing existing pumps with more efficient 

models. The operation of the new proposed sewer treatment plant will increase fuel consumption 

over the present situation, where the existing plant has been out of operation entirely for about 

ten years. 

222. Marine Water Quality. The project will result in improvements in the sewerage 

infrastructure, most significantly the addition of a newly constructed sewer effluent outfall 

pipeline, which will be 350 meters in length (1150 feet), and discharge at an increased depth of 

35 meters (115 feet). The existing outfall discharges approximately 80 meters (260 feet) from 

shore, at a depth of 5 meters (16 feet). The proposed outfall discharge will provide for rapid 

dilution of effluent with ocean water, immediately on release and incrementally as the effluent 

disperses in the form of an expanding plume, and by die off of pathogens by salt concentrations 

and sunlight. Additionally all four pump station will be refurbished. As a result of these 

infrastructure improvements, the project is expected to result in improved coastal marine water 

quality.  

223. The current coastal marine water quality is defined in Section IV.A. 5, and shows 

exceedances in the Class B standards for microbiological pollution indicators (Enterococci) in 

numerous samples between 2011 and 2014 for the near shore lagoon waters in Ebeye. 

224. The improvement in coastal marine water quality will be contingent on the new outfall's 

performance in providing sufficient offshore dilution of the effluent, assuring the die off of any 

pathogens. The extent to which nutrients and pathogens are diluted by seawater before reaching 

the surface is governed by the level of dilution achieved on release at the outfall opening, 

conditions of salinity, temperature and water currents at and above the point of release, the rate 

of further dilution as the plume rises to the surface, and the direction of travel of the plume. 

Mortality of pathogens as a result of sunlight is a further factor.  
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225. The dilution of effluent will be maximized by ensuring that release occurs at a depth of 30 

meters (98 feet) beneath the water surface (compared to the current situation where release 

occurs near the surface, within the intertidal zone), the fitting of a diffuser at the outfall opening 

which causes effluent to be released in a series of small jets, increases near field dilution.  

226. Measures to mitigate point source effluent discharge impacts, would serve to assure safe 

dilution and die off of pathogens at a sufficient distance offshore, include (i) further analysis of 

water currents at the discharge site, and (ii) hydraulic modeling of the proposed outfall diffuser 

design. 

2. Impacts on Ecological Resources 

227. Marine ecology. The release of sewage effluent into lagoon water could have impacts on 

benthic, and demersal, ecosystems. Impacts would result from proximity to (i) high levels of 

inorganic nutrients, (ii) high levels of particulate matter, and (iii) reduction of available light from 

higher turbidity.34 Sensitive habitats include corals and seagrasses, with impacts favoring algal 

populations, and changing and reducing overall species diversity. This situation was observed in 

the marine benthic survey conducted for the project (Appendix B: Sewer Outfall Benthic Habitat 

Survey), on reef areas adjacent to the existing sewer outfall, which currently discharges 

untreated sewage at 16 ft (5m) depth. Silt and cyanobacteria algae dominate Sites 5 and 6, 

which are proximate to the existing sewer outfall discharge. 

228. The marine survey, described the area around the proposed discharge site for the new 

outfall at 98 ft (30m) to be mostly barren sand flats on the lagoon bottom, with a coral rubble 

patch 4m to the south of Site 3 at Site 9, consisting of mostly sponges, fleshy macroalgae, and 

about 5% coral cover. Another large 'bommie' (an isolated piece of reef or rock) was surveyed 

20m from Site 3 at Site 11, and consisted of most fleshy macroalgae, with no coral cover. 

229. Mitigation measures for sewage effluent discharge impacts should be directed to 

monitoring of water quality and additional benthic survey to assess any changes in baseline 

conditions, after operation of the sewer treatment plant and effluent discharge begin. Mitigation 

measures will include (i) periodic water quality monitoring and (ii) benthic survey to determine if 

impacts from effluent discharge require additional mitigation. 

230. The proposed reverse osmosis water plant is estimated to discharge three times the 

volume of brine currently discharged by the present plant. Impacts from the brine discharge may 

adversely affect 'indigenous biota' and raise isohaline levels above 10% of 'natural conditions', 

which would not comply with RMIEPA marine water quality standards for all classes of marine 

waters. RMIEPA consideration and approval for establishing a regulatory mixing zone for the 

brine point discharge will be necessary for compliance. 

  

                                                
34

 Fabricius, K. Effects of terrestrial runoff on the ecology of corals and coral reefs, Marine Pollution Bulletin. pp 50, 

125-146 (2005) 
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231. Project options are still being considered as to where and by what means the brine will be 

conveyed and discharged to marine waters (see Section III, A). Whatever option is decided, final 

design shall be based on a discharge modeling study, and site specific water quality 

assessment, and a benthic morphology and marine life assessment. Mitigation measures for 

brine discharge impacts will include: (i) discharge modeling study, (ii) water quality assessment 

of discharge site, (iii) benthic morphology and marine life assessment of the discharge site and 

adjacent area. 

3. Impacts on Socio-economic Resources 

232. Public water system improvements subproject will result in the consistent delivery of 

properly treated water to connected households, and will adopt the Pacific Water and 

Wastewater Association benchmark of 150 liters/cap/day or 40 gallons/cap/day, as an adequate 

supply per capita. The improvements will reduce the incidence of contamination within the public 

system and also reduce the reliance upon household water catchments, which are frequently 

contaminated, leading to reduced incidents of gastrointestinal infections (GI) infections. 

233. Water system improvements, assuring consistent potable water from the tap, will alleviate 

hardships currently experienced in sourcing drinking water, and transporting the water to 

households. Many residents now carry water containers filled at the Kwajalein military base 

across on the ferry to the homes in Ebeye. The amount of purchased bottled water for drinking, 

and the subsequent plastic waste, will be reduced once the public is assured the supply is 

potable, and expanded water reticulation services more households. 

234. Wastewater system improvements subproject will result in the reduction of public 

exposure to untreated sewage by decreasing overflow events, and reducing the incidence of 

coastal water pollution by untreated sewage. These subproject improvements seek to reduce the 

risk of GI, such as diarrhea, cholera and dysentery. These health impacts are commonly related 

to ingestion of water contaminated with human feces.35 The occurrence of treated cases of GI 

and diarrhea should be monitored to quantify this benefit. There will be a need to establish a 

proper facility and procedures for disposal of sewage screenings and biosolids, the most likely 

location being the existing KALGov dumpsite at the north end of the island, to avoid creating 

another route of public exposure to sewage, and near shore contamination. 

235. Potential impacts from sewage waste disposal. Disposal of wastewater system 

'screenings' or biosolids sludge products, dependent on options chosen for the proposed 

treatment plant design, must be carefully considered in light of the constraints posed by the 

intended disposal site, that is the dumpsite at the north end of the island (see Section IV,F). The 

dumpsite in not currently permitted by RMIEPA as a solid waste landfill, or for the disposal of 

sewage waste. RMIEPA Solid Waste Regulations state that "dewatered sludge from water 

treatment plants and dewatered digested sludge from wastewater treatment plants shall be 

mixed with the other deposited solid wastes at the landfill to prevent localized leaching".  

                                                

35
 WHO, 2014, http://www.who.int/water_sanitation_health/diseases/diarrhoea/en/  
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236. "Raw sewage sludges... are prohibited at all solid waste disposal facilities" (RMIEPA 

Solid Waste Regulations, Section 34,C). 

237. Possible negative impacts include; increased contamination of the dumpsite and adjacent 

coastal waters with pathogenic organisms, and introducing an additional source of disease 

transmission from exposure to sewage waste. Exposure to sewage, through skin contact or 

ingestion, can cause infection and allergic reactions. Conditions associated with exposure to 

sewage include but are not limited to gastroenteritis, skin infections, tetanus, polio, hepatitis, 

cholera, leptospirosis, eye infections and respiratory illness.  

238. To mitigate potential public health impacts, a properly designed containment area needs 

to be established at the dumpsite to receive sewage waste. This containment area needs to be 

scaled to the estimated volume of sewage waste anticipated from the treatment plant. Additional 

assessment needs to be completed to establish proper handling and disposal procedures. 

Access to the containment area needs to be restricted to KalGov employees, who are charged 

with waste disposal. These employees should receive appropriate instruction, training and 

supervision. Suitable Personal Protective Equipment (PPE) should be supplied, which may 

include waterproof/abrasion-resistant gloves, footwear, eye and respiratory protection, and face 

visors that are particularly effective against splashes, this applies also to KAJUR employees 

working at the sewage treatment plant. Employees involved with sewage work should be 

routinely offered inoculations against tetanus and polio, and they should be kept up to date. 

Hepatitis A and B immunization should be offered on the basis of a risk assessment.  

239. Mitigation measures for impacts from disposal of sewage waste include: 

 Development of a solid waste management plan (SWMP)by KALGov, with 

assistance from KAJUR (Government of Japan, JICA, also assisting with SWMP). 

The plan will include engineered designs for waste containment, including sewage 

waste. Procedures for proper handling and disposal of all wastes to be received by 

the facility are included in the plan. 

 The management plan will include a worker health and safety plan, with specific 

procedures for all workers handling sewage waste (this includes KAJUR and 

KALGov employees).  

 Proper PPE for waste handling will be issued to workers. 

 Worker inoculations against tetanus and polio are kept up to date. Hepatitis A and 

B immunization should be offered on the basis of a risk assessment.  

 Access to the facility is restricted to KALGov employees. 

 Obtain RMIEPA Solid Waste Regulations permit, and compliance with regulations. 

 Adequate funding is provided to complete management plan development and 

facility modifications. 
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240. Reducing the occurrences of sewage overflows will result in reduced odor nuisance 

incidence. The rehabilitated pump stations will be properly sealed further reducing odors during 

operation. 

241. The wastewater subproject will include improved access control to wells, high voltage 

switchboards, pump stations and other related infrastructure which is currently easily accessible 

to the public. These improvements in access control will reduce the risk of injury associated with 

these potentially hazardous areas. 

242. Improved marine water quality, will bring associated social and public health benefits, 

including reduced risk exposure to elevated fecal coliform concentrations for recreational marine 

water users, and reduced risk of contamination of marine food sources. Improved water quality 

and reduced odors will reduce the potential risk of negative impacts to the Ebeye tourism 

industry. An improved sewerage system will provide additional capacity for future development of 

hotels and other similar development. 

243. The project's Hygiene Promotion Plan will further hygiene awareness and education, to 

correct ineffective hygiene behaviors, especially among children. Fundamental both to reducing 

vulnerability to disease, as well as changing attitudes to practices that spread disease, is an 

understanding of the principles of personal hygiene. The Plan will encourage the use of safe 

KAJUR water by households. These efforts are aimed at a further reduction in the incidence of 

infections. 

244. Electrical power system improvements subproject. Improvements will result in a 

more stable delivery of power, assuring the function of improved water and wastewater 

infrastructure assets. Additional benefits include reduced diesel fuel consumption through 

improve operations and maintenance procedures. Resultant greenhouse gases reduction would 

also be a positive impact, as would reduced energy costs. 

245. Safety for workers at the power plant will be improved through the removal of abandoned, 

decommissioned, equipment, which is currently posing potential hazards to workers. 

246. Poverty analysis. The project will assist the public utility company, KAJUR, to implement 

institutional reforms to enhance the financial and technical sustainability of the water supply and 

sewerage services together with the electricity services on which they depend. The result will be 

a healthier and more productive population with fewer private and public funds spent on medical 

services and fewer work and school days lost to illness. Reduction of income poverty will thus be 

indirect through greater lifetime productivity and earnings together with lower medical expenses. 

247. Ebeye is a very densely populated urban community where more than one quarter of all 

households are not connected to the public fresh water supply, more than one third are not 

connected to the public sewerage system, and less than half are connected to both systems. The 

unconnected households are almost entirely those that also suffer income poverty under which a 

quarter of all residents live on less than $1.00 per day with no significant subsistence income.  
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248. The project will reduce poverty of opportunity by improving and extending potable water 

and sewerage services to all residents. The project will also help institute lifeline rates for potable 

water, for sewerage, and for electricity so that all households can afford at least the necessary 

minimum of these essential urban services. 

249. The project includes six pro-poor design features. 

 The project will extend potable water and sewerage infrastructure to all areas of 

the community that currently lack that infrastructure, which generally means to the 

poorest areas. 

 The project will make connections to residences that currently lack water and 

sewerage connections and will provide and install the necessary equipment so 

residents can use the services. Without such project support, the poorest people 

could not afford to connect to the services and thus would not receive the direct 

benefits of the project. 

 The project will help design and institute a tiered system of residential pricing for 

potable water and for electricity that will provide lifeline rates for basic levels of 

usage together with higher rates for additional usage. Sewerage will be charged 

consistently at an affordable flat rate for everyone. 

 The project will provide and install pre-pay meters for potable water that will help 

households manage their water expenditure so as to prevent overspending and 

cutoffs of service that would otherwise result from unpaid water bills. 

 The project will improve efficiency to make all three utility services more affordable 

overall and more sustainable. 

 The project will help make KAJUR self-funding and thus reduce or eliminate 

external subsidies that are now passed on to wealthier consumers in the form of 

highly subsidized electricity, water, and sewerage services that the poor generally 

do not receive. 

VII. INFORMATION DISCLOSURE AND PUBLIC CONSULTATIONS 

A. Legislative Framework for Public Consultation 

250. Public participation and consultation in the evaluation of project design, planning and 

implementation is an important part of environmental impact assessment; it can directly reflect 

the public’s perceptions on environmental quality in the project’s area of influence. Relevant 

provisions in the local RMIEPA EIA regulation require public consultation through public 

disclosure, provision for submission of written comments, design review and RMIEPA approval.  
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251. ADB’s environmental guidelines also have detailed and strict requirements on public 

participation and consultation. The public consultation processes for this project therefore follow 

both the RMI requirements and the ADB requirements (most recently amended in the ADB 

Safeguards Policy Statement of 2009). 

B. Public Consultation Activities 

252. Project preparation included (i) information dissemination, (ii) stakeholder consultation, 

and (iii) information disclosure. 

253. Public consultation. Public consultation survey methodology was developed during the 

Inception phase, with two components comprising the Household Survey: Part I: Hygiene 

practices and knowledge of waterborne diseases, and Part II: Water Supply and Sanitation. The 

Household Survey was conducted in July to October 2014 with the following key objectives: 

 Identify and assess the prevalent hygiene practices on Ebeye.  

 Gauge awareness and perceptions on waterborne disease.  

 Gauge expectations of delivery standards for public water supply and sanitation 

services.  

 Gauge awareness of the need to conserve water and the costs to provide potable 

water and sewerage services on Ebeye.  

254. Research queries were developed with a view to capturing an outcome meeting the 

aforementioned objectives, and the target number of household surveys was set at 1098. Prior to 

conducting the survey, a public notice to residents was issued, which included letters of support 

from traditional landowners ('Alap'). Resident response rate to the survey teams was reported at 

100%. Survey categories comprised: (i) households with water meters; (ii) households without 

water meters; and (iii) new households, or houses not listed as with or without a meter. 

255. Survey results specific to environmental and social concerns included: 

 Many residents indicated they had no choice but to practice open defecation on the 

lagoon side area of Tobikle weto (hamlet) at the 'North Camp' subdivision, with the 

existing limited water and sewer service. Unsanitary conditions were also noted at 

the existing public toilet building compound (Response: Project improvements will 

be extended into the North Camp subdivision, eliminating the need for open 

defecation. Noted in the IEE Project Description, Section III, as included in the 

design for water and sewer improvements). 

 Those weto (hamlets) with better existing water and sanitation service also showed 

general poor hygiene indicators, such 'signs of feces around restroom areas', and 

'no soap in sight of water taps' (Response: The project's Component 4 - Hygiene 

Awareness and Education Program will implement the Hygiene Promotion Plan, to 

strengthen and build on the existing community outreach programs and school 

health curriculum). 
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 Survey results showed only about 30% of toilets working properly, as with 

functioning float valves that shut off water flow when tanks are full. This documents 

the significant water loss to the saltwater flushing system (Response: Project 

works will include the repair or replacement of an estimated 880 household 

flushing connections). 

256. Stakeholder consultations during IEE. The PPTA team held a publically advertised 

consultation workshop with Project stakeholders during the Mid-Term, or Interim, phase of the 

PPTA on April 22 2014. Following the ADB environmental assessment guidelines, the PPTA 

team ensured that people from areas where potential impacts might occur were consulted, as 

well as appropriate representatives to cover a range of age, gender, poverty, and ethnic 

categories. The stakeholder groups included: (i) KAJUR); (ii) KALGov/ Mayor's Office; (iii) 

Ministry of Health; (v) RMIEPA Ebeye Office; (vi) business owners along project sites; (ix) 

traditional leaders/chiefs; (x) women’s groups; (xi) landowners; and (xii) affected households. 

The PPTA team gave presentations including: (i) status of water, sanitation, electrical master 

plans, (ii) asset management plans, (iii) status of financial management, community consultation, 

and environmental aspects (minutes of meeting and attendance list are available).  

257. On the topic of charging tariffs, it was commented that the system is not conducive at 

present for fair and equitable charges as it is a poor service. It's not that people aren't open to 

pay for services that they can benefit from (Response: Project improvements will provide 

adequate levels of service, as detailed in the IEE, and stipulated in the EMP Management and 

Monitoring Matrix (Appendix A)-Design/Pre-construction Stage). 

158. Following the Mid-Term Workshop, the Project Steering Committee (PSC), met on April 

23, to address specific issues raised by Workshop participants, these issues are summarized in 

Table 3.  

Table 3: Project Steering Committee Recommendations 

Issues PSC Recommendations 

Should 100% of residents be provided with access to 

piped water supply and sanitation? 

Yes, it is the recommendation of the committee that 100% 

of the community (including the disadvantaged) be 

provided access to water and sanitation. 

Should the project improve toilet facilities in schools?  Yes, the project should improve toilet facilities in private 

schools.  Improvement on toilet facilities for public schools 

will be covered under ongoing RMI school development 

projects.  The committee further recommends that school 

toilet facilities be accessible to the disabled population. 

Should the project pay for new/upgraded 

connections? 

Initially yes, but after project completion, customers should 

pay for their own new and upgraded connections. 

Should customers pay for connections, but on an 

installment basis? 

Yes, project should absorb initial cost.  After project 

completion, customers should bear the cost for new 

installation.  Options for installment payment should be 

maintained. 
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Issues PSC Recommendations 

What is the policy toward the provision of communal 

facilities:  public toilets, public standpipes? 

The committee still recommends private toilets where 

possible and public toilets where needed.  Ownership and 

maintenance responsibility over public toilets must be 

clearly defined.   

Water supply level of service to be provided by 

KAJUR? 

Recommendation of the committee is that water be 

provided at adequate pressure 24/7 and that it be safe for 

human consumption. 

What formal arrangements are required with MOH and 

MOE to implement hygiene promotion activities using 

Ebeye Hospital personnel and through schools? 

The committee recommends that a clear Memorandum of 

Understanding be established between the project, MOH 

and MOE. 

 

258. The affected people from with the project area were mainly concerned about the funding 

and implementation of the project, capacity of the implementing agency to operate and maintain 

the new systems; decision making processes for the future planning relating to water and 

sanitation; a strong expectation for reliable delivery of safe water, and a reduction in the 

occurrence of sewage overflows to mitigate public health risk and potential impacts to the marine 

environment. 

259. The primary anticipated negative impacts included: (i) poor operation and maintenance of 

the facility resulting in poor performance and ongoing environmental impacts, and (ii) potential 

impacts to the marine environment. The stakeholder consultation also reinforced the current 

issues associated with the existing system, which included common concerns such as (i) 

disruption of water service and rationing, (ii) chronic overflowing of raw sewage to streets, 

houses, and yards, (iii) weak planning, monitoring and reporting, and enforcement to address 

overflows,  (iv) weak communication on sanitation problems by responsible agencies and 

measures being undertaken to address them, (v) funding, (vi) perceived inaction and lack of 

information by government agencies to address sanitation problems.  

Table 4: Environmental agency consultations findings 

Stakeholder 

 

Identified Benefits Issues Forward Proposed Actions 

1. National Government 

1.1 Mr. Lowell Alik, General 

Manager, Environmental 

Protection Authority (EPA), 

Majuro Office 

Mr. Julian Alik, Deputy 

General Manager, EPA 

Improved water and 

sewer systems will 

achieve compliance 

with RMIEPA 

regulations. 

Concerns for 

maintenance of 

systems and possible 

environmental impacts. 

Need for enforcement of 

permitting requirements 

and enforcement of permit 

conditions 

Capacity building in 

KAJUR and KALGov for 

Operations and 

Maintenance (O&M). 

The project will provide the 

Environmental Management 

Plan (EMP), with necessary 

information for permitting 

requirements, and reporting 

capacity. The project will 

provide assistance to 

KAJUR/KALGov in developing 

O&M plans, including 

environmental protection and 

compliance. 
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Stakeholder 

 

Identified Benefits Issues Forward Proposed Actions 

1.2. Mr. Odrikawa Jatios, 

Deputy Manager-RMIEPA 

Ebeye Field Office 

June 23 2014, July 2 2014 

Improved coastal water 

quality, improved 

public water system 

quality. 

Compliance with 

RMIEPA regulations 

Need for improved water 

quality monitoring; for 

public water system and 

coastal marine waters. 

 

Increase capacity for water 

quality monitoring, and insure 

consistent reporting 

1.3 Mr. Abraham Hicking 

Water Quality Laboratory 

Supervisor, 

EPA Majuro Office 

July 3 2014 

Improved coastal water 

quality, improved 

public water system 

quality 

Need for improved water 

quality monitoring; for 

public water system and 

coastal marine waters 

Increase capacity for water 

quality monitoring 

2. Local Government 

2.1 Mr. Aeto Bantol 

KalGov Public Works 

Director, 

Ebeye Mayor's Office/ 

June 30 2014 

Reduced sewer 

overflows into 

streets, storm 

drainage. 

Concern for disposal of 

sewage waste at KalGov 

dumpsite 

Improvement to dumpsite. 

Worker training in sewage 

waste training 

 

1. Information Disclosure 

260. Environmental information on the project was and will be disclosed. This IEE will be made 

available for review by interested stakeholders at the RMIEPA upon submission. In accordance 

with the requirements under the SPS, ADB shall post on its website the following documents 

submitted by RMI/KAJUR: (i) the final IEE, upon receipt by ADB; (ii) a new or updated EIA or IEE, 

and a corrective action plan, if any, prepared during project implementation, upon receipt by 

ADB. 

VIII. GRIEVANCE REDRESS MECHANISM 

261. In order to settle unforeseen issues effectively, an effective and transparent channel for 

lodging complaints and grievances has been established. Public participation, consultation and 

information disclosure undertaken as part of the IEE process have discussed and addressed 

major community concerns. Continued public participation and consultation has been 

emphasized as a key component of successful project implementation. As a result of this public 

participation and safeguard assessment during the initial stages of the project, major issues of 

grievance are not expected. However, unforeseen issues may occur. In order to settle such 

issues effectively, an effective and transparent channel for lodging complaints and grievances 

has been established. 

262. In the event of a grievance, the basic stages established for redress are: 

Stage 1: If a concern arises during construction, the affected person tries to resolve the 

issue of concern directly with the contractor and the project manager. If successful, no 

further follow-up is required. 



 

65 

Stage 2: If the affected person is not satisfied with the reply in Stage 1, he/she can 

appeal to the local government after receiving the reply in Stage 1 and the local 

government must give a clear reply within 2 weeks. 

Stage 3: If the affected person is still not satisfied with the reply of local government, he 

can appeal to KAJUR. KAJUR, through the PMU, must report to the ADB project officer 

as soon as the complaint is recorded, by submitting relevant documents. KAJUR, the IA, 

must prepare a clear reply in consultation with the EPA (if applicable), and give it to the 

affected person within 30 days. 

Stage 4: If the affected person is still not satisfied with the reply of KAJUR, he/she can 

appeal to the Office of the First Secretary (EA), after receiving the reply of Stage 3. The 

EA must report to ADB as soon as the complaint is recorded by submitting relevant 

documents, and prepare a clear reply in consultation with ADB. The EA must give the 

reply to the affected person within 30 days. ADB project team will assess the situation, 

contact the affected people and government project counterparts and design and 

implement the course of actions. Stages 1-4 will be further refined during the detailed 

design stage. 

263. In addition to the established project specific channel above, ADB's overall accountability 

mechanism (2003) applies. The mechanism provides opportunities for people adversely affected 

by ADB-financed projects to express their grievances; seek solutions; and report alleged 

violations of ADB’s operational policies and procedures, including safeguard policies. ADB’s 
accountability mechanism comprises two separate, but related, functions: (i) consultation, led by 

ADB’s special project facilitator, to assist people adversely affected by ADB-assisted projects in 

finding solutions to their problems; and (ii) providing a process through which those affected by 

projects can file requests for compliance review by ADB’s Compliance Review Panel. 

IX. ENVIRONMENTAL MANAGEMENT PLAN 

A. Introduction 

264. The objective of establishing an EMP is not only to stipulate appropriate mitigation 

measures, but also to require establishment of institutions or mechanisms to monitor and ensure 

compliance with environmental regulations and implementation of the required mitigation 

measures. Such institutions and mechanisms will seek to ensure continuously improving 

environmental protection activities during design, construction, and operation in order to prevent, 

reduce, or mitigate adverse impacts. The EMP draws on the IEE report and on the project 

discussions and agreements with the relevant government agencies. 

265. Adverse environmental impacts of the project will mainly be construction impacts, which 

are expected to be minimal and adequate mitigation measures will be implemented.  
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266. Adverse environmental impacts associated with the project will be prevented, eliminated, 

or minimized to an acceptable level if the EMP component of the IEE is effectively implemented. 

The EMP will be reviewed and updated at the end of the detailed design stage in order to be 

consistent with the final project design, the contractor will prepare a construction EMP (CEMP) 

detailing the methods to be used in complying with the EMP. These plans will be approved by 

KAJUR, RMIEPA and ADB, prior to implementation.  

267. The EMP includes the following information: 

 Implementation arrangements for the EMP including: (i) institutional  roles and 

responsibilities for EMP implementation throughout all stages of the project 

(procurement, design, construction, operation); (ii) capacity building 

requirements for executing agency to ensure environmental management 

requirements are properly understood and fully implemented; and (iii) grievance 

redress mechanism. 

 Environmental mitigation and monitoring matrices including: (i) potential 

environmental impacts that could occur during each stage of the project (pre- 

construction/design, construction, operation); (ii) proposed mitigation measures 

to address each impact identified; (iii) agency responsible for implementing 

each mitigation measure; (iv) monitoring tasks to ensure mitigation measures 

have been implemented effectively during each stage of the project; and (v) 

schedule and responsibility for monitoring; 

 Costs associated with implementation of all aspects of the EMP. 

268. The EMP matrix (Appendix F) will be updated based on detailed design and developed 

into a detailed CEMP by the contractor. The PMU will include an environment manager, who will 

be responsible for supervision of the CEMP implementation through regular inspection of 

construction-related activities, and weekly Project progress meetings with the contractor. The 

PMU will ensure that adequate and timely corrective actions are taken by the contractor, to 

maintain compliance with the EMP. The PMU project manager will be available to receive 

complaints and concerns regarding project construction activities from the local community. 

Complaints and corrective actions will be reported to ADB on a quarterly basis. 

B. Institutional Arrangements, Roles and Responsibilities 

269. The PMU. KAJUR, as implementing agency for the project, has established a Project 

Management Unit (PMU) that is responsible for overseeing and managing project execution, 

including compliance with project requirements (financial management, procurement, 

safeguards, and monitoring and evaluation). A design and supervision consultant (DSC) will be 

responsible for detailed designs, preparation of bidding documents and assisting with bid 

evaluation, and monitoring construction. 
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270. The PMU within the KAJUR will be responsible for setting up the environmental 

management system, consisting of inspection, monitoring, reporting, and initiating corrective 

actions or measures. In the design stage, the PMU will pass the EMP to the DSC for 

incorporating mitigation measures into the detailed designs. The EMP will be updated at the end 

of the detailed design, and finally be passed to the construction contractor for preparation of the 

CEMP. To ensure that contractors will comply with EMP provisions, the PMU/DSC will prepare 

and provide the following specification clauses for incorporation into the bidding procedures: (i) a 

list of environmental management requirements to be budgeted by the bidders in their proposals; 

(ii) environmental clauses for contractual terms and conditions, and (iii) the full IEE report for 

compliance. The PMU and contractor will each nominate dedicated, trained, and qualified 

environment specialists to undertake environmental management activities and ensure effective 

EMP implementation. 

271. Design and Supervision Consultant. The DSC will include international and national 

specialists to implement the required safeguard tasks. Members of the DSC team will include: 

(i) environmental safeguard specialist (international) (ESS); (ii) social safeguard/resettlement 

specialist (international) (SSS); (iii) national safeguards specialist (NSS); and (iv) gender and 

community development specialist (national) (GCDS). The DSC will be headed by a team 

leader. 

272. General environmental management requirements of the DSC include: 

 Update the EMP and incorporate mitigation measures into the detailed designs; 

 Establish the project's monitoring procedures; 

 Provide training to the  PMU and contractor, as required, prior to preparation 

of t he  CEMP. Training will cover the following: 

o Implementing mitigation measures 

o Environmental monitoring and supervision 

o Documentation and reporting 

 Review the environmental and land acquisition / resettlement requirements for 

each subproject; 

 Review and approval of the CEMP; 

 Supervising the implementation of the CEMP during construction; and 

 Monitoring and reporting. 

273. Within the DSC team, the ESS, SSS, and NSS will have specific responsibilities for 

implementation of the EMP, and social safeguards requirements. These include: 

(i) Based on detailed designs, update the EMP from the approved IEE. 

Incorporate the EMP and RMIEPA’s EIA conditions into the construction 

section of the bid and contract documents. 

(ii) With the GCDS arrange public consultation to advise affected communities of 

the scope and scheduling of the subproject and to raise awareness within the 
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community of the likely phasing of events that will occur within their 

residential area. 

(iii) Following the award of the contract and prior to submission of the CEMP, 

provide general EMP and safeguards indoctrination for the contractor. 

(iv) Ensure that contractor has access to the environmental assessments of the 

subprojects and the EIA conditions issued by RMIEPA. 

(v) With the project manager, supervise and monitor the contractor’s compliance 

with the approved CEMP. As required, issue non-compliance notices to the 

contractor through the project manager. Any instructions or requirements for 

corrective actions will be issued through the project manager. 

(vi) Prepare reports of site visits and compliance checks at least every two 

months, contribute to the quarterly progress reports (summary of 

compliance reports and contractor’s monthly reports and any other 

safeguards activities including training seminars or workshops), and prepare 

environmental safeguards monitoring audits twice per year. 

274. Contractor. The contractor will be responsible for complying with the environmental 

management requirements included in the contract as follows: 

(i) Contractor will submit the CEMP to the PMU/DSC for approval prior to 

construction. The CEMP will provide the methodology and procedures for 

implementing mitigation measures, and EIA conditions, for all construction 

works. 

(ii) Designate an environmental and safety officer who will take lead 

responsibility for implementation of the CEMP, and provide daily supervision. 

(iii) The safety manager will develop the health and safety plan (HSP) and activity 

hazard analysis, and submit to the project manager for approval. 

(iv) Provide briefings and training seminars for all workers (and sub-contractors as 

relevant) on the CEMP and safeguards requirements governing the project. 

(v) The contractor is required to undertake work as directed by the project 

manager (who will be assisted by the ESS and NSS). If the work is 

non-compliant with the CEMP or conditions, the contractor must respond to 

the defect notice issued and rectify the issue or work. 

(vi) The contractor will cover CEMP implementation, including grievance redress, 

in the monthly reports that will be submitted to the DSC. The report will also 

contain the monthly accident/incident report. 

275. RMIEPA. The RMIEPA General Manager will be responsible for:  

(i) Reviewing the application and p reliminary proposal, and determine what 

additional assessment is required, if any for each subproject development 

activity, and review the assessment reports when submitted.  
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(ii) If a determination is made that a proposed development activity does not 

significantly affect the environment, the General Manager shall give written 

notification to the proponent of that finding. Upon receiving this notification, no 

further action is required under these Regulations before the proponent may 

continue with the proposed development activity. 

(i) If a determination is made that the proposed development activity may have a 

significant effect on the environment, the General Manager shall notify the 

proponent in writing that an Environmental Impact Assessment is required. 

(ii) Develop permit conditions to be issued with the approval. 

(i) Participate in a monitoring committee, along with the PMU project manager, 

the ESS, SSS and NSS, and GCDS, and review monthly monitoring reports.  

(ii) Conduct periodic monitoring of the subprojects and implementation of permit 

conditions as required.  

(iii) Conduct water quality monitoring for the public water system and marine 

water quality compliance. 

(iv) Review environmental grievances or complaints that cannot be resolved 

through the GRM. 

276. ADB. During the project, the ADB will provide support to KAJUR and DSC as required 

during review missions and at other times as required. ADB will review and clear environmental 

assessments prepared for subprojects and safeguards monitoring reports and disclose these 

documents as per Public Communication Policy 2011. Review missions will review the 

procedures being implemented by DSC, and the contractor, and will include review of 

screening, assessment, consultations, EMP updating, bid documents, and monitoring. 

C. Monitoring and Reporting 

277. The PMU project manager will provide periodic reports on project activities, including 

environmental management audits, prepared by the ESS and KAJUR environmental manager, 

with review and input from RMIEPA. 

278. The CEMP will contain a monitoring and reporting program for each subproject, with 

review and approval by the DSC. The ESS, NSS, and contactor will be responsible for 

implementing the programs. 

279. The DSC will prepare quarterly progress reports that will summarize the CEMP 

compliance monitoring undertaken by the ESS and NSS and the contractor’s monthly reports. 

These reports will be submitted to KAJUR, RMIEPA and ADB. The DSC will also prepare 

semiannual safeguards monitoring reports and submit to KAJUR, RMIEPA, and ADB. These 

reports will be disclosed to the public. 
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280. The community will have access to the GRM (as set out in Section VIII) and the PMU 

project manager will report on the resolution of any project-related concerns or problems. Any 

construction related problems, along with corrective actions undertaken, will be reported by the 

PMU project manager to KAJUR, RMIEPA, and ADB on a quarterly basis. 

281. ADB/WB will prepare a project completion report,  which will summarize safeguards 

implementation and monitoring, and comment on project compliance. 

X. CONCLUSION  

282. The project will provide environmental benefits such as consistent service of potable 

public water, reduced public health risk from exposure to untreated sewerage, reduced odor 

nuisance, improved coastal marine water quality, increased public safety, and energy efficiency. 

Additional benefits include, improved planning, management, and sustainability of future water, 

sanitation, electrical power infrastructure, improved development planning, and increased 

tourism potential. 

283. The project also will help develop the capacity of KAJUR to manage and monitor 

environmental performance of the water, sanitation, and electrical systems. 

284. Adverse environmental impacts of the project will mainly be construction impacts, which 

are expected to be minimal and adequate mitigation measures will be implemented. Adverse 

environmental impacts associated with the project will be prevented, eliminated, or minimized to 

an acceptable level provided that the corrective actions identified in Appendix A and the EMP 

(Appendix F), updated as required during detailed design, are effectively implemented. 

A. Environmental Safeguard Assurances 

285. An EMP with a detailed environmental monitoring program and institutional strengthening 

and training program was developed as part of this IEE. The EMP stipulates appropriate 

mitigation measures that need to be implemented through the duration of the project and 

establishes mechanisms to monitor and ensure compliance with environmental regulations and 

implementation of the proposed mitigation measures. The EMP will be updated by the contactor 

into a detailed CEMP, once project options are confirmed, and detailed design completed. 

286. The main project environmental risk relates to the low institutional capacity of the KAJUR, 

including their lack of environmental management staff, and the under resourced RMIEPA to 

enforce regulations. The following measures are proposed to mitigate these risks: (i) specific 

assurances to implement the mitigation measures in the EMP; (ii) capacity building for KAJUR 

and KALGov, including staffing and training; (iii) appointment of project implementation and 

monitoring consultants/companies (DSC); (iv) clear definition of roles and responsibilities for 

EMP implementation, performance monitoring, and mechanisms for feedback and adjustment; 
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(v) defined roles of RMIEPA and KAJUR in environmental inspection and supervision; and (v) 

project reviews and monitoring by ADB. 

287. Assurances related to the environmental aspects of the project are required as follows: 

i) As the executing agency, the Office of Chief Secretary will enable KAJUR to 

construct, maintain, and operate the project facilities including those which are 

fully funded from counterpart funds in strict conformity to (i) all applicable national 

and local government environmental laws, regulations and procedures; (ii) ADB’s 
SPS; and (iii) the corrective actions set out in Appendix A and environmental 

mitigation and monitoring measures set out in the IEE and EMP for the project. 

ii) The Office of Chief Secretary through KAJUR shall ensure that (a) requirements 

for mitigation implementation are incorporated into all civil works contracts; and (b) 

environmental performance of the contractors and subprojects is reported and 

evaluated as part of quarterly project progress reports, and a project completion 

report. 

iii) The Office of Chief Secretary through KAJUR shall ensure that the corrective 

actions identified in Appendix A are implemented. 

iv) The Office of Chief Secretary through the KAJUR shall ensure that the 

capacity-building program described in the EMP is provided to the contractors 

properly and on time. 

v) The Office of Chief Secretary through KAJUR shall enable ADB's representatives 

to conduct due diligence reviews during project implementation for works under 

the project including those which are fully funded from counterpart funds, to the 

extent required to mitigate overall project impacts. 
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APPENDIX A – AUDIT OF EXISTING FACILITIES 

 

SUMMARY 

Background. The Republic of Marshall Islands (RMI) and the Kwajalein Atoll Joint Utility 
Resource (KAJUR) is participating in an Asian Development Bank (ADB) Preparatory Project 
Technical Assistance (PPTA) to provide improvements to the water supply, wastewater, and 
electrical sectors on Ebeye. As such an audit of KAJUR's existing facilities is required by ADB 
Safeguard Policy Statement 2009 (SPS). 

The PPTA, and ensuing project, will assist KAJUR to improve delivery of water supply, 
sanitation, and electrical power services on Ebeye and build the financial and technical 
sustainability of KAJUR. The PPTA and ensuing project will also prepare detailed designs and 
bidding documents and undertake the due diligence for an ensuing investment project 
comprising selected high priority water supply, sanitation, and electricity supply investments. 

Audit overview. The environmental audit of the KAJUR combined utility facilities was conducted 
in April 2014, under the PPTA 8306-RMI Ebeye Water Supply and Wastewater Project. The audit 
includes input from the PPTA specialists and KAJUR management. This report is comprised of 
the audit findings and proposed corrective action plans for the water supply, wastewater, and 
electrical systems operated by KAJUR. 

Audit Findings and Recommendations. The site audit observations and document review 
found several issues of concern in regards to ADB Environment Safeguards, and World Bank 
(WB) Environmental Health and Safety Guidelines (EHS). Most of the concerns relate to the 
chronic lack of maintenance, or periodic rehabilitation, of all the utility infrastructure systems. 

The water supply system is not providing sufficient service, in terms of delivery or quality. The 
wastewater system is causing contamination of land and near shore marine waters, and is a 
serious public health threat. The electrical system is in general good condition, but requires 
significant upgrades to maintain and improve environmental concerns, and to support the 
proposed water supply and wastewater investments. 

Audit findings and specific corrective action plans are included for the water supply, wastewater, 
and electrical sectors (Tables A3.1 to A3.3). 

A.1  INTRODUCTION 

Project and the project proponent. The RMI seeks to improve existing utility services on 
Ebeye Island, with grants from ADB and Australian government through Australian Aid in 
conjunction with using its own funds. Water supply, sanitation, and electrical services, on Ebeye, 
all require substantial improvements to deliver an acceptable level of service, and avoid 
continued impacts to the environment. 

The RMI has designated the Office of the Chief Secretary (OCS) to be the executing agency) 
and the KAJUR to be the implementing agency (IA) for project implementation (detailed design 
and construction). A Project Steering Committee (PSC) has been established to provide strategic 
direction and guidance for the PPTA and ensuing project. A Project Management Unit (PMU) has 
been established within KAJUR and is responsible for the overall implementation of the PPTA 
and ensuing project. Consultants will be recruited to assist the PMU to implement the project 
(detailed design and construction). 
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Context for the audit. For ADB projects involving facilities and/or business activities that already 
exist or are under construction, the borrower/client will undertake an environment and/or social 
compliance audit, including on-site assessment, to identify past or present concerns related to 
impacts on the environment, involuntary resettlement, and Indigenous Peoples. The objective of 
the compliance audit is to determine whether actions were in accordance with ADB’s Safeguard 
principles and requirements for borrowers/clients and to identify and plan appropriate measures 
to address outstanding compliance issues (ADB Safeguard Policy Statement, 2009, Appendix 4, 
para.12). 

This report presents the compliance audit and corrective action plan for the project, as directed by 
terms of reference for the PPTA, and builds upon the information presented in the studies 
prepared for environmental approval. This report assesses the environmental compliance and 
provides a corrective action plan for the existing utilities facilities, to be addressed under the 
proposed project in accordance with SPS Safeguard Requirements 1: Environment, and World 
Bank Group’s Environmental Health and Safety General (EHS). 

Background. The proposed project will address factors which result in the high incidence of 
waterborne disease on Ebeye, an islet within the Kwajalein Atoll. Ebeye has an area of 
approximately 80 acres (32 hectares) and a population of more than 11,408 (RMI 2011 Census), 
and is among the ten most densely populated islands in the world.  

Location. Ebeye is located at Latitude: 8⁰ 47' 33" N, Longitude: 167⁰ 44' 56" E, Ebeye islet is at 
the southern end of Kwajalein atoll, the world’s largest atoll. The atoll has a total land area of 16 
square kilometers, with about 90 islands surrounding a 1,700 square kilometer lagoon. Ebeye is 
a small low-lying coral islet comprised of a land area of 80 acres (32 hectares), with a maximum 
elevation of about 3 meters (10 feet) above mean sea level. The climate is maritime tropical with 
slight seasonal and daily variations, with temperatures averaging about 27 degrees Celsius. 
Ebeye islet has a significantly altered terrestrial environment, consisting almost entirely of built 
environment. The terrestrial and near-shore marine environments, and water quality, have been 
negatively impacted by inadequate sewerage collection and treatment, inadequate storm water 
management, and extensive sand and coral dredging on the near shore reef. 

The water system distributes water for a few hours per day to a different area of the island, on one 
day each week, and with system losses, provides an estimated 12 gallons per capita per day 
(45 liters per capita per day) far below a typical per capita demand of 40 gallons (150 liters) (the 
Pacific Water and Wastes Association (PWWA) benchmark). Water quality is acceptable, with 
recent bacteriological tests at sample households being negative, and with a high residual chlorine 
level of 0.3 to 0.4 ppm. Other water sources include the widespread use of rainwater catchments. 

The sewer system, which services approximately 75% of households, is dysfunctional, with 
dilapidated sewerage pump stations, and a wastewater treatment plant that has not been 
operational for ten years. The existing wastewater outfall pipeline is in poor condition and 
approximately 250 feet (80m) of the outfall pipe has been covered with fill placed to create 
reclaimed land out into the lagoon. As a consequence, the effluent outlet of the outfall pipeline is 
only 250-350 feet (80-110m) from the existing shoreline, at a depth of only 16 feet (5m). Water 
quality testing of lagoon coastal waters shows elevated fecal coliform counts at several sampling 
locations along the eastern coastline. 

Electrical power is supplied by diesel generation from a central power plant at the south end of 
the island. The power system was surveyed in 2010 and judged in overall good condition, with 
recent improvements to the system (USACOE Ebeye Infrastructure Survey 2010).  
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Assessment done under this PPTA project has recommended several equipment upgrades, 
improved system monitoring and safety procedures, and renewable energy components. Figure 
A1 shows the facilities. 

Figure A1 - Ebeye: KAJUR Facilities 
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Existing infrastructure consists of: 

 Salt water reverse osmosis (SWRO) water plant and reticulation; and two salt water wells 
with pumping stations supplying the water plant; 

 Wastewater collection system consisting of reticulation and four pump stations, and a 
non-functioning sewage treatment plant; 

 Electrical infrastructure consists of a central power plant; and power distribution system 
consisting of high voltage underground distribution lines, low voltage overhead lines on 
power poles, and transformers mounted on ground based concrete plinths. 

A2. METHODOLOGY 

The methodology employed for the environmental safeguards audit included the following 
activities. 

Consultation. An initial meeting was held on April 10, 2014 with KAJUR management, which 
included the PMU project manager; along with the PPTA water, wastewater, and electrical 
engineering specialists. The objective was to obtain an overview of the status of the three 
infrastructure sectors; water, wastewater, and electrical power. Subsequent meetings were held 
weekly, during the initial audit period, which was conducted over the following three weeks. 
Additional consultation on April 15 2014, with the RMIEPA Deputy Manager and Ebeye office 
staff, discussed environmental compliance issues within KAJUR utility sectors. 

Site assessment. Inspections of water, wastewater, and electrical systems were conducted, 
accompanied by KAJUR management and system operators, and PPTA engineering specialists. 
System components inspected included: 

 Salt water reverse osmosis (SWRO) water plant, and two salt water wells and pump 
stations supplying the water plant; 

 Four wastewater pump stations, and the sewage treatment plant site; 
 Electrical power plant; and various sites along the power distribution system. 

Reporting. Meeting discussions, documents review, and site inspection results, were compiled 
and reviewed against ADB Safeguards requirements, and World Bank Environment, Health and 
Safety Guidelines, and the results are presented in Section 4, the Audit Findings Tables. The 
subsequent corrective action plan was developed with KAJUR management and RMIEPA 
participation, to address identified noncompliance issues, and provide a framework for the 
management of environmental risks for the proposed project. 

A3.  AUDIT FINDINGS AND CORRECTIVE ACTION PLANS 

Tables A3.1 – A3.3 review the environmental performance of the existing KAJUR utilities, and 
compliance status with ADB Safeguards Requirements for Environment, and include Corrective 
Action Plans. The audit report and corrective action plans, will be made available to the public in 
accordance with the information disclosure requirements of the Safeguard Requirements 1–3.
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Table A3.1a - Water Supply System Audit Findings 

 

Table A3.1b - Water Supply System Corrective Action Plan 

Corrective Actions Deliverable Timeline Responsible 
agency 

Source of budget 

1. Assure proper permitting and compliance with Water 
Supply and Marine Water Quality regulations. Operator 
certification training provided by KAJUR. 

 Public Water System Permit 
 Pollution Discharge Elimination System 

Permit. 
 Water operator certification 

Prior to start of 
construction. 
Operator 
certification as 
soon as possible 

KAJUR, 
PMU/DSC, 
RMIEPA 

KAJUR, 
PMU/DSC 
Within Project 
budget 

2. Provide water system with fire-fighting water supply 
capability 

 Replace non-working hydrants with 
standpipes 

 Provide fire truck 

Prior to new 
water system 
operation 

KAJUR, 
PMU/DSC 

Within Project 
budget 

3. Brine discharge impacts are mitigated Assessment of brine discharge impacts on 
water quality and biota/habitat are conducted 

Project detailed 
design phase 

KAJUR/PMU/ 

DSC 

Project budget 

Cost-US$20,000 

 

ADB Requirements Observations and Issues Recommendations 

This section provides an assessment of the compliance status of KAJUR's environmental performance and compliance with ADB Safeguard requirements for 
environment, and WB EHS Guidelines. 

1. Compliance with national and 
local environmental laws, 
regulations, and standards 

 An RMIEPA Public Water System Permit is not in place 
 Point source discharge of brine from the RO water plant not 

permitted under the Marine Water Quality regulations. 

 Requirements for operator certification, water quality 
testing and reporting are complied with under a 
current RMIEPA permit. 

 Marshall Island Pollution Discharge Elimination 
System Permit (MIPDES) for point source discharge 
is obtained from the RMIEPA 

2. Occupational and Community 
Health and Safety 

 Water quality testing, by RMIEPA, has shown several 
non-compliances with water system regulations, and possible 
contamination 

 The current fire-fighting water system which operates from the 
saltwater flushing system is not functional, due to low pressure and 
corroded fire hydrants, posing a serious community safety concern. 

 The water plant and site are kept clean and free of clutter 

 Ensure that public water supply systems and water 
supply sources are protected against contamination 
and pollution and do not constitute a health hazard 

 The project should consider options to remedy the 
lack of fire-fighting capability, due to water system 
non-functionality. 

3. Biodiversity Conservation and 
Sustainable Natural 
Resources Management 

 No issues or impacts observed with current water plant brine 
discharge at shoreline 

 With the proposed three-fold increase in brine 
discharge volume, additional assessment should be 
conducted to determine impacts on water quality and 
biota. 

4. Pollution Prevention and 
Abatement 

 Water plant brine is considered an industrial waste, but not 
necessarily a toxic or hazardous waste. 

NA 

5. Physical Cultural Resources  No issues observed, as no resources have been identified NA 
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Table A3.2a - Wastewater System Audit Findings 

 

Table A3.2b - Wastewater System Corrective Action Plan 

Corrective Actions Deliverables Timeline Responsible 
agency 

Source of budget 

1. Assure proper permitting and compliance with Toilet 
and Wastewater Disposal and Marine Water Quality 
regulations. 

 Toilet and Wastewater Disposal System 
Permit 

 Pollution Discharge Elimination System 
Permit. 

Prior to start of 
construction. 

KAJUR, 
PMU/DSC, 
RMIEPA 

KAJUR, 
PMU/DSC 
Within Project 
budget 

2, 3. Exposure routes for contamination by untreated 
sewage are eliminated from the wastewater system 

 Rehabilitated pump stations eliminate 
worker and community exposure. 

Prior to new 
wastewater 
system 
operation 

KAJUR Within Project 
budget 

3, 4. Impacts on marine biodiversity are reduced or 
eliminated. 

 Engineering modeling of new outfall and 
diffuser is to be completed. 

Project detailed 
design phase 

KAJUR/PMU/ 
DSC 

Within Project 
budget 

  

ADB Requirements Observations and Issues Recommendations 

This section provides an assessment of the compliance status of KAJUR's environmental performance and compliance with ADB Safeguard requirements for 
environment, and WB EHS Guidelines. 
1. Compliance with national and 

local environmental laws, 
regulations, and standards 

 An RMIEPA Toilet Facilities and Sewage Disposal Permit is not in 
place. 

 Point source discharge from the sewer treatment plant outfall is not 
permitted under the Marine Water Quality regulations. 

 Requirements for operation of a sewage disposal 
system are complied with under a current RMIEPA 
permit. 

 Marshall Island Pollution Discharge Elimination 
System Permit (MIPDES) for point source 
discharge is obtained from the Authority 

2. Occupational and Community 
Health and Safety 

 Water quality testing, by RMIEPA, has shown several 
non-compliances with Marine Water Quality standards, and 
contamination with fecal coliform bacteria in several locations along 
the lagoon shoreline 

 Wastewater operators currently exposed to untreated sewage due 
to constraints posed by existing substandard pump stations, and 
lack of PPE 

 Community exposed to untreated sewage from sewer pump station 
overflows 

 Ensure that the project’s proposed new 
wastewater treatment plant (WWTP) and outfall 
provides assurance of protection against 
contamination and pollution and does not 
constitute a health hazard 

 Design the project's rehabilitated pump stations to 
eliminate worker and community exposure. 

 All wastewater workers are provided with, and are 
trained in the use of proper PPE  

3. Biodiversity Conservation and 
Sustainable Natural 
Resources Management 

 Marine benthic habitat study shows degraded reef conditions in 
vicinity of existing sewer outfall discharge. 

 Ensure that the project’s proposed new WWTP 
and outfall provides assurance of protection 
against contamination and pollution and does not 
significantly affect marine biota diversity. 
 

4. Pollution Prevention and 
Abatement 

 Current discharge of untreated sewage from the dysfunctional 
sewer treatment plant contaminates near shore waters with fecal 
bacteria 

 Ensure the project’s proposed sewage treatment 
regime will comply with regulations and prevent 
contamination and pollution. 

5. Physical Cultural Resources  No issues observed, as no resources have been identified  
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Table A3.3a - Electrical System Audit Findings 

Table A3.3b - Electrical System Corrective Action Plan 

Corrective Actions Deliverables Timeline Responsible 
agency 

Source of budget 

1. Assure the power plant facility is brought up to 
international standards for fuel / oil storage and 
waste management. 

 Fuel/oil storage and waste controls improved to 
international standards 

 Severely corroded and degraded waste oil 
storage tanks and supports taken out of service 
and replaced. 

 Adequately sized (110% capacity) and 
designed secondary containment constructed. 

 New waste effluent interceptor installed 

Master planning 
recommendations. 

KAJUR, 
RMIEPA 

KAJUR 
Outside of Project 
budget 
Total budget for 
plant fuel storage 
and handling 
improvements-$70
0,000 (PPTA 
Electrical Master 
Plan, App. A) 
 

ADB Requirements Observations and Issues Recommendations 

This section provides and assessment of the compliance status of KAJUR's environmental performance and compliance with ADB Safeguard requirements for 
environment, and WB EHS Guidelines. 
1. Compliance with national and 

local environmental laws, 
regulations, and standards 

 Inadequate maintenance of fuel / oil storage facilities at power plant 
 Severely corroded and degraded waste oil storage tanks and 

concrete foundations observed. 
 Secondary containment not adequate for diesel holding tank, and 

waste oil tanks. 
 Storm water / oil separator not functioning 

 Fuel/oil storage and waste controls improved to 
international standards 

 Severely corroded and degraded waste oil 
storage tanks and supports taken out of service 
and replaced. 

 Adequately sized (110% capacity) and designed 
secondary containment constructed. 

 New waste effluent interceptor installed 
2. Occupational and Community 

Health and Safety 
 Risks posed to plant operators from abandoned and 

decommissioned equipment and other metal junk from the plant as 
most of them appear in danger of immediate collapse and are a 
high risk factor. 

 PPTA Electrical engineer observed incorrect settings for protective 
relays, posing potential risk to workers 

 No safe ladders and handrails to access tank tops 
 

 Removal of all abandoned and decommissioned 
equipment and other metal junk from the plant. 

 Electrical protection and coordination study 
prepared, and worker training provided 

 Workers are provided with, and are trained in the 
use, of proper PPE 

 Safe ladders with handrail installed to access 
tank tops 

3. Biodiversity Conservation and 
Sustainable Natural 
Resources Management 

 No issues observed  

4. Pollution Prevention and 
Abatement 

 Prior inspections of the KAJUR plant have noted runoff of oil/fuel 
contaminated water from poorly functioning separator during heavy 
rains, into the adjacent public park area (not directly observed 
during this audit inspection) 

 Insure new waste effluent interceptor is installed 
and functioning adequately during heavy rain 
events. 

5. Physical Cultural Resources  No issues observed, as no resources have been identified  
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Corrective Actions Deliverables Timeline Responsible 
agency 

Source of budget 

2. Improved worker safety within the power plant 
facility and site 

 Removal of all abandoned and 
decommissioned equipment and other metal 
junk from the plant. 

 Electrical protection and coordination study 
prepared, and worker training provided 

 Workers are provided with, and are trained in 
the use, of proper PPE 

 Safe ladders with handrail installed to access 
tank tops 

Prior to new water 
system operation 

KAJUR Within Project 
budget 
Ladder/handrail 
installation costs 
included in Master 
Plan estimate 
above (outside of 
Project budget) 

4. Runoff of fuel/ oil contaminated storm water 
from the power plant site to adjacent public park 
area eliminated. 

 New waste effluent interceptor installed Master planning 
recommendations 

KAJUR, 
RMIEPA 
 

Included in Master 
Plan estimate 
above (outside of 
Project budget) 
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APPENDIX A – ANNEX: SITE PHOTOS 

 

Photo 1 Brine discharge from RO water plant to shoreline 

Location Across the roadway from the water plant 

 

 

Photo 2 Rusted nonworking fire hydrant 

Location South of island on east side roadway 
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Photo 3 Dilapidated, unsafe sewage pump station 

Location Pump Station No. 3 

 

 

Photo 4 Raw sewage overflow in street 

Location Midtown across from RMIEPA Office 
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Photo 5 General rundown condition of power plant / Corroded fuel storage tanks 

Location KAJUR Power Plant at south end of island 

 

 

Photo 6 Ladders and railings in unsafe condition 

Location KAJUR Power Plant at south end of island 
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Appendix B – Benthic Morphology and Marine Life Assessment 

Separate File 
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Appendix C – Marine Reef Survey of the Water Plant Brine Discharge Area 

 

Introduction. As part of the environmental assessment activities conducted for the initial 
environmental examination, the nearshore reef area in the vicinity of the reverse osmosis (RO) 
water plant in Ebeye was surveyed using snorkel and underwater camera, to characterize the 
benthic morphology and habitat.36 Three transects were swam in the vicinity of the outfall 
discharge, from shore to approximately 40m distance, as shown below in Figure C1. 

Figure C1: Survey Transects and Habitat Map 

 

 

Survey observations showed a fairly sharp transition from sand substrate, with patches of 
coralline algae (Halimida sp.), for a distance of about 10m, to increasing coral habitat, dominated 
by stony (Scleractinian) corals to distance of about 40m, at 10m depth. 

Figure C2 near-shore shows sand substrate, transition to coral habitat, and stony coral cover 
(10% cover). Figure C3 presents crest of the coral slope (50-75% cover) at 30m form transect 
and sand bottom (at 40 m) with coral cover of between 25% and 50%.  Figure C4 shows the 
brine outfall. 

 

                                                

36  Prepared by Jon Vogt, Environmental Specialist, PPTA Ebeye Water Supply and Sanitation Project, Ebeye, 
Kwajalein Atoll, Republic of Marshall Islands (09 July 2014) 
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Figure C2: Sand and Algae Habitat 

 

Figure C3: Coral Habitat 
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Figure C4: Brine outfall at Shoreline 

 

Conclusions and recommendations. Offshore of the present brine outfall, benthic habitat 
transitions from sand substrate, dominated by coralline algae (Halimida sp.) with sparse corals, 
to dominant coral habitat, of high ecological value, at a uniform distance of approximately 10m 
offshore. Coral coverage increases significantly past 10m, with maximum coverage of stony 
corals at a slope crest at 30m distance. The coral covered slope descends to a sand bottom with 
minimal biota at a distance of approximately 40m, at a depth of about 10m.  

Limited salinity testing was conducted for the Project hydrology study (Ebeye Water Supply and 
Sanitation Project, Hydrology Report, Prepared by Tony Falkland, Island Hydrology Services, 
May 2014). Testing showed rapid dilution of the highly saline brine to ambient levels, within only 
5m of the discharge point. However, the proposed RO water plant is estimated to produce three 
(3) times the volume of brine, whether this brine will be more or less concentrated then the 
present brine product is not known. 

Additional assessment and modeling of the new discharge during the design phase of the project 
is recommended. This would be especially critical if it is intended to leave the outfall discharge at 
its present location at the shoreline. If it is concluded that negative impacts to coral habitat may 
occur, a practicable alternative would be to extend the outfall pipeline to a distance greater than 
40m offshore. Construction techniques proposed for the Project sewer outfall (pre-welded HDPE 
pipe sections outfitted with concrete collar anchors, floated out and sunk in place) would have 
minimal impact on habitat. Mitigation should include coral transplantation from the outfall route. 
Deployment of sedimentation curtains would not be recommended, as there would be no 
substrate excavation, and the curtain anchors (or anchor chains) would cause considerable 
damage to fragile corals.  
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Appendix D – Climate Change Vulnerability Matrix 

 

Below are matrices for vulnerability assessment for possible climate change impacts, and 
mitigating design parameters, for the Project's existing and proposed; water, wastewater, and 
power infrastructure.  The terms used in the assessment headings are defined below: 

 Exposure is the degree of climate stress on a particular asset; such as from extreme 

weather events; their magnitude, frequency, and duration 

 Sensitivity is the degree to which the integrity or operation of the asset, or system, will be 

negatively impacted 

 Impact is determined by the level of exposure and sensitivity, which is evaluated from 

existing information and best judgment 

 

Table D1: Climate change impacts matrix for climate change threats to a system 
 Exposure of system to climate threat 
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Impact Very Low Low Medium High Very High 

Very High Medium Medium High Very High Very High 

High Low Medium Medium High Very High 

Medium Low Medium Medium High Very High 

Low Low Low Medium Medium High 

Very Low Very Low Low Low Medium High 
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Climate Change Vulnerability Assessment Matrix for Ebeye Water, Wastewater, and Power Infrastructure 

System 

Component or 

assets 

Threat Exposure Sensitivity 
Impact 

Level 
Impact Summary 

Adaptive 

Capacity 

 

Vulnerability 

 

Waste water 

treatment and 

pressure sewer 

collection system  

Storm surge and 

wave action 

Very High  Very High  Very High  Outfall pipeline damaged from surge/wave action 

Electrical control boxes for the distribution pumps will be destroyed 

by saltwater; 

Pipeline breakage due to undermining of foundations, pump 

station and treatment plant machinery will be destroyed, by 

saltwater flooding; 

Loss of electrical power, resulting in sewage overflows; 

Flooding of manholes and pump stations, overwhelming the 

system, resulting in overflows (exacerbated by non-functioning 

storm water system) 

Medium Very High  

  

High intensity 

rainfall 

Low Medium Medium Potential for manholes to flood, leading to an increase in volume of 

water that needs to be treated, and causing overflows 

(exacerbated by non-functioning storm water system) 

Pump station wells flooded exceeding pump capacity, and causing 

overflows 

High  Medium 

  

Sea level rise Medium High  Medium Nearshore erosion will be exacerbated, affecting existing sewer 

outfall 

Ocean inundation will lead to infiltration of saltwater, leading to an 

increase in volume of water that needs to be treated, and 

overflows 

Rise in water table will exert damaging hydrostatic pressure on 

pipelines 

Treatment plant site may be inundated 

Low Medium 
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System 

Component or 

assets 

Threat Exposure Sensitivity 
Impact 

Level 
Impact Summary 

Adaptive 

Capacity 

 

Vulnerability 

 

  Typhoon (storm 

surge, intense 

rainfall, high wind) 

Very High Very High  Very High Potential destruction of the pumping and piping system, including 

proposed sewer outfall pipe 

Loss of electrical power, resulting in sewage overflows 

Structural damage to buildings 

Flooding of manholes and pump stations, overwhelming system, 

resulting in overflows (exacerbated by non-functioning storm water 

system) 

Low Very High 

  Extreme drought Low Low Low No significant impact High Low 

  Increased 

temperature (air 

and sea) 

Very Low Very Low Very Low No significant impact Very High Very Low 

Water distribution 

system  

Storm surge and 

wave action 

Very High  High  Very High  Erosion undermining pipeline alignment and foundations of 

structures resulting in breaks and structural instability. 

Loss of electrical power, resulting in loss of water service, and 

possible contamination from pressure loss 

Medium Very High  

  High intensity 

rainfall  

Low Medium Medium Erosion undermining pipeline alignment and foundation of 

structures such as elevated reservoirs. 

High  Medium 

  Sea level rise Medium High  Medium Contamination from sewerage/contaminated groundwater from 

raised water table level 

Treatment plant site may be inundated 

Wells may be inundated with contaminated water entering system. 

Low Medium 

  

Typhoon (storm 

surge, intense 

rainfall, high wind) 

Very High Very high Very High 

Erosion undermining pipeline alignment resulting in breaks 

Loss of electrical power, resulting in loss of water service, and 

possible contamination from pressure loss 

Structural damage to buildings and elevated reservoirs. 

Medium Very High 
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System 

Component or 

assets 

Threat Exposure Sensitivity 
Impact 

Level 
Impact Summary 

Adaptive 

Capacity 

 

Vulnerability 

 

  Extreme drought Low Low Low Decreased rain catchment increases system demands Medium Medium 

  Increased 

temperature (air 

and sea) 

Very Low Very Low Very Low No significant impact Very High Very Low 

Electrical power 

system 

Storm surge and 

wave action 

High Medium High Fuel storage tank berms are overtopped 

Pad-mounted transformers and switchboxes are inundated 

Proposed solar to grid installations inundated and damaged. 

High High 

 High intensity 

rainfall  

Low Low Medium Erosion affects underground powerline conduits 

Pad-mounted transformers and switchboxes are inundated 

Very high Medium 

 Sea level rise High High High Erosion affects underground powerline conduits 

Pad-mounted transformers and switchboxes are inundated 

Proposed solar to grid installations inundated and damaged. 

High High 

 Typhoon (storm 

surge, intense 

rainfall, high wind) 

High Medium High Fuel storage tank berms are overtopped 

Erosion affects underground powerline conduits 

Pad-mounted transformers and switchboxes are inundated 

Structural damage to buildings 

Electric poles and overhead wires damaged. 

Future wind turbine installations damaged structurally. 

Medium High 

 Extreme drought Low Low Low No significant impact Very high Medium 

 

Increased 

temperature (air 

and sea) 

Low Low Low No significant impact Very high Low 
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Climate Change Mitigation Matrix for Ebeye Water, Wastewater, and Power Infrastructure 

System 

Component or 

assets 

Threat Impact Summary Mitigating Design Parameters 

Waste water 

treatment and 

pressure sewer 

collection system  

Storm surge and 

wave action 

Proposed outfall pipeline could be damaged from surge/wave action 

Electrical control boxes for the distribution pumps will be destroyed by 

saltwater 

Pipeline breakage due to undermining of foundations, pump station and 

treatment plant machinery will be destroyed, by saltwater flooding 

Loss of electrical power, resulting in sewage overflows 

Flooding of manholes and pump stations, overwhelming system, resulting in 

overflows (exacerbated by non-functioning storm water system) 

Armor lagoon sewer outfall pipe through shallow areas 

Weather-proof electrical controls for pumps and treatment plant machinery 

Reinforce pipeline foundations, construct berms around vulnerable pump 

stations and treatment plant machinery 

Provide for backup electrical supply to avoid sewage overflows 

Seal manholes and pump wells, improve storm water drainage system 

  High intensity 

rainfall 

Potential for manholes to flood with freshwater, leading to an increase in 

volume of water that needs to be treated, and overflows 

Pump station wells flooded exceeding pump capacity and causing overflows 

Seal manholes to prevent floodwater intrusion 

Seal pump station wells 

  Sea level rise Nearshore erosion will be exacerbated, affecting existing sewer outfall.   

Ocean inundation will lead to infiltration of saltwater, leading to an increase in 

volume of water that needs to be treated, and overflows 

Treatment plant site may be inundated 

Reconstruct, extend, and armor lagoon outfall pipe or relocate to ocean side, 

with appropriate construction methods, reducing impacts to reef habitat. 

Seal manholes to prevent floodwater intrusion, seal pump station wells 

Construct vulnerable components at suitable elevations 

  Typhoon (storm 

surge, intense 

rainfall, high wind) 

Potential destruction of the pumping and piping system, including existing 

sewer outfall pipe 

Loss of electrical power, resulting in overflows 

Structural damage to buildings 

Flooding of manholes and pump stations, overwhelming system, resulting in 

overflows (exacerbated by non-functioning storm water system) 

Reinforce pipeline foundations, construct berms around vulnerable pump 

stations and treatment plant machinery 

Provide for backup electrical supply to avoid sewage overflows 

Assure structures meet typhoon wind strength rating 

Seal manholes and pump wells, improve storm water drainage system 

  Extreme drought No significant impact  
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System 

Component or 

assets 

Threat Impact Summary Mitigating Design Parameters 

  Increased 

temperature (air 

and sea) 

No significant impact  

Water distribution 

system  

Storm surge and 

wave action 

Erosion undermining pipeline alignment resulting in breaks 

Loss of electrical power, resulting in loss of water service, and possible 

contamination from pressure loss 

Armor vulnerable pipeline alignments 

Provide for backup electrical supply 

  High intensity 

rainfall  

Erosion undermining pipeline alignment Armor vulnerable pipeline alignments 

  Sea level rise Contamination from sewerage from raised water table level 

Treatment plant site may be inundated 

Assure adequate separation of water and sewer pipeline alignments 

Raise or construct berms around plant facilities 

  Typhoon (storm 

surge, intense 

rainfall, high wind) 

Erosion undermining pipeline alignment resulting in breaks 

Loss of electrical power, resulting in loss of water service, and possible 

contamination from pressure loss 

Structural damage to buildings 

Armor vulnerable pipeline alignments 

Provide for backup electrical supply 

Assure structures meet typhoon wind strength rating 

  Extreme drought Decreased rain catchment increases system demands Increase rain catchment capacity for residences.  Renovate municipal 

catchment at south end of island 

  Increased 

temperature (air 

and sea) 

No significant impact  

Electrical power 

system 

Storm surge and 

wave action 

Fuel storage tank berms are overtopped 

Pad-mounted transformers and switchboxes are inundated 

Increase berm height around fuel tanks 

Construct protective berms, or elevate 

 High intensity 

rainfall  

Erosion affects underground powerline conduits 

Pad-mounted transformers and switchboxes are inundated 

Armor conduit alignments and seal handholds 

Construct protective berms, or elevate 
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System 

Component or 

assets 

Threat Impact Summary Mitigating Design Parameters 

 Sea level rise Erosion affects underground powerline conduits 

Pad-mounted transformers and switchboxes are inundated 

Armor conduit alignments and seal handholds 

Construct protective berms, or elevate 

 Typhoon (storm 

surge, intense 

rainfall, high wind) 

Fuel storage tank berms are overtopped 

Erosion affects underground powerline conduits 

Pad-mounted transformers and switchboxes are inundated 

Structural damage to buildings 

Increase berm height around fuel tanks 

Armor conduit alignments and seal handholds 

Construct protective berms, or elevate 

Assure structures meet typhoon wind strength rating 

 Extreme drought No significant impact  

 Increased 

temperature (air 

and sea) 

No significant impact  
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Appendix E – Water Quality Test Data 

Separate File 
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Appendix F – Environmental Management and Monitoring Plan 

Environmental 
Issue/Project activity 

Mitigation and/or Enhancement Measures Monitoring Plan 

Measures and Actions 
Responsible 
to Implement 

Timing to 
Implement 

Cost 
Parameter to 

monitor 
Frequency & 
Verification 

Responsible 
to Monitor 

Cost 

A. DESIGN / PRE-CONSTRUCTION 

A.0 Covenants and Regulatory Requirements 

Project disclosure 1. Submit ADB-approved IEE to RMIEPA for 

approval as per the NEPA. 

2. Obtain leases, easements, and development 

consent for all subproject infrastructure works 

3. PMU will pass the EMP to the DSC for 

incorporating mitigation measures into the 

detailed designs. The EMP will be updated 

during detailed design and integrated in to 

contracts. 

4. The PMU (KAJUR) and DSC will prepare 

specification clauses for incorporation into the 

bidding procedures: (i) a list of environmental 

management requirements to be budgeted by 

the bidders in their proposals; (ii) environmental 

clauses for contractual terms and conditions, 

and (iii) the full IEE report for compliance.  

5. Implement plan for Grievance Redress 

Mechanism as described in the IEE  

1 to 2: KAJUR 

3:KAJUR/ 

DSC 

4:KAJUR/ 

DSC 

5.KAJUR/ 

DSC 

1 and 2 

Immediate

3, 4, 5: 

During 

tender 

preparation 

 

1.Application 

fee $100. 

2. TBD 

3, 4, 5. Cost 

included in 

PMU budget  

 

Environmental 

approval for the 

Project obtained 

from RMIEPA 

Leases, 

easements, 

consent 

obtained from 

landowners and 

KALGov 

Complete check 

of items 1 to 5. 

1 to 4. Prior to 

signing of 

EPC contract 

and start of 

site works. 

5. GRM, 

monthly 

reports 

PMU / DSC Costs of 

monitoring 

and impl. of 

1 to 5  

included in 

PMU/DSC 

Contract  

Environmental 

capacity development 

1. ESS/NSS to train KAJUR and contractor in 

implementation of EMP as well as general 

training in ADB safeguards requirements to build 

capacity of environmental management. 

Workshops and on-the-job training to be used. 

2. Conduct contractor personnel orientation on 

EMP provisions. 

1: KAJUR 

2: DSC 

3: contractor 

Initiate during 

procuremen

t period and 

continue 

throughout 

project 

construction 

1: ESS and 

NSS cost 

included DSC 

contract 

2:Included in 

EPC contract 

1.ADB loan 

covenants 

2.DSC 

progress 

reports 

3.Tender 

dox. and 

reporting  

Prior to start of 

site works 

and 

throughout 

construction 

PMU / DSC KAJUR 

budget for 

env. 

manager  

(EM) 

Estimate = 

$80,000/yr  

per specialist 

Construction permits 1.RMIEPA permits obtained for earthmoving, 

point discharge in marine waters 

2. Historic Preservation Office approval 

obtained 

Contractor Before start 

of 

construction 

Cost included 

in contract 

Contractor 

documents 

Initial review 

before start of 

construction 

PMU (EM) EM as above 

Cost of 

additional 

permit 

preparation at 

$5, 000 
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to Monitor 
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EMP Implementation 1. EMP is included in EPC tender documents 

to ensure that mitigation measures are 

budgeted  

2. Contractor will hire qualified staff  to 

oversee implementation of environmental and  

safety (H&S) measures specified in the EMP 

3. Contractor to submit CEMP, addressing 

environmental management and monitoring 

for all construction activities, for approval by 

PMU/DSC 

 

1: PMU/DSC 

2: Contractor 

3: Contractor 

1: Bid 

preparation 

2: Prior to 

start of 

construction 

 

1. Cost included 

as part of EM role  

Incl. in bid cost 

2: EM $80,000/yr 

H&S man. 

$80,000/yr 

3: CEMP 

preparation cost 

- US$10,000. 

$5,000/mth to 

implement. 

1: Inclusion 

in bid 

documents. 

2, 3: 

Contractor 

compliance, 

including 

reporting 

1: During bid 

preparation 

2, 3: Before 

start of 

construction 

PMU / DSC 

(ESS/NSS) 

1: EM as 

above 

 

A.1 Physical Impacts 

Sea water inundation 

results in failure of 

water, wastewater, and 

electrical infrastructure 

1. Consideration of storm surge, sea level rise, 

and proximity of infrastructure to shoreline, 

incorporated into design criteria. 

2. Additional climate change adaptation 

measures considered and incorporated into 

design 

PMU/DSC 

DSC 

integrating 

criteria into the 

design 

Tender 

document 

preparation 

Included in 

PM/design 

costs through 

technical 

positions 

1.Project design 

specifications in 

bid documents 

2.Contractor's 

detailed design 

Initial review 

prior to start of 

construction.  

PMU / DSC 

(ESS) 

EM as above. 

ESS-DSC 

staff 

A. 2 Ecological Impacts 

Terrestrial Ecology 

Erosion and 

sedimentation from 

disturbed soils impacts 

local surroundings 

(minimal as most of 

terrestrial ecology has 

already been replaced 

by a built environment) 

During design and construction planning 

phases consider how best to avoid and/or 

minimize the requirement for disturbance of 

surface soils and any local vegetation. 

PMU/DSC and 

Contractor 

Bid 

preparation 

and detailed 

design 

Included in bid 

cost and 

contract via 

personnel 

costs 

Bid 

documents 

and detailed 

design. 

Initial review 

prior to signing 

of contract 

PMU / DSC Cost 

included in 

budget for 

design 

personnel 

Marine Ecology 

Sewer outfall pipeline 

construction impacts 

marine biota and 

ecology 

1. Detailed design of the sewer outfall 

pipeline route will follow the alignment 

identified by the survey team to minimize 

impacts to the lagoon marine ecology. 

2. Transplantation of small coral colonies 

within the pipeline alignment will be moved 

to suitable locations, outside areas of 

construction works. 

PMU/DSC and 

contractor 

Bid 

preparation 

and detailed 

design 

Coral 

transplanting 

completed 

prior to start of 

construction 

1.Incl. in bid 

cost and 

contract via 

personnel 

costs 

2.$4,000 (with 

assistance 

from 

Kwajalein dive 

Bid 

documents 

and EPC 

detailed 

design. 

Additional 

marine 

benthic 

survey, post 

Initial review 

prior to signing 

of contract 

PMU / DSC Cost 

included in 

budget via 

personnel 

costs 
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Parameter to 

monitor 
Frequency & 
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Responsible 
to Monitor 

Cost 

club) construction. 

A. 3 Socio-economic Impacts 

Land acquisition / 

Resettlement 

Residents and land 

owners unfairly 

compensated for 

acquisitions and 

resettlement impacts. 

1. Leases and easements obtained by KAJUR 

for all utility corridors and facilities 

2. Households whose property is affected in 

order to provide access for installation of new 

water and sewer lines agree in advance of any 

works, and are compensated in kind by renewing 

or replacing any damaged assets at a standard 

at least as high, and preferably higher, than the 

assets’ condition before the project. 

1, 2: KAJUR 

and EPC 

contractor 

EPC 

detailed 

design 

stage 

1, 2: Cost of 

land 

acquired to 

be 

determined, 

borne by 

KAJUR 

Cost included 

in contract 

1, 2.Project 

design 

specifications 

in bid 

documents and 

EPC 

contractor's 

detailed civil 

design 

Initial review 

prior to start of 

construction.  

KAJUR / 

DSC (ESS) 

NA 

 

B. CONSTRUCTION STAGE 

B.1 Physical Impacts 

Air quality impacts 

Increased emissions 

from construction 

vehicles impacts air 

quality. 

Construction vehicles, equipment, and 

generators will be service regularly to reduce 

emissions. 

EPC 

contractor 

Duration of 

construction 

Cost incl. in 

contract .  

Daily site 

management  

Check 

contractor's 

service records 

Monthly  PMU (EM) / 

DSC (ESS) 

PMU costs  

Air quality 

sampling/ 

monitoring 

($15,000) 

Water quality impacts 

from earthworks 

Sedimentation from 

trenching/filling on reef 

impacts marine biota. 

Runoff from disturbed 

surface soils impacts 

marine waters. 

1. Use of sediment retention fencing, berms, and 

sandbags around excavations to restrict the 

release of sediment from the construction site 

2. Immediately re-vegetate and/or stabilize 

exposed surfaces and stockpiles of excavated 

materials 

3. Use of siltation curtains to contain the site area 

around trenching works on the near shore reef to 

prevent the release of sediment onto the 

surrounding reef area 

4. Monitor water quality for near shore waters 

adjacent to land base earthworks and for waters 

adjacent to reef trenching works 

5. Spoils used as fill or transported to north 

dumpsite for waste cover 

Contractor Duration of 

construction 

1: minimal 

cost for 

materials 

2: turf estab. 

-$3/m2 

3: siltation 

curtains 

$50/1m length 

(2m depth) 

Inspect 

implementation 

of all measures 

Daily inspection 

of sediment 

containment 

measures. 

Weekly water 

quality 

monitoring 

PMU (EM) / 

RMIEPA 

Ebeye 

Office  

Included in 

personnel 

costs for 

environmental 

manager and 

RMIEPA staff. 

Water quality 

monitoring 

costs 

(Wkly/Mthly 

samples dep. 

on 

construction 

phase) 

$40,000 

Waste storage and 

disposal 

1. Contactor will prepare a Waste Management 

Plan (WMP) as part of the CEMP to cover waste 

disposal procedures, and spill cleanup plan 

1: Contractor 

will include the 

WMP in the 

1: Prior to 

start of 

construction 

1: WMP 

preparation-

$2000 

Inspect 

implementation 

of 1-4 

1: Prior to start of 

construction 

2-5: Inspect 

PMU 

(EM)/DSC 

(ESS) 

EM costs 
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Measures and Actions 
Responsible 
to Implement 

Timing to 
Implement 

Cost 
Parameter to 

monitor 
Frequency & 
Verification 

Responsible 
to Monitor 

Cost 

2. Multi-compartment collection bins will be 

provided by the Contractor for waste segregation 

and subsequent reuse and recycling 

3. Burning of construction waste will be 

prohibited 

4. Solid waste will be collected from the work 

sites on regular basis and disposed at the north 

dumpsite, under the direction of KALGov. 

5. Asbestos concrete pipe disposal will be 

supervised by a competent person, trained in 

asbestos abatement. Sections will be wrapped, 

and marked with the cautionary statement 

“Danger Asbestos-Containing Material. The pipe 

sections will be buried at an authorized location. 

CEMP; to be 

approved by 

PMU/DSC, prior 

to start of 

construction 

2-4: 

$1000/mont

h 

5: asbestos 

abatement to 

be costed 

separately 

(dependent on 

quantity 

necessary for 

handling and 

disposal) allow 

provisional 

sum $20,000 

Inspect 5- 

asbestos 

abatement 

measures 

compliance 

weekly 

Hazardous waste 

handling and disposal 

Improper use and 

storage of hazardous 

materials results in spills 

and contamination of 

land and waters. 

1. Hydrocarbons and toxic material will be stored 

in adequately protected sites consistent with 

international best practices to prevent soil and 

water contamination.  

2. All areas intended for storage of hazardous 

materials will be quarantined and provided with 

adequate facilities to combat emergency 

situations.  

3. Segregate hazardous wastes (oily wastes, 

used batteries, fuel drums) and ensure that 

storage, transport and disposal shall not cause 

pollution and shall be undertaken consistent with 

international best practice.  

4. Ensure all storage containers are in good 

condition with proper labelling.  

5. Regularly check containers for leakage and 

undertake necessary repair or replacement.  

6. Store hazardous materials above possible 

flood level  

7. Discharge of oil contaminated water shall be 

prohibited.  

8. Used oil and other toxic and hazardous 

materials shall be disposed of off-site at a facility 

authorized by permit, or safely transported off 

Contractor Duration of 

construction 

Cost to be built 

into tender 

price. Allow 

provisional 

sum $50,000. 

Inspect 

implementation 

of 1-9 

Weekly PMU 

(EM)/DSC 

(ESS) 

Cost included 

in WMP above 
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Implement 
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monitor 
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Responsible 
to Monitor 

Cost 

island to an authorized facility.  

9. Ensure availability of spill clean-up materials 

(e.g., absorbent pads, etc.) specifically designed 

for petroleum products and other hazardous 

substances where such materials are being 

stored.  

B.2 Ecological Impacts 

Terrestrial ecology 

impacts 

Minimal impacts 

expected to previously 

disturbed habitat. 

1. Prohibition of burning vegetation and residual 

bushes and grasses when clearing planting 

sites,  

2. Only cutting flora which are a direct obstacle to 

Project infrastructure works. 

3. All vessels carrying equipment and materials 

for the Project will be subject to inspection by 

agriculture quarantine inspectors 

EPC 

contractor 

Duration of 

construction 

Cost included 

in contract 

Inspect 

implementation 

of all measures 

Monthly  PMU (EM) / 

DSC (ESS) 

Coordination 

with 

Department 

of Agriculture 

Included in 

contract cost 

Marine ecology 

impacts 

Sewer outfall pipeline 

construction impacts 

marine biota and 

ecology 

1. Pipeline placement will strictly follow the 

alignment recommended in the marine survey 

2. Commercial grade siltation curtains, floats and 

anchor line, will be deployed in the location 

specified above Figure 16 of IEE. Curtains to 

be fully installed prior to any trenching works 

3. All work in the intertidal area, including 

land-based work close to the high water line, 

must take place from 2 hours before to 2 hours 

after low tide 

EPC 

contractor 

Duration of 

construction 

Cost included 

in contract and 

indicated 

above 

Inspect 

implementation 

of all measures 

Daily inspection 

of sediment 

containment 

measures. 

Weekly water 

quality 

monitoring 

PMU (EM) / 

RMIEPA 

Ebeye Office  

As shown in 

physical 

impacts/water 

quality costs, 

above 

B.3. Socio-economic Impacts 

Construction camps, 

offices, laydown areas 

impacts 

1. Laydown areas are established within KAJUR 

facilities 

2. Workforce accommodations and office 

facilities utilize the hotel or rental properties 

3. Any camps established are through the 

approval of KALGov, traditional leadership, 

and landowners 

4. Camps are provided with sufficient potable 

water, shower and toilet facilities (designated 

male and female) 

5. The use of local labor to the greatest extent 

1-6: contractor; 

to be approved 

by PMU/DSC 

1-5: Prior to 

start of 

construction 

6: post 

construction 

Cost included 

in contract 

1-5:Inspect all 

facilities  

6: assure proper 

restoration post 

construction 

1: Prior to start of 

construction 

1-5: Inspect 

facilities monthly 

PMU 

(EM)/DSC 

(ESS) 

1-6: Included 

in contract 
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Responsible 
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possible  

6. All sites utilized for contractor facilities are 

restored to the landowner’s satisfaction at end 
of project. Site cleanup will be inspected and 

approved by KAJUR’s environmental 
manager. 

Worker health and 

safety 

1. Contractor prepared Health and Safety Plan, 

including an Activity Hazard Analysis, 

approved by PMU environmental manager 

and the DSC 

2. Contractor appoints a competent person as 

safety manager, supervising all health and 

safety matters 

3. Contractor safety manager conducts initial 

worker training and review of AHA. Weekly 

safety meetings are conducted through the 

duration of project 

4. All workers provided with appropriate PPE, as 

issued by the H&S manager. The H&S  

manager trains workers in proper use of PPE  

1-4: EPC 

contractor, to 

be approved 

by PMU/DSC 

1, 2: prior to 

start of 

construction 

3, 4: duration 

of const. 

Cost included 

in contract - 

Preparation of 

HSP-$5,000 

 

H&S Manager 

costs 

approximately 

$80,000-$100,

000 

3, 4: inspect 

implementation 

1, 2: prior to start 

of construction 

3, 4: weekly 

safety meetings 

PMU (EM)/ 

DSC (ESS, 

SSS,NSS) 

Included in 

personnel 

costs 

Community safety 

Construction traffic 

creates safety 

concerns. 

1. Contractor traffic safety plan, included in the 

HSP, and approved by KAJUR and KALGov. 

2. Full time traffic control personnel at all work 

sites 

3. Restricted and controlled work site access 

Contractor, to 

be approved 

by KAJUR and 

KALGov 

Duration of 

construction 

1: cost 

included in 

HSP 

preparation, 

above 

2, 3: included 

in contract 

2,3: inspect 

implementation 

2,3: daily 

inspection 

PMU (EM) Included in 

personnel 

costs 

Noise impacts 

Construction 

vehicles/equipment 

create nuisance noise 

impacts to the 

community.  

1. Construction vehicles and equipment comply 

with international standards for noise 

emissions 

2. Vehicles and equipment are maintained in 

good working order 

3. Construction noise barriers are erected where 

necessary 

4. Construction works should be restricted 

outside the hours 07:00 and 18:00, or as 

agreed based on consultation with the 

community, KALGov, and RMIEPA 

Contractor Duration of 

construction 

Cost included 

in contract –  

Need to 

include noise 

monitors; 

regular 

maintenance.  

Monitoring 

included in 

safety 

personnel 

1-5: inspect 

implementation 

1-5: daily 

inspection 

PMU(EM) 1-5: included 

in contract 
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Responsible 
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5. The contractor safety manager will monitor 

noise levels at all work sites and document any 

complaints from residents, then take remedial 

action 

costs. 

Fugitive dust impacts 

Air quality impacted 

from dust levels. 

1. Roads used by contractor, and work sites, 

regularly cleaned of dust and sand. 

2. Trucks hauling cut/fill materials are covered 

with tarps 

Contractor Duration of 

construction 

Cost included 

in contract - 

1,2: included 

in EPC 

contract 

1,2: inspect 

implementation 

1,2: daily 

inspection 

PMU(EM) Included in 

personnel 

costs 

C.OPERATION IMPACTS 

C.1 Physical Impacts 

Marine water quality 

impacts 

Inadequate sewage 

dispersion and dilution 

impacts water quality. 

1. Further analysis of water current movements at 

sewer outfall discharge site 

2. Hydraulic modeling of proposed sewer outfall 

diffuser design. 

DSC Prior to 

finalization 

of detailed 

design 

Cost included 

in DSC 

contract and 

estimated at 

$75,000 

As specified in 

WMQ 

Regulations 

As specified in 

WMQ 

Regulations 

RMIEPA RMIEPA 

budget 

C.2 Ecological Impacts 

Marine biota impacts- 

Sensitive coral and 

seagrass habitat 

impacted by poor water 

quality. 

1. periodic water quality monitoring 

2. marine benthic survey to determine if impacts 

from effluent discharge require additional 

mitigation 

PMU (EM), 

DSC (ESS), 

RMIEPA 

1: ongoing 

with STP 

operation 

2: one year 

after 

operations 

start up 

Cost included 

in PMU, DSC 

contract, and 

RMIEPA 

budget 

1: compliance 

with EPA WQ 

standards 

2: changes in 

benthic habitat 

and diversity 

1: monthly 

monitoring  

2: one year 

after operations 

start up 

PMU (EM), 

DSC (ESS), 

RMIEPA 

1: $15,000 

annual cost 

(supplement 

to RMIEPA) 

budget 

2: $20,000 

per survey 

C.3 Socio-economic Impacts 

Impacts from disposal 

of sewage waste- 

Improper disposal and 

containment of sewage 

screenings impacts 

public health and 

marine water quality. 

1. Development of solid waste management plan 

by KALGov, with assistance from 

KAJUR/PMU, DSC, JICA. The plan will include 

engineered designs for waste containment, 

including sewage waste. Procedures for proper 

handling and disposal of all wastes to be 

received by the facility are included in the plan. 

2. The management plan will include a worker 

health and safety plan, with specific 

procedures for all workers handling sewage 

waste (including KAJUR and KALGov 

1,2,6,7: 

KALGov, 

KAJUR/PMUD

SC (Gov of 

Japan with 

ongoing 

assistance) 

3-5: KALGov 

 

Prior to 

STP 

operation 

1, 2,6, 7: 

SWMP 

preparation 

RMIEPA 

permit 

application-

$20,000 

3-5 

3-5 KALGov 

budget 

1.EPC costs 

Water 

quality-fecal 

coliform counts 

in near shore 

waters 

Monthly after 

start-up of STP 

operations 

PMU (EM), 

DSC (ESS), 

RMIEPA 

Cost covered 

in marine 

biota impacts 

above. 
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employees).  

3. PPE for waste handling issued to workers. 

4. Worker inoculations against tetanus and polio 

are kept up to date. Hepatitis A and B 

immunization should be offered on the basis of 

a risk assessment.  

5. Access to the facility is restricted to KALGov 

employees 

6. Obtain RMIEPA Solid Waste Regulations 

permit, and compliance with regulations 

7. Adequate funding is provided to complete 

management plan development and facility 

modifications 

will be 

dependent on  

treatment 

option chosen 

by the Project 
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1 Summary 
 

This report presents the findings and recommendations from a marine survey carried out by the 

University of Hawaii Sea Grant College Program and the College of the Marshall Islands Marine 

Science Program on April 5-7, 2014 at the existing and proposed sewer outfalls on Ebeye Island in 

Kwajalein lagoon. Its purpose is to inform the siting of the proposed new sewer outfall and 

wastewater line for the area. The proponent for the project is Kwajalein Atoll Joint Utilities 

Resources Inc. 

The report may also be useful for the RMI earthmoving and environmental assessment permitting 

process, and provides a baseline reference for future monitoring or research. More directly, it allows 

landowners and Government to understand the environmental value of the coral reefs along part of 

the Ebeye lagoon side shoreline. The scope of the lagoon side investigation follows the Ebeye 

Water Supply and Sanitation Project terms of reference provided on December 13, 2013. 

The Ebeye Water Supply and Sanitation will involve the installation of a new sewer outfall and 

wastewater line. In consideration for siting on the lagoon side there are several possible locations. 

One is the current location along the concrete blocks holding the existing wastewater line in place. 

Others include directly adjacent to the existing line, or some distance on either side. 

The most obvious direct local benefit of the reef ecosystem is the shoreline that exists today. Shores 

along Kwajalein Atoll have been selectively weathered and eroded into sand and coral 

bedrock/beachrock over time. The Ebeye Island lagoon shoreline is in a state of dynamic 

equilibrium. Great care needs to be taken in any shoreline modification effort because the effects of 

impacts are not easily predicted and are usually impossible to reverse. The structural integrity of the 

reef and reef flat protects against the daily swells and waves, and the occasional storm surge. It does 

this by dissipating wave energy. 

Few people purposely damage our reefs. Most issues arise from our assumption that reefs can 

handle our excesses. By far the two greatest threats to reef health today are global; coral bleaching 

and ocean acidification stemming from increased carbon dioxide levels in the atmosphere. Beyond 

the physical impact of sedimentation in run-off is the nutrient nature of the material. Ground coral 

rock contains phosphates and nitrates that act as liquid fertilizer in the marine environment. While 

nutrients entering the marine environment is normal, the excessive rates at which they enter from 

excavated shorelines, sewage and grey water, and agricultural areas in particular is causing 

eutrophication. Coral reefs are gradually being replaced by algae. 

The method used for this assessment is in situ observation of the substrate and water column to 

gather information about reef morphology and marine life in the vicinity of the proposed works at 

the existing and proposed wastewater line. Techniques employed include intertidal walks and 

swims along the reef flat and shallow subtidal, as well as spot checks on the reef edge and deeper 

slope. Data is interpreted in the context of the importance of marine biodiversity and the complexity 

of relationships among reef inhabitants. 

*The full text and images of the following recommendations is in section 5. 

This benthic morphology and marine life assessment is primarily an inventory with interpretation 

based on a formal method of collecting and analysing data. It does not, however, have a table matrix 

of impacts with their effects rated in terms of magnitude and direction. It instead highlights 

important issues and places them in the context of shoreline modification and coral reef health. The 

marine survey of the existing and proposed wastewater line on Ebeye is encouraging in terms of 

shallow subtidal coral quality, yet disturbing for overall reef health in terms of sedimentation, 

macroalgae cover, and available substrate for coral recruitment. The dominant wind and current 

direction is towards the southwest so impacts tend to be more significant in that direction. 
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The report raises several ecological concerns: 

1. Non-coral invertebrates are largely absent from the reef, especially giant clams. The 

scope of this survey does not include a formal investigation into historical uses of the 

reef that may have negatively impacted the variety and abundance of invertebrates 

harvested in the past. 

2. Large (>20cm) and medium (10-20cm) fish are also largely absent from the reef. The 

‘snapshot’ nature of the fish survey does not necessarily encompass enough information 
to conclusively state that fishing pressure has resulted in this situation. 

3. Coral cover varies from 5-50% across the survey sites. The high average is largely due 

to the very good coral in proximity to the middle part of the existing wastewater line. 

The area of primary concern for protection however, is the shallow rise in the reef 

along the proposed wastewater route, where live corals are situated within a field of 

unconsolidated coral rubble. The deeper bommies have already shifted to macroalgal 

dominance, with low coral biodiversity. 

4. Upwards of 25% of the sandy substrate beyond the outfall is covered with 

cyanobacteria algae and fine silty sediment 2-3mm thick. This is a significant amount, 

and is largely responsible for the supply of nutrients and silt to the deeper bommies. 

From that perspective, the recommendations below offer opportunities for mitigation and protection. 

They also identify where the scope of work can be improved for application on similar projects, or 

for continued monitoring efforts in Kwajalein lagoon. There are five (5) recommendations: 

1.1.1 Recommendations Related to the Proponent (Developer Actions) 

1. Siting: For locating the ocean outfall into the lagoon side, it should be sited as shown in 

figures 5.1a & 5.1b based on the benthic morphology and marine life identified through this 

survey. A depth profile along the route is shown in figure 5.2. Note: Four video transects 

along this route, from shore to site 2 have been submitted to GHD at the time the survey 

was conducted. They should be viewed in association with this report and are referenced on 

the field sketch in figure 5.3. 

2. Notification: This report can serve to inform the environmental assessment sections of the 

Preliminary Proposal and Environmental Management Plan required by the RMI EPA. 

3. Coral Relocation: Any small coral colonies that can easily be dislodged in and around the 

outfall route in the shallow subtidal should be picked up by hand and relocated to the same 

depth either to the north or south. This is particularly important in the area of site 8, and can 

be done using local diving expertise from Ebeye or Majuro. 

4. Materials: Sediment curtains floated at the surface and weighted at the bottom need to be 

placed during any any excavation, dredging, or backfilling works on the reef flat and 

shallow subtidal, as indicated by the red lines in figure 5.1a. This will mitigate the risk that 

corals in proximity will be negatively affected. To maximize the protection offered, every 

effort needs to be put to reduce the space between the floats and the top of the mesh 

material.  

5. Timing: All work in the intertidal including land-based work close to the high water line 

must take place from 2 hours before to 2 hours after low tide. This minimizes the potential 

for a sediment plume to disperse and settle across coral colonies in proximity to any 

dredging or shoreline modification that may be required (e.g. near landing of wastewater 

line east of site 12). 
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2 Introduction 

2.1 Scope 

This report presents the findings and recommendations from a marine survey carried out by the 

University of Hawaii Sea Grant College Program and the College of the Marshall Islands Marine 

Science Program on April 5-7, 2014 at the existing and proposed sewer outfalls on Ebeye Island in 

Kwajalein lagoon. Its purpose is to inform the siting of the proposed new sewer outfall and 

wastewater line for the area. The proponent for the project is Kwajalein Atoll Joint Utilities 

Resources Inc. 

The report may also be useful for the RMI earthmoving and environmental assessment permitting 

process, and provides a baseline reference for future monitoring or research. There are Sustainable 

Development regulations that have been drafted since 2006 and are now awaiting final translation 

into Marshallese before they go into effect. They will complement but not replace the earthmoving 

and EIA regulations. More directly, the report allows landowners and Government to understand 

the environmental value of the coral reefs along part of the Ebeye lagoon side shoreline. The scope 

of the lagoon side investigation follows the Ebeye Water Supply and Sanitation Project terms of 

reference provided on December 13, 2013. 

GHD Consultants and Kwajalein Atoll Joint Utilities Resources deployed drogues on April 7-8 to 

assess water circulation on both a flood and ebb tide. This was also done as part of an investigation 

on limited currents and biological characteristics in the same general location by Amesbury et al., 

1975. While the results of the additional current study works are not discussed in this report, the 

figure provided by GHD is included in appendix A. 

2.2 Site Location 

Figure 2.2.1 is a satellite image of the northern one-third of Ebeye Island. The yellow arrow depicts 

the area where the existing sewer outfall and wastewater line are located. 

 

Fig. 2.2.1 Lagoon Side of North Ebeye 
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2.3 Site and Development Characteristics 

Figure 2.3.1 is a larger scale satellite image of figure 2.2.1. There is a faint line in the direction of 

and to the right of the yellow arrow. This is the existing wastewater line, further delineated by the 

dashed yellow line through the reclaimed shoreline. 

 

 

Fig. 2.3.1 Existing Wastewater Line 

The Ebeye Water Supply and Sanitation will involve the installation of a new sewer outfall and 

wastewater line. In consideration for siting on the lagoon side there are several possible locations. 

One is the current location along the concrete blocks holding the existing wastewater line in place. 

Others include directly adjacent to the existing line, or some distance on either side. The green 

arrow in figure 2.3.1 points to the shore where this marine survey will show is the ideal landing 

location for the new sewer line. Figure 2.3.2 shows the shoreline in this area. 

 

 

Fig. 2.3.2 Proposed Landing of the New Wastewater Line, looking east-northeast 
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2.4 Benefits of Maintaining a Healthy Reef 

Marine life quality on the reef flat and coral reef along the existing and proposed wastewater line 

will be discussed at length in this report. This section highlights the many ecological relationships 

fundamental to understanding the marine life quality along this lagoon side stretch of Ebeye. Coral 

reefs in this area are fully adjusted to the dynamic nature of the wind and swells that are the norm 

across the Marshall Islands. Coral colonies are generally compact and resilient in the shallows (fig. 

2.4.1) and more fragile and diverse with depth (fig. 2.4.2). 

Fig. 2.4.1 Acropora sp. coral adjacent (north) to shallowest 
5 blocks of existing wastewater line - 1.5m depth

Fig. 2.4.2 non-Acropora sp. coral on deepest 5 blocks of 
existing wastewater line - 5m depth

 

The most obvious direct local benefit of the reef ecosystem is the shoreline that exists today. Shores 

along Kwajalein Atoll have been selectively weathered and eroded into sand and coral 

bedrock/beachrock over time. The Ebeye Island lagoon shoreline is in a state of dynamic 

equilibrium. Great care needs to be taken in any shoreline modification effort because the effects of 

impacts are not easily predicted and are usually impossible to reverse. The structural integrity of the 

reef and reef flat protects against the daily swells and waves, and the occasional storm surge. It does 

this by dissipating wave energy. 

If the health of the thin layer of marine life on any coral reef is compromised, there will be gradual 

erosion of the reef foundation and rubble fields will ensue. This rubble will cause further damage as 

it moves, and eventually the barrier provided by the reef will be reduced so much so that high 

energy waves will pound the shoreline and possibly erode much more than the adjacent foreshore 

land area. Such features exist to some degree naturally, and are expressed through V cuts or small 

drop-offs along the upper edge of the reef flat. 

Locals obtain some of their food from the reef. Their traditional fishing activities are acceptable as 

long as they remain at subsistence levels and as long as the reef does not suffer from other impacts. 

Parrotfish and other sand makers on the reef such as green coralline algae are important sources of 

sand for our beaches (discussed further in section 3.1). Red coralline algae act as the cement that 

bonds the rubble of the reef together, and precipitates from seawater on a healthy reef (fig. 2.14). 

The pink and white crustose variety is especially good at providing an excellent surface where new 

coral gametes settle on and grow. Corals with their associated photosynthetic algae are the second 

most important provider of oxygen for the world after rain forests (fig. 2.15). Moreover, the coral 

reef in all its splendour is the habitat for a myriad of animals and plants that have intrinsic value 

beyond direct or indirect benefits to humanity. 
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Fig. 2.17 Bleached Coral Reef [Palau, 2000]Fig. 2.16 Global Reef-building Coral Distribution

Fig. 2.14 Linkia sp . Seastar on Red and Pink Coralline Algae Fig. 2.15 Coral Polyp with Symbiotic Algae

 

2.5 Reef Threats 

2.5.1 Global 
 

Few people purposely damage our reefs. Most issues arise from our assumption that reefs can 

handle our excesses. By far the two greatest threats to reef health today are global; coral bleaching 

and ocean acidification stemming from increased carbon dioxide levels in the atmosphere. Reef-

building colonial corals are found in both tropical and subtropical areas across the globe (fig. 2.16). 

Coral bleaching is a term referring to the loss of symbiotic algae living within the coral polyp in 

response to thermal stress (fig. 2.17). Acidification refers to the stunting effect on coral skeleton 

growth with changing ocean chemistry and increasing acidity of the water. 

  

The coral colonies along the existing and proposed wastewater line do not currently display 

evidence of coral bleaching. Like much of the Marshall Islands, they have largely been fortunate so 

far. However, bleaching has been observed on ocean side reef flats in Majuro, Arno, and Jaluit 

atolls where it is sufficiently broad for the sun to heat shallow water. 

The overriding point is that even pristine reefs cannot escape these global killers. Practically it 

means that even the outwardly intact reefs in the Marshall Islands are already under threat and 

therefore survive somewhat precariously. Seemingly benign impacts can have serious consequences 

because the reef immune system is already under attack. Reefs already under threat from local 

impacts are less capable of embracing the adaptation needed to dampen the effects of global climate 

change. 
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2.5.2 Local 
 

Local threats to reef health are typically related to run-off. Few stressors affect corals adversely as 

much as sedimentation. A coral polyp obtains part of its food from the derivatives of photosynthesis. 

But a significant portion of its nutrition (depending on the species) comes from filtering plankton 

and other organic detritus from the water. Sedimentation reduces the amount of sunlight getting 

through for photosynthesis as well as smothering the polyp tentacles that it uses for filter feeding. 

Sedimentation effectively starves and suffocates the coral. The stress response may be similar to 

coral bleaching, but usually polyp death sets in whether the coral symbionts have been ejected or 

not. Typically within days there appears on the former coral colony a thin layer of anaerobic algae 

called cyanobacteria. If not controlled by algae eaters such as 

surgeonfish and sea urchins and other herbivores, this layer will 

grow into a thick mat or stringy assemblage of brown or black 

filamentous algae (fig. 2.18). Having up to 5% of the reef covered in 

cyanobacteria is considered to be the lower limit of a healthy reef. 

One excavator working on one section of the shoreline can 

conceivably produce enough sediment discharge over a short time 

period to wipe out an area of reef much larger than the section itself. 

Usually it depends on the rate at which the material enters the system. 

Nature is used to dealing with large volumes of sediment. It only 

becomes a problem when it enters the system rapidly. 

Beyond the physical impact of sedimentation in run-off is the nutrient nature of the material. 

Ground coral rock contains phosphates and nitrates that act as liquid fertilizer in the marine 

environment. While nutrients entering the marine environment is normal, the excessive rates at 

which they enter from excavated shorelines, sewage and grey water, and agricultural areas in 

particular is causing eutrophication. Coral reefs are gradually being replaced by algae. Examples 

around Majuro include the lagoon from Rita to Delap, both sides of the bridge, and the area 

surrounding the sewer outfall at MWSC. Local point source impacts in these areas also contribute, 

include leaking septic tanks and poorly maintained septic fields, as well as general road and 

industry run-off bringing a toxic sleuth of chemicals into the mix. Other ways that Ebeye Island 

could have run-off issues beyond shoreline modification is the removal of vegetation. Tree roots 

and the associated forest floor cover have an incredible ability to hold nutrients. 

Both Majuro and Arno have had infestations of the Crown-of-Thorns 

(COTs) sea star (Acanthaster plancii). It is a growing problem all over 

the world. Fortunately, neither the animals themselves nor their feeding 

scars were seen on this survey. COTs eat stony coral (fig. 2.19). Much 

research takes place on these animals and the consensus is that they 

thrive in polluted, nutrient-rich areas. There are also outbreaks in 

pristine areas so there is some speculation that they control fast-

growing coral from taking over a reef. Nonetheless, they are considered to be pests and the policy 

over most of the world is to remove them from the water and to avoid the high nutrient water 

quality conditions that attract them in the first place. 

Fig. 2.19 COTs on Table Corals [Mele Bay]

Fig. 2.18 Stringy Black Cyanobacteria 
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3 Method 

The method used for this assessment is in situ observation of the substrate and water column to 

gather information about reef morphology and marine life in the vicinity of the proposed works at 

the existing and proposed wastewater line. Techniques employed include intertidal walks and 

swims along the reef flat and shallow subtidal, as well as spot checks on the reef edge and deeper 

slope. Data is interpreted in the context of the importance of marine biodiversity and the complexity 

of relationships among reef inhabitants. 

3.1 Marine Biodiversity 

Biodiversity is a measure of species richness and evenness. Species richness is the variety or 

number of species within an area. For example, a site may have many kinds of reef fish species 

including hexagon groupers and napoleon wrasses. Species evenness is the relative abundance or 

number of individuals of a species compared with another species within the same area. For 

example, a site may have many hexagon groupers but very few napoleon wrasses. Scientists 

measure richness and evenness for many target species and taken together, they indicate HIGH or 

LOW biodiversity. Complexity of ecological relationships among species and their habitats do not 

always mean that high biodiversity is preferred in all environments. But high biodiversity is always 

preferred on coral reefs. More specifically, abundance within keystone species indicates a healthy 

environment. For example, larger predators like reef sharks, napoleon wrasses, and large groupers 

need variety and relative abundance across many smaller prey species in order to survive. 

Measuring relative biodiversity on the coral reef can be done without conducting a complete species 

inventory. It does require a certain amount of representative sampling across areas and depths, but it 

is also about observing ecological relationships among reef inhabitants that indicate whether the 

reef is functioning as it should
1
. Understanding the general relationships among producers, 

consumers, decomposers, and sand makers is necessary for assessing RELATIVE biodiversity and 

overall coral reef health. 

A reef is a wonderful example of an ecosystem. This word ‘ecosystem’ combines ECOLOGY and 
SYSTEM. Ecology means the way in which all living things interact with each other and their 

physical environment. System means a complex, organized, interacting, and interdependent set of 

parts. The coral ecosystem is like a family and its community. Certain fishes, for example, have 

certain jobs. If small fishes called cleaners are removed from a reef, the result is an increase in 

parasites in the fish that would otherwise be cared for. Eventually the fish abandon that part of the 

reef and go elsewhere. It is important to learn the parts of the coral ecosystem and the roles its 

members play, since this tells us which animals to focus on and how best to protect their habitat. 

The entire reef depends on the PRODUCERS, the plants and 

special animals that turn sunlight and carbon dioxide into food and 

release oxygen as a byproduct. In addition to plants and algae, an 

important producer is the coral itself. The brown colour of many 

kinds of coral comes from countless tiny, microscopic single-

celled algae called zooxanthellae that live inside the coral animal, 

the polyp (fig. 3.1). Other rich colours result from a pigment mix 

of the algae and the often ‘faded’ colour of the polyp itself. 

                                                      

1
 Biodiversity information on an already impacted reef should ideally be compared to some sort of pre-impact baseline at 

the same location. Whether a control site or pre-impact baseline reference is used, observing reef function requires both 

quantitative and qualitative measurement. 

Fig. 3.1 Coral Polyp x-section
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Without the algae, the polyp would not have the strength to make its hard skeleton, and the coral 

rock of the reef would not form. 

Algae both produce and feed off nutrients in the water. There are good algae, and bad algae, and 

even good algae can disturb the delicate coral reef balance if there is too much of it. As animals on 

the reef die to make room for new life, their tissues and skeletons provide yet more nutrients and 

solid material for the next generation. Algae grow everywhere, and the most edible types are so 

small that they are easily overlooked. They grow on dead coral rock, and are scraped up by schools 

of herbivorous fish. Another kind of producer is the microscopic algae that drift in the ocean, 

known as phytoplankton. They are the food for the zooplankton, the tiny animals that live 

everywhere in the water column of the world ocean. CONSUMERS are the animals that eat algae, 

zooplankton, and corals. These include fish, worms, crabs, mollusks, and other animals. It also 

includes the coral polyp itself as well as larger zooplankton. All animals produce waste, which act 

as fertilizer for the producers. A healthy coral reef takes care of its wastes through decomposition. 

DECOMPOSERS are microscopic bacteria whose job is to eat the waste of everyone else. Dead 

animals and animal waste is subsequently turned into nutrients. In the coral world, we must include 

another special category of creatures, the SAND MAKERS. Sand is the home for many worms that 

are eaten by fish and it is where sea cucumbers find their food. It is also habitat for many fish, 

which bury themselves at night and spend all their lives in or near burrows in sand. Some sand 

comes from the dead remains of green-segmented algae (fig. 3.2). Other sand comes from 

microscopic shells of small pink animals called forams. Much of it is excreted from Parrotfish after 

feeding on corals (fig. 3.3). Large pieces of coral are crushed by their special throat teeth, which are 

essentially flat plates. The thin layer of living coral, as well as tiny tunneling algae inside the coral 

skeleton, provides the actual food for these fish. Parrotfish are herbivores, as they only target coral 

to get at the algae. A large adult parrotfish can produce upwards of a tonne of sand per year. 

Fig. 3.3 Parrotfish - Scarus sp.Fig. 3.2 Halimeda sp.
 

3.2 Survey Techniques 

Characteristics of the underwater environment are adapted from the method developed by the 

Australian Institute of Marine Science. Surveys are often conducted using underwater tape 

measures, quadrats and photography equipment (figs. 3.4 & 3.5). 

Fig. 3.4 Diver with Survey Quadrat Fig. 3.5 Camera Housing  
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Options for the survey scale range from surface observations of general site characteristics to spot 

checks and permanent transects at variable depths across a range of physical, biological and 

ecological features. The latter includes variables related to water motion, sedimentation, slope 

stability and erosion, reef morphology, substrate, coral cover, coral growth form, algae cover and 

characteristics, and invertebrate and fish variety and abundance. Most corals and other invertebrates 

can be identified in the field to the level of genus. There are many marine plants and animals that 

cannot be accurately identified in situ, and others where positive identification to the species level 

can be made. Fish are identified by family with selected species information documented as 

required. 

3.2.1 Reef Flat and Shallow Subtidal 

A reef flat walk and swim is conducted along the shallow sections of the existing and proposed 

wastewater line, shown as sites 7-8 and 12-14 within the blue boundary in figure 3.6. It is used 

primarily in shallow environments across large areas where it is not possible to use a tape measure 

within acceptable movement, nor obtain enough data from within one sample site. Reef flat walks 

or swims focus on representative photographs and qualitative information about the type and 

condition of substrate and marine life present. 

 

 

Fig. 3.6 Marine Survey Sites (adapted with permission from Dexter Grageda, GHD Consultants) 
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3.2.2 Spot Checks 

Spot checks are visual inspections by survey divers at variable depths. Figure 3.6 shows coral reef 

sites 1-6 & 9-11 beyond the reef flat and shallow subtidal. Site 10 is west of the map 1km offshore. 

The intent of spot checks is to familiarise the survey divers with the broader area, and to provide 

preliminary results on select variables using optional 5m transects. The results can also be useful for 

site selection and adaptation if a longer permanent transect is deemed necessary in the future. 

Because of the linear nature of this survey along proposed wastewater line routes, several of the 

spot checks involved longer transect characteristics. 

The type of substrate is noted every 0.5m along the tape. Some entries are basic, such as sand. 

Other types of substrate are divided into further categories. Solid rock can be with or without 

surface cover of coralline algae. Rubble is either partly consolidated with coralline algae (on its way 

to becoming rock) or unconsolidated (loose). Coral is alive or dead. Dead coral can also be recently 

killed. Live coral is stony or soft, and can also be bleached. Stony coral has a number of growth 

forms ranging from massive to branching, and both stony and soft coral can often be identified to 

the level of genus. Because there are 10 data points in 5m, it is straightforward to present the data as 

frequency percentages. At a minimum this yields the amount of coral cover on the reef. By itself, 

coral cover is only a general indicator of reef health. But taken with select information from other 

substrate details, along with explanatory photos, an understanding of the reef bottom emerges. 

 

By comparison, Amesbury et al. (1975) used a point-center quarter technique for analysing the 

coral community. A series of 10 points were selected 10m apart along a 100m transect. Point areas 

were then divided into quadrants and analysed for coral presence. Essentially that meant that the 

distance of a coral head from the transect line was recorded within an area and calculated to yield 

density values for both individual species and the coral community as a whole. Percent coral cover 

was then taken as the density of a specific species times the average areal coverage of that species 

within the community. The coral cover method used in the Amesbury et al. (1975) report is an 

excellent early means of discerning different types of species coral cover. Taken together, they 

inform the total coral cover at that time. Quantitative observations of dominant algae were taken 

with a point- quadrat method. Algae were distinctively zoned at that time, and therefore associations 

were easily made among species at expected depths. Further comparisons with this report are made 

in section 4. 
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4 Results and Discussion 

Amesbury et al. (1975) found 20 species across 10 coral genus in the area of the existing and 

proposed sewer outfalls at that time. A single-rock outcropping on the lagoon slope made up for 

50% of the corals observed. It may be that this outcropping is the bommie surveyed at site 1. As for 

coral cover, the report states that it averaged <1% along the transect length. Differences in survey 

design make it difficult to compare with the higher values observed now, as the current report does 

not provide an average along the proposed route. Moreover, the transect locations are not clearly 

marked in the Amesbury et al. (1975) report, and the locations of the existing and proposed outfalls 

at that time would need to be compared with reclamation that has occurred since. Many forms of 

healthy algae were identified in the report. The largest prevalence was by two types of Halimeda sp., 

consistent with the remnants of the green coralline algae observed now. However, there was no 

mention then of the cyanobacteria algae and the fleshy macroalgal cover so prevalent across the 

areas surveyed now. 

Reef flat and shallow subtidal swims and spot check site results are discussed descriptively with 

explanatory photographs, but without tables and pie charts. Relative survey locations are shown 

again in figure 4.1. 

 

 

Fig. 4.1 Marine Survey Sites (adapted with permission from Dexter Grageda, GHD Consultants) 

4.1 Reef Flat and Shallow Subtidal 

Sites 7-8 & 12-14 in figure 4.1 are effectively in the subtidal area beyond the reef flat. This section 

also includes findings from other points within this blue boundary and uses the listed site numbers 

as a proximity reference. 



 

15 

 

4.1.1 Site 7 Shallow Section of Existing Wastewater Line 

Figures 4.1.1 & 4.1.2 show the location of site 7 in the middle of the existing wastewater line. The 

reason that the GPS survey point does not fall on the line on the map is due to a combination of the 

accuracy of the GPS (+10m) and the angle of the marker line at the time the position was noted. 

This is a recurring bias across most if not all of the survey locations. Site 7 is at block number 13 

going from the deepest point on the existing wastewater line (1
st
 block close to the outfall at 5m 

depth) to the shallowest point (25
th
 block close to shore at 1m depth). Site 7 is therefore about 

halfway. The corals on both sides of the line appear healthy with a benthic cover of about 35%. 

(figs. 4.1.3 & 4.1.4). 

The external condition of the existing line that is visible appears to be good. There are no obvious 

cracks or other discernable damage. The pipe diameter itself is on average half buried in the 

sediment along the bulk of the route, and fully exposed as expected at the outfall. 

Fig. 4.1.1 Re-printed from fig. 4.1 to emphasize 
location of site 7 (B07)

Fig. 4.1.2 attaching site 7 marker to block 13 
(deep to shallow) - 3m depth

 

Fig. 4.1.3 north side of blocks 11 & 12, looking east
- 3m depth

Fig. 4.1.4 south side of site 7, looking south - 3m depth

 

On average, the coral growth adjacent and on top of the blocks gets better from deep to shallow 

with increasing distance away from the outfall. The 50% found on top of blocks 14-19 is the highest 

cover recorded on the survey (figs. 4.1.5 & 4.1.6). 
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Fig. 4.1.5 block 15, looking south - 3m depth Fig. 4.1.6 block 16, looking east - 3m depth
 

In contrast, blocks 1-10 had about the same cover as blocks 21-25 close to shore, but for different 

reasons. The deeper blocks and adjacent corals are primarily affected by high nutrient levels and 

sediment by being in proximity to the outfall, while the shallow area is subjected to high nutrient 

levels in surface run-off combined with additional iron enrichment from scrap metal. The old iron 

sewer line probably does not help in this regard. In both cases, the nutrients lead to cyanobacteria 

growth (blue-greens) covering 20% of the bottom in each section away from the middle. 

Figure 4.1.7 is an example of the blocks close to shore. Figure 4.1.8 however, shows that the coral 

growth on top of the aggregate and debris spilling over from the adjacent land reclamation some 

years ago has resulted in very irregular topography compared with the rest of this area. Besides the 

obvious coral cover, this is one prominent reason why siting the wastewater line on the south side 

adjacent to the existing one is impractical. Note: There is a video transect referenced “A thru 8 to N 
of 4” that shows this area in some detail (refer to recommendation 1 and figure 5.3 in section 5). 

Fig. 4.1.7 block 23 covered (on top) with cyanobacteria 
algae, looking east - 1.5m depth

Fig. 4.1.8 south of blocks 22-25, looking northeast
- 1.5m depth

 

At the other end of the wastewater line, approximately 20m east of the outfall there is significant 

evidence of coral fatality through smothering from sedimentation (fig. 4.1.9) and settling of blue-

green algae on recently-killed coral heads. There has been a constant cycle of death and re-growth, 

resulting in very fragmented and low rugosity (relief) reef topography adjacent to the line. Despite 

the wastewater-related effects on water quality, the re-growth of Acropora sp. coral is evidence for 

a reasonably well-flushed shallow subtidal area. 
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Fig. 4.1.9 block 6 with table Acropora sp. coral covered with 
silty sand, looking south - 4m depth

Fig. 4.1.10 block 8 Acropora sp. coral covered with 
cyanobacteria algae, looking east - 4m depth

 

 

4.1.2 Site 8 South Reef Rise 

About 15m to the south of site 7 is site 8 (fig. 4.1.11). As shown earlier in figure 4.1.4, in between 

the sites is coral cover of about 35%. Site 8 is where this coral cover drops off to about 10% and 

where the reef morphology in the N-S direction goes from irregular to flat (figs. 4.1.12 & 4.1.13). 

The area is referred to as a rise with respect to the E-W direction, as the 3m depth at site 8 is in stark 

contrast with the 7m depth at site 13. The bottom is also made up of about 65% rubble, including 

incidental coral colonies that are bleached (fig. 4.1.14). 

Fig. 4.1.11 Re-printed from fig. 4.1 to emphasize 
location of site 8 (B08)

Fig. 4.1.12 rubble and partial coral substrate, 
looking west - 3m depth

 

Fig. 4.1.13 rubble and partial coral substrate,
looking south - 3m depth

Fig. 4.1.14 rubble substrate and bleached 
Acropora sp. coral colony
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Note: There is a video transect referenced “A thru 8 to N of 4” that shows this area in some detail 
(refer to recommendation 1 and figure 5.3 in section 5). 

 

4.1.3 Site 13 South Wall 

The foreshore south of the southwest corner of the reclaimed area slopes steeply down to site 13 

(figs. 4.1.15 & 4.1.16). This wall contains very little coral cover, at less than 15% with about 20% 

cyanobacteria algae and 2-3mm of silt covering dead colonies (fig. 4.1.17). 

Fig. 4.1.16 steep slope looking north - 8m depthFig. 4.1.15 Re-printed from fig. 4.1 to emphasize 
location of site 13 (B13)

 
 

Figure 4.1.18 shows that the wall ends abruptly on a sandy flat at 7m depth, which extends south for 

about 20m before encountering coral at site 14.  

Fig. 4.1.17 cyanobacteria algae on mostly dead coral 
colonies, looking northwest - 8m depth

Fig. 4.1.18 flat sand directly south of site 13,  
looking west-northwest - 7m depth 

 

 

4.1.4 Site 14 South Bommie 

Site 14 is 20m due south of site 13 (fig. 4.1.19). It lies at 7m depth and marks the north boundary of 

a large bommie that slopes gradually upwards to the south (figs. 4.1.20 to 4.1.22). Coral cover is 

moderate at 25%, with minor amounts of cyanobacteria and siltation compared with site 13 or with 

sites beyond the existing outfall. 
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Fig. 4.1.20 sand flat directly north of site 14, 
looking south - 7m depth

Fig. 4.1.19 Re-printed from fig. 4.1 to emphasize 
location of site 14 (B14)

 

Fig. 4.1.21 north edge of bommie, looking east - 6m depth Fig. 4.1.22 north slope of bommie, looking east - 4m depth
 

Note: There is a video transect referenced “between 13 & 14 to 8” that shows this area in some 
detail (refer to recommendation 1 and figure 5.3 in section 5). 

 

4.1.5 Site 12 East Landing 

Ste 12 is marked as to be more or less in an E-W direction with sites 2 and 4 (figs. 4.1 & 4.1.23). 

Similar to site 13, the 8m depth at this location marks the bottom of a steep slope rising to the north. 

To the northeast and east is a gradual slope. To the northeast is the proposed landing location for the 

new wastewater line (red can in fig. 4.1.24). 

Fig. 4.1.24 shoreline looking east from halfway to site 12, 
with red can in middle of background 

Fig. 4.1.23 Re-printed from fig. 4.1 to emphasize 
location of site 12 (B12)
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Figures 4.1.25 and 4.1.26 show the substrate at this site. While the north to east sides are sloped, the 

sandy bottom at this location is flat and littered with debris and silt-covered green coralline algae 

(figs. 4.1.25 & 4.1.26). 

Fig. 4.1.25 Halimeda sp. algae and debris, 
looking south - 8m depth

Fig. 4.1.26 Green coralline algae (Halimeda sp.) affected 
by siltation on sandy substrate - 8m depth

 

 

Note: There are video transects referenced “x to 12” and “12 to between 13 & 14” that show this 

area in some detail (refer to recommendation 1 and figure 5.3 in section 5). 

There is less than 5% coral cover in an E-W direction from the slope east of site 12 all the way 

through the sandy flat to between sites 13 and 14. There are incidental coral colonies of the variety 

shown in figure 4.1.27, but mostly the substrate is similar to the sandy environment represented in 

figure 4.1.28. 

Fig. 4.1.27 incidental non-Acropora sp. coral colony 
showing adjacent siltation - 7m depth

Fig. 4.1.28 Gradual sand and silt slope 
southeast of site 8 - 6m depth
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4.2 Spot Checks 

Spot checks have details at variable depths across nine subtidal survey sites in figure 4.1 (sites 1-6 

& 9-11). They are all located at or beyond the sewer outfall. 

 

4.2.1 Site 6 Existing Sewer Outfall 

The existing wastewater line is marked in yellow and orange in figure 4.2.1, with the outfall at a 

depth of 5m located at site 6. Figure 4.2.2 shows a diver approaching the outfall from the south. 

Fig. 4.2.2 boat anchor line down to deepest block adjacent 
to sewer outfall, looking east - 5m depth

Fig. 4.2.1 Re-printed from fig. 4.1 to emphasize 
location of site 6 (B06)

 

Wastewater pumping ceased one hour before diving assessments on days at all sites east of sites 9-

11. Even with no pumping, some residue discharge was observed (figs. 4.2.3 & 4.2.4). The area of 

the outfall is entirely devoid of any marine life, with only silt, sand, and some coarser grain-size 

materials present. Other than some coral growth on the wastewater pipe itself, the bottom 

environment from several meters east of the outfall as far as one could see in all other directions 

was similar. 

Fig. 4.2.3 Existing sewer outfall - 5m depth Fig. 4.2.4 Existing sewer outfall with minor discharge 
residue 1 hour after pumping stopped
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4.2.2 Site 5 Top of Sand Slope 

Site 5 is only 5m west of the outfall, at the same depth. It was marked to highlight the location of 

the top of the sandy slope to the west (figs. 4.2.5 & 4.2.6). The substrate has the same combination 

of silt, sand, and coarser grain-size materials shown for site 6 (figs. 4.2.7 & 4.2.8). 

Fig. 4.2.6 top of sandy slope, looking southwest 
- 5m depth

Fig. 4.2.5 Re-printed from fig. 4.1 to emphasize 
location of site 5 (B05)

 

Fig. 4.2.7 top of sandy slope, looking east towards 
existing outfall - 5m depth

Fig. 4.2.8 top of sandy slope, looking north
- 5m depth

 

On the upper part of the slope, especially towards the southwest, the sand is almost completely 

covered with about 5mm of heavy silt and a patchwork of cyanobacteria mats (fig. 4.2.9). It is also 

the most concentrated settlement area of cigarette filters (fig. 4.2.10). 

Fig. 4.2.9 cyanobacteria algae in silt on upper half of slope, 
southwest of existing outfall - 5 to 9m depth

Fig. 4.2.10 cigarette filter debris on upper slope
- 7m depth
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4.2.3 Site 4 Bottom of Sand Slope 

The 45 degree sand slope goes west for about 15m and ends in line with site 4 at 13m depth (fig. 

4.2.11). The reason site 4 was chosen for the survey location is because it in an E-W line linking 

sites 3 (further west) and 13. The substrate towards the bottom of the slope is sandy, with 

comparatively less silt and cyanobacteria than on the upper slope (fig. 4.2.12 & 4.2.13). There is 

virtually no coral, except for one very small coral colony shown in figure 4.2.14. 

Fig. 4.2.11 Re-printed from fig. 4.1 to emphasize
location of site 4 (B04)

Fig. 4.2.12 sandy lower half of slope - 10m to 13m depth

 

Fig. 4.2.13 sandy bottom of the slope, 
looking north - 13m depth

Fig. 4.2.14 isolated incidence of small Acropora sp. coral 
with patches of halimeda sp. - 13m depth

 

Note: There is a video transects referenced “A thru 8 to N of 4” that shows this area in some detail 
(refer to recommendation 1 and figure 5.3 in section 5). 



 

24 

 

4.2.4 Site 1 North Bommie 

About 40m west of the outfall starts a coral bommie with a top that is 20m in diameter at 8m depth 

(figs. 4.2.15 to 4.2.18). Site 1 marks the middle of that bommie (fig. 4.2.15). Its sides are steep on 

the west and south sides, so the bommie is an estimated 30m in diameter at its base. The top of the 

bommie has minimal siltation, and minor occurrence of cyanobacteria and no evidence of transition 

to a macroalgal state. This makes sense because discharge from the outfall largely flows south of 

this location. However, it dominantly has low coral species diversity, and little of it the fast-

growing Acropora sp. that requires very good water quality. 

Fig. 4.2.16 non-Acropora sp. coral on top of bommie 
- 8m depth

Fig. 4.2.15 Re-printed from fig. 4.1 to emphasize
location of site 1 (B01)

 

The top of the bommie has about 40% coral cover (figs. 4.2.17 & 4.2.18), while the sides have 

about half that amount (figs. 4.2.19 & 4.2.20). 

Fig. 4.2.17 top of bommie looking east - 8m depth Fig. 4.2.18 top of bommie looking southwest - 7m depth  

Figures 4.2.19 & 4.2.20 also show a school of dark-banded fusiliers, which range widely around 

coral reefs. Juveniles occasionally appear in large numbers in shallow lagoons and on reef flats 

They feed on zooplankton in midwater and are often caught in nets and used as tuna baitfish. 
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Fig. 4.2.19 school of Dark-banded fusilier (Pterocaesio tile) 
at bottom of west side of bommie, looking south - 27m depth

Fig. 4.2.20 west side of bommie, looking up and east 
- from 27m depth

 

 

4.2.5 Site 2 Sand Flat 

Site 2 is about 20m to the south of site 1, but only 6m from the south edge of the bommie (figs. 

4.2.21 & 4.2.22). The environment is flat sand, with patches of silt-covered coralline algae making 

up 10% of the substrate (figs. 4.2.23 & 4.2.24). These bottom characteristics continue to the south 

at least to the 15m extent of current visibility. Site 2 was chosen as the survey location to be in the 

E-W line with sites 3 and 4. There is a slope of 30 degrees between site 2 and 4, and 10 degrees 

between site 2 and 3. 

Fig. 4.2.22 flat sand bottom, looking north with bommie 
6m away in background - 21m depth

Fig. 4.2.21 Re-printed from fig. 4.1 to emphasize
location of site 2 (B02)

 

Fig. 4.2.23 green coralline algae (Halimeda sp.) 
in sandy substrate - 21m depth

Fig. 4.2.24 affected Halimeda sp.
in sandy substrate - 21m depth

 

The siltation effects are also obvious on the occasional blue sponge in the area, although there was 

at least one small Acropora sp. coral colony present (figs. 4.2.23 & 4.2.24). 
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Fig. 4.2.25 blue sponge under sediment stress - 21m depth Fig. 4.2.26 isolated Acropora sp. coral on debris 
on sand flat - 21m depth

 

There are two moderately large bommies at least 50m to the southwest of site 2. These were not 

surveyed, but were noted during reconnaissance. The tops of these 20-30m diameter bommies are in 

about 20m depth. They are marked on figures 5.1b & 5.3 in the recommendations section. 

 

4.2.6 Sites 3 & 9 Deep Sand Flat 

Sites 3 and 9 at 35m depth are discussed together because of a combination of the accuracy of the 

GPS (+10m) and the angle of the marker line at the time the positions were noted. This resulted in 

the flat sandy site 3 being located on fig. 4.2.27 to the west of the coral patch at site 9, instead of its 

true location 4m south of site 9 (fig. 4.2.28). The coral patch is actually mostly rubble, blue sponge, 

and fleshy macroalgae (figs. 4.2.29 & 4.2.30). Coral cover is less than 5%. 

Fig. 4.2.28 flat sandy substrate at site 3, 4m south of  
coral patch at site 9  - 35m depth

Fig. 4.2.27 Re-printed from fig. 4.1 to emphasize
location of sites 3 & 9 (B03 & B09).

Site 3 lies between sites 9 &11
 

Fig. 4.2.29 coral patch with mainly blue sponge and rubble, 
looking down and south - 35m depth

Fig. 4.2.30 coral head with both coralline and fleshy algae, 
with incidental damselfish - 35m depth
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There is flat sand more or less in all directions around site 3. Like for other survey locations, site 3 

was chosen to be in line with the E-W line with sites 2 and 4 (figs. 4.2.31 and 4.2.32). The space in 

the N-S direction through site 3 and between site 9 and 11 is at least 20m wide. The sand appears 

clean, with minor amounts of silt and cyanobacteria algae. 

Fig. 4.2.31 site 3 looking east - 35m depth Fig. 4.2.32 site 3 looking west - 35 to 38m depth  

 

4.2.7 Site 11 Southwest Bommie 

There is a very large bommie that starts 20m south of site 9 (figs. 4.2.33 & 4.2.34). It is estimated to 

be about 70m in diameter at the bottom at a depth of 35m, and 40m diameter at the top at 23m. 

Fig. 4.2.34 flat sandy substrate at north edge of large 
bommie, looking west - 35m depth

Fig. 4.2.33 Re-printed from fig. 4.1 to emphasize
location of site 11 (B11)

 

There is 2-3mm of silt covering most of the patches of reef bordering the northeast corner of the 

bommie (figs. 4.2.35 & 4.2.36). Coral cover is not present. 

Fig. 4.2.35 patch reef bordering north edge of large bommie, 
looking south - 35m depth

Fig. 4.2.36 silt-covered patch reef - 35m depth
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The north side of the bommie was the only side surveyed, and figures 4.2.37 and 4.2.38 show that 

the entire coral reef community has been replaced by fleshy macroalgae. This is typical for high 

nutrient input areas, and this bommie is directly in line with the southwest effluent plume from the 

existing outfall. Some isolated coral patches remain (fig. 4.2.38). 

Fig. 4.2.37 north side of large bommie covered in 
macroalgae, looking east - 28 to 33m depth

Fig. 4.2.38 isolated non-Acropora sp. coral colony
- 25m depth

 

Figures 4.2.39 and 4.2.40 further demonstrate that this algal dominance continues up the bommie. 

Despite its destructive effect on coral cover, it still supports some fish presence and does not 

prevent non-coral invertebrates like anemones to grow. 

Fig. 4.2.39 coral head with macroalgae,
looking south - 24m depth

Fig. 4.2.40 isolated anemone, looking up and south
- 28m depth

 

4.2.8 Site 10 Far West Bommie 

Although not surveyed, there is a coral bommie 1km due west of the shore, and about 700m due 

west of sites 3, 9 & 11. Compared with the macroalgae bommie at site 11, it appears to be in very 

good condition with a healthy diversity of coral cover (figs. 4.2.41 & 4.2.42). 

Fig. 4.2.41 diversity of corals on bommie - approximately 
18m depth [taken snorkeling from 8m]

Fig. 4.2.42 large non-Acropora sp. coral colonies -
approximately 18m depth [taken snorkeling from 15m]
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5 Recommendations 

This benthic morphology and marine life assessment is primarily an inventory with interpretation 

based on a formal method of collecting and analysing data. It does not, however, have a table matrix 

of impacts with their effects rated in terms of magnitude and direction. This is within the realm of a 

Preliminary Environmental Assessment and is at the discretion of the RMI EPA. It instead 

highlights important issues and places them in the context of shoreline modification and coral reef 

health. The marine survey of the existing and proposed wastewater line on Ebeye is encouraging in 

terms of shallow subtidal coral quality, yet disturbing for overall reef health in terms of 

sedimentation, macroalgae cover, and available substrate for coral recruitment. The dominant wind 

and current direction is towards the southwest so impacts tend to be more significant in that 

direction. The report raises several ecological concerns: 

1. Non-coral invertebrates are largely absent from the reef, especially giant clams. The 

scope of this survey does not include a formal investigation into historical uses of the 

reef that may have negatively impacted the variety and abundance of invertebrates 

harvested in the past. 

2. Large (>20cm) and medium (10-20cm) fish are also largely absent from the reef. The 

‘snapshot’ nature of the fish survey does not necessarily encompass enough information 

to conclusively state that fishing pressure has resulted in this situation. 

3. Coral cover varies from 5-50% across the survey sites. The high average is largely due 

to the very good coral in proximity to the middle part of the existing wastewater line. 

The area of primary concern for protection however, is the shallow rise in the reef 

along the proposed wastewater route, where live corals are situated within a field of 

unconsolidated coral rubble. The deeper bommies have already shifted to macroalgal 

dominance, with low coral biodiversity. 

4. Upwards of 25% of the sandy substrate beyond the outfall is covered with 

cyanobacteria algae and fine silty sediment 2-3mm thick. This is a significant amount, 

and is largely responsible for the supply of nutrients and silt to the deeper bommies. 

 

From that perspective, the recommendations below offer opportunities for mitigation and protection. 

They also identify where the scope of work can be improved for application on similar projects in 

the future, or for continued monitoring efforts in Kwajalein lagoon. 

There are five (5) recommendations: 

5.1.1 Recommendations Related to the Proponent (Developer Actions) 

1. Siting: For locating the ocean outfall into the lagoon side, it should be sited as shown in 

figures 5.1a & 5.1b based on the benthic morphology and marine life identified through 

this survey. A depth profile along the route is shown in figure 5.2. Note: Four video 

transects along this route, from shore to site 2 have been submitted to GHD at the time 

the survey was conducted. They should be viewed in association with this report and 

are referenced on the field sketch in figure 5.3. 

2. Notification: This report can serve to inform the environmental assessment sections of 

the Preliminary Proposal and Environmental Management Plan required by the RMI 

EPA. 

3. Coral Relocation: Any small coral colonies that can easily be dislodged in and around 

the outfall route in the shallow subtidal should be picked up by hand and relocated to 

the same depth either to the north or south. This is particularly important in the area of 

site 8, and can be done using local diving expertise from Ebeye or Majuro. 
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4. Materials: Sediment curtains floated at the surface and weighted at the bottom need to 

be placed during any excavation, dredging, or backfilling works on the reef flat and 

shallow subtidal, as indicated by the red lines in figure 5.1a. This will mitigate the risk 

that corals in proximity will be negatively affected. To maximize the protection offered, 

every effort needs to be put to reduce the space between the floats and the top of the 

mesh material. The industry standard sieve size for such mesh material is sieve 70, or 

0.2mm. Due to the lack of availability of 0.2mm mesh on island, there is flexibility in 

the mesh size as long as a reasonable alternative is found. 

5. Timing: All work in the intertidal including land-based work close to the high water 

line must take place from 2 hours before to 2 hours after low tide. This minimizes the 

potential for a sediment plume to disperse and settle across coral colonies in proximity 

to any dredging or shoreline modification that may be required (e.g. near landing of 

wastewater line east of site 12). 

 

 

Fig. 5.1a Proposed Wastewater Route and Sediment Curtain Boundaries (adapted with permission from Dexter Grageda, GHD Consultants) 
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Fig. 5.1b Proposed Wastewater Route with Reef Sketches in Fig. 5.2 (from Dexter Grageda, GHD Consultants) 

 

 

Fig. 5.2 Proposed Wastewater Route Depth Profile (from Dexter Grageda, GHD Consultants) 
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Fig. 5.3 Field Sketch of Proposed Wastewater Route with Location of Video Transects 
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6 Conclusion 

After Amesbury et al. (1975) this report is the second systematic assessment of reef morphology 

and marine life in the area of the existing and proposed wastewater line on the lagoon side of Ebeye 

Island in Kwajalein. It provides photographic, qualitative, and some quantitative evidence in 

support of the local assumption that its reefs are in an aesthetically pleasing yet unsatisfactory 

ecological condition. The primary method employed in the survey is spot check observations of 

substrate, invertebrates, and fish. The results are presented in the context of an understanding of the 

general relationships among different flora and fauna. Therefore, integral to the method is a broad 

explanatory introduction of pertinent signs that indicate whether the reefs are functioning as they 

should. The recommendations section includes a summary of several ecological concerns that are 

commonly noted on reefs in similar environments with similar stresses related to nutrient loading 

and sedimentation. 
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8 Appendix A: Drogue Deployment 

GHD Consultants and Kwajalein Atoll Joint Utilities Resources deployed drogues on April 7-8 to 

assess water circulation on both a flood and ebb tide. This was also done as part of an investigation 

on limited currents and biological characteristics in the same general location by Amesbury et al., 

1975. While the results of the additional current study works are not discussed in this report, a map 

of the deployment and direction of drift is provided by GHD and included in figure 8.1. 

 

 

Fig. 8.1 Drogue Deployment and Direction of Drift (from Dexter Grageda, GHD Consultants) 



Appendix F: Water Quality Test Data
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otes: Safe bacteria samples are those tests that show Negative or Absence (A) of pathogens 

(disease causing bacteria) either with Colilert Tests or with the H2S tests. 
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Notes: Safe bacteria samples are those tests that show Negative or Absence (A) of pathogens 

(disease causing bacteria) Tested with the H2S tests. 

 

 

 

 

 

 

 



REPUBLIC OF THE MARSHALL ISLANDS 

ENVIRONMENTAL PROTECTION AUTHORITY 
P.O. BOX 5223   Ebeye, Marshall Islands 96970 

Phone: (692) 329-3787/4787 Fax: (692) 329-3787  email: ebeyeepa@ntamar.net 
 

Extra Activities:  

   The public tab has an average of 0.3 FAC for the month of June 2012. 
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REPUBLIC OF THE MARSHALL ISLANDS 

ENVIRONMENTAL PROTECTION AUTHORITY 
P.O. BOX 5223   Ebeye, Marshall Islands 96970 

Phone: (692) 329-3787/4787 Fax: (692) 329-3787  email: ebeyeepa@ntamar.net 
 

 

 

 

 

 

             

 

 

Extra Activities:  

             

        

Respectfully submitted, 

 

 

 

 
Nathaniel Matauto                                                 12-29-12 

QM Lab Technician      Date W

 

otes: Safe bacteria samples are those tests that show Negative or Absence (A) of pathogens 

isease causing bacteria) either with Colilert Tests or with the H2S tests. 
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