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Marshall Islands Maritime Investment Project 
Environmental and Social Baseline Information 

1 DESCRIPTION OF EXISTING BIO-PHYSICAL ENVIRONMENT 

1.1 GEOLOGY, TOPOGRAPHY AND SOILS 

1. Atolls are geologic structures that rise from the ocean floor and enclose a shallow (less than 100 m) lagoon. The base 
of the atoll is a basaltic volcano that has subsided. The volcanoes that formed the Marshall Islands were active more 
than 150 million years ago. Reef growth during subsidence of the volcanoes results in a cap of calcium carbonate 
minerals that spans the distance from the top of the now-submerged volcano to the sea surface.  

2. The shallow subsurface geology of atolls is determined by precipitation and deposition of carbonate minerals, the 
chemical alteration (diagenesis) of these minerals, and changes in sea level. 

3. The RMI is made of 24 atolls and islands, of which the largest ten islands make up 74% (13,403 hectares) of the land 
area. The islands are low, generally flat bodies of land. On average, land mass in the Marshall Islands is 2 m above 
sea level.  

4. The four atolls of interest for the MIMIP have the following characteristics: 

¶ Majuro consists of a series of islets connected by causeways on the south rim to form an almost continuous land 
mass. The atoll is elongated in shape and extends approximately 40km east to west. At the western end of 
Majuro atoll about 40km from the airport by road, is the highest elevation point on the atoll, estimated at less 
than 3m above sea level. 

¶ Kwajalein atoll, home of Ebeye Island, is one of the worldôs largest coral atolls. Comprising of 97 narrow islands 
and islets, it surrounds one of the largest lagoons in the world. The average height of above sea water for all of 
the islands in this atoll is about 1.8m. 

¶ Jaluit atoll is a large coral atoll of 91 islands with a total land area of 11.34 km2, and it encloses a lagoon with an 
area of 690 km2, which is shaped roughly like a kite. Most of the land area is on the largest island of Jaluit (10.4 
km²). Jaluit is approximately 220 km southwest of Majuro.  

¶ Wotje atoll comprises 72 islands with a total land area of 8.18km2 and a total enclosed lagoon area of 624 km2. 
Both in terms of land and lagoon area, Wotje ranks among the larger atolls of the Marshall Islands, while it has 
one of the lower lands to lagoon area ratios. The atoll is oriented east and west and measures approximately 45 
km in greatest length (E-W) and about 18 km in greatest width (N-S). 

5. Soils developed on the atolls are typically thin and poor. Atolls are generally composed of porous coral sediments. 
Drainage is generally not a major problem due to rapid percolation of liquids into the soil and substrate. 

6. Soil erosion depends on several parameters such as type of soil, slope, vegetation, the nature of topography and 
rainfall intensity. The loss of soil stability and soil erosion can take place due to the removal of vegetation cover, and 
numerous construction activities. It can cause the loss of soil fertility and induce slope instability.  

7. Rainfall can have a significant impact on the ability to manage environmental impacts, particularly in terms of managing 
drainage, erosion and sedimentation. Therefore, activities that involve significant disturbance of soil or operating within 
drainage lines should be planned to be undertaken during the driest months. It is also important to ensure that all 
required erosion and sediment control mechanisms are in place before the onset of the wet season. 

SEISMIC ACTIVITY 

8. The Republic of the Marshall Islands is situated along a relatively quiet seismic area but is surrounded by the Pacific 
ñring of fire,ò which aligns with the boundaries of the tectonic plates. These boundaries are extremely active seismic 
zones capable of generating large earthquakes and, in some cases, major tsunamis that can travel great distances. 
No significant earthquakes have been observed in recent history. However, in 1899, a large earthquake off the eastern 
coast of New Ireland, Papua New Guinea generated a tsunami that caused a considerable amount of damage in the 
Republic of the Marshall Islands.  
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9. Earthquake hazard in the Marshall Islands is classified as very low, there is reportedly less than a 2% chance of 
potentially-damaging earthquakes in the area in the next 50 years1. The Republic of the Marshall Islands has a 40% 
chance in the next 50 years of experiencing, at least once, very weak levels of ground shaking. These levels of shaking 
are not expected to cause any significant damage to well-engineered buildings2. 

 

Figure 1 Epicenters of earthquakes in the west Pacific Islands region3 

1.2 CLIMATE 

10. The Climate of RMI is tropical throughout the year and is divided into two predominant seasons: a wet season from 
May to November and a dry season from December to April. Rainfall averages 300-380 mm per month with October 
and November the wettest and December to April the driest. Average rainfall increases from the north to the south: 
the northern atolls receive less than 1,250 mm annually and are very dry in the dry season, while atolls close to the 
equator in the south receive more than 2,500 mm of rain each year. Majuro itself is recorded as receiving an average 
of 3,200 mm of rain per year, while Ebeye has an average recording of 2,500 mm per year.  

11. The general weather pattern is regularly influenced by the movement of the ITCZ (Inter Tropical Convergence Zone) 
as well as irregularly by the El Nino Southern Oscillation (ENSO). The Intertropical Convergence Zone brings rainfall 
to the RMI throughout the year. Rainfall is also sometimes influenced by the West Pacific Monsoon, which brings 
wetter conditions when it is active over the country. Many Pacific typhoons begin as tropical storms in the RMI region 
and grow stronger as they move westwards.  

12. The islands border the typhoon belt. Typhoons, droughts and storm waves are the main extreme events that impact 
the RMI. Typhoons affect the country late in the typhoon season, between September and November. They are usually 
weak when they pass through the region but are more intense in El Nino years.  

13. Droughts generally occur in the first four to six month of the year following an El Nino when the rainfall can be reduced 
as much as 80%.  

14. Across the RMI, the average temperatures is relatively constant year-round, averaging between 25oC and 30oC for 
Majuro and Ebeye across the year. Changes in temperature from season to season are relatively small (around 1oC) 
and strongly tied to changes in ocean temperature. 

15. Rainfall on the islands mostly reflects seasonal variability of the northeast trade winds. Weaker trades, from April to 
October, coincide with greater rainfall in those months, while stronger trade winds from November to March coincide 
with decreasing rainfall. 

                                                           
1 http://thinkhazard.org/en/report/157-marshall-islands/EQ (accessed 11/1/19) 
2 http://siteresources.worldbank.org/EXTDISASTER/Resources/MarshallIslands.pdf 
3 Rong, Park, Duggan, Hahdyiar and Bauzzurro (2012) Probabilistic Seismic Hazard Assessment for Pacific Island Countries. 15 WCEE Lisboa 2012. 

http://thinkhazard.org/en/report/157-marshall-islands/EQ
http://siteresources.worldbank.org/EXTDISASTER/Resources/MarshallIslands.pdf
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16. On a spatial scale, there is a large spread between rainfall totals between the northern and southern area of RMI, with 
the northern areas (represented by Utrik and Wotje) being significantly dryer than the south (Majuro and Kwajalein). 
General rainfall patterns vary within RMI along three zones; Zone 1 with atolls/islands located above 8ô N latitude, 
Zone 2 with islands between 6ô and 8ô N latitude and Zone 3 with atolls/islands below 6ô N latitude. During the dry 
periods, island in the northern Zones 1 and 2 often experience prolonged days without rain, and therefore are more 
vulnerable to drought (Figure 2). 

 

Figure 2 Annual rainfall patterns in RMI 

1.3 UNEXPLODED ORDINANCE 

17. During World War II the atolls and islands of Micronesia were the focus of military development, extensive fighting and 
bombardment. By the end of that war the islands were littered with unexpended Japanese ammunition and with US 
ordnance that had failed to explode on impact. 

18. The Pacific War (1941-1945) saw the development of permanent and temporary military bases on several islands and 
atolls in the central and western Pacific Ocean by both Japanese and Allied forces. Vast quantities of ammunition, 
ranging from cartridges for small arms to high explosive shells for large coastal defense and naval guns, as well as 
aerial bombs were moved to the bases and stored in concrete bunkers or open bomb dumps. Small quantities were 
stored in ammunition ready magazines at the gun emplacements, where they were needed. Some of the ammunition 
was used up by the Japanese defenders, but much remained unexpended as the guns for which it had been stored 
were destroyed and made inoperable by U.S. attacks. 

19. In addition, enemy action delivered substantial quantities of ordnance on the Japanese bases. There is some data for 
ammunition used by the US Forces for the Marshall Islands. Table 1 compiles some of that information for the general 
bombardment, and Table 2 provides the data for the bombardment during the invasion of Kwajalein. It should be noted 
that the data presented there are near complete only for the atolls of Jaluit and Wotje, while figures are minimum figure 
only for Kwajalein and Majuro as data is incomplete. 
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 7th AAF USN Carriers USN 
Land 

Fourth marine Air Wing Naval  

Atoll Bombs Bombs Napalm Bombs Bombs Napalm Rockets Gunfire Total 

Wotje 1236.10 166.10  213.10 186.20 10.60 5.07 1016.53 4508.70 

Jaluit 1374.00 49.50  232.20 1425.38 54.20 7.32 6.00 3148.60 

Kwajalein 315.20 ? ? ? ? ? ? ? ? 

Majuro 15.00         

Table 1 Tonnage of high explosive bombs, naval shells, napalm and rockets directed by U.S. Army, Navy and Marine units against targets 
on the Project islands, February 1942-August 1945, (Invasion bombardment exclude)4 

 

 7th AAF US Navy US Army 

Kwajalein Atoll Bombs Bombs Gunfire Gunfire 

Roi- 23 16+ 1434.5  

Namur   1220.6  

Kwajalein Is 15  2656.5 1847.4 

Northern small islands   2677.4 43+ 

Southern small islands  33 3926.7 389.9+ 

Table 2 Tonnage of high explosive bombs, naval shells, napalm and rockets directed by U.S. Army, Navy and Marine units against targets 
on Kwajalein Atoll, during the invasion of these islands.5 

20. Most of this ammunition was either expended during military action or was removed after the war. Whilst most of the 
bombs and shells exploded as intended, some did not. An US intelligence report following the capture of Kwajalein 
Atoll, Marshall Islands, by US forces indicates that approximately 50% of the naval shells failed to detonate on impact.  

21. Multiple missions to remove the remaining ordinance were undertaken following the war. However, despite numerous 
efforts, not all ordinance has been discovered and removed. Discovery and clearance of ordinance in the Marshall 
Islands continues, for example in 2016 Golden West Humanitarian Foundation destroyed UXOs on Mili and Wotje in 
20166. 

1.4 MARINE ENVIRONMENT 

22. The RMI is formed of coral atolls and as such are characterized by calmer sea conditions on the lagoon side shores 
and larger swells and rougher condition on the ocean side shore. The coastal marine environment in the Marshall 
Islands hosts a range of fauna ecosystems: 

¶ Seagrass community and meadows 

¶ Supratidal and intertidal 

¶ Sandy areas of the intertidal and subtidal zones 

¶ Coral reefs 

                                                           
4 Spennemann, D.H.R. (2005). Is Unexploded World War II Ammunition Abandoned Property? Journal of South Pacific Law. Vol 9 Issue 2. 
5 Spennemann, D.H.R. (2005). Is Unexploded World War II Ammunition Abandoned Property? Journal of South Pacific Law. Vol 9 Issue 2. 
6 https://marshallislandsjournal.com/?p=3451 
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¶ Reef holes, artificially quarried and bombed 

¶ Sea surface, lagoon water column, open water 

¶ Deep water. 

23. The Marshall Islands has a total of 2,131,000 km2 of Exclusive Economic Zone (EEZ), of which 0.009% is land. Marine 
species make up most of the biodiversity. The coastal marine environment has a diverse range of fauna species. 
There are over 1000 species of fish, 1600 of mollusc species, and more than 250 species of algae and stony coral 
and is home to endangered species including blue whales, sperm whales, leatherback turtles and the hawksbill turtle.  

24. Five turtle species are known to occur in the Pacific region (Table 3).  

Table 3 List of marine turtles (IUCN) 

Common Name Scientific Name Status 

Green  Chelonia mydas Endangered 

Hawksbill  Eretmochelys imbicata Critically Endangered 

Olive ridley  Lepidochelys olivacea Vulnerable 

Leatherback  Dermochelys coriacea Vulnerable 

Loggerhead Caretta caretta Critically Endangered 

25. Green turtles are the only common species of turtle which nests in RMI, while hawksbill turtles are considered rare.7 
Nesting season normally takes place from May to November. The main nesting sites are Bikar, Erikub and Jemo, with 
minor nesting sites in the atolls of Bokak, Ailinginae, Rongerik, Bikini, Wotje, and Taka.  

26. Coral reef ecosystems in RMI provide key ecosystem services, including food, to the Marshallese people. The 
condition of the reefs, particularly in the less populated islands, has a major positive impact on sustainable livelihoods, 
including fisheries. 

27. Live coral reef cover is a useful indicator of the overall state of the inshore ecosystems. Coral cover provides an 
indirect measure of land-use impacts and erosion, fishing pressure, relative sea surface temperature (SST), presence 
of disease and predators like the crown of thorns starfish, and mechanical damage from anthropogenic sources or 
natural phenomena like typhoons.  

28. Variations in coral cover trends show higher coral cover in rural atolls, compared to urban atolls. However, overall 
coral cover in RMI is considered to be relatively healthy. High species diversity indicates the coral reef ecosystems 
are intact and healthy.  

29. Fisheries play an important part in RMIôs economy.  

1.4.1 Marine Ecosystem Management 

30. The Marshallese people are reliant on reef fishing for subsistence. Reef fisheries target both reef fish and invertebrates 
(e.g. crustaceans, clams, sea cucumbers and trochus). Thus, healthy reef systems are critical. 

31. The Marshall Islands has a unique management regime where traditional and modern styles are integrated to manage 
and conserve the nationôs marine resources. There are 63 marine managed areas covering about 70% of reef area in 
the RMI. Most of the areas are yet to have proper management plans. Integrated management of marine and terrestrial 
systems through a community-based approach implementing the Reimaanlok (National Framework for Conservation 
Area Planning), a framework developed in 2008 

32. There are two designated Ramsar sites in RMI (Figure 3) - the Jaluit and Namdrik atolls, with a combined area of 
11.38 km2 and some of the most diverse wetland in RMI. These sites were declared Ramsar sites for a number of 
reasons, including hosting a breeding population of critically endangered hawksbill turtles, the coconut crab and other 
rare species. Namdrik Atoll is one of the smallest, with an enclosed lagoon that cannot be accessed by boats. It is one 
of a few atolls which support mangroves and other native endangered species, as well as the critically endangered 
hawksbill turtle. Jaluit Atoll also has mangrove systems and supports a range of endangered and critically endangered 
species. 

                                                           
7 Maison, K.A., Kinan Kelly, I. and K.P. Frutchey. 2010. Green Turtle Nesting Sites and Sea Turtle Legislation throughout Oceania. U.S. Dept. Commerce, 
NOAA Technical Memorandum. NMFS-F/SPO-110, 52 pp 
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33. Active management of the Ramsar sites is limited by distance and budget limitations. Both Ramsar sites have local 
management plans that are managed by the local government with support from the RMI EPA office. 

 

Figure 3 Ramsar wetlands in RMI 

34. In 2011, the RMI declared its entire Exclusive Economic Zone a shark sanctuary, banning all activities associated in 
harvesting sharks and body parts for commercial purposes. The tuna fishery is overfished. 

1.4.2 Marine Environment Proximate to Ports 

35. The following provides an overview of the benthic ecology study undertaken as part of the work. Full details are 
included in Annexure C. 

1.4.2.1.1 Methodology 

36. A number of factors dictated the methods used to describe the benthic marine environment within and adjacent to the 
areas of the proposed physical investments.8 Because of the extremely tight timelines for the work (both in terms of 
field work, and also reporting) and the fact that associates of various levels of professional ability were engaged locally, 
we employed a simple photographic technique to document benthic environments, that employs easy to use 
waterproof cameras (most GoPro Hero 7) taking unframed quadrat photographs along randomly placed 30m transects 
at within and adjacent to Ports. These photos are then analyzed using órandom point countô methodology, which is a 
common method to enumerate community/habitat statistics in a variety of fields of biology,9 and is commonly used for 
coral reef habitats.10 This method allowed many sites to be assessed using basic habitat descriptors. The broad 
overview of marine benthic habitats this method produces is by no means a comprehensive biological/ecological 
inventory and should only be used for semi-quantitative descriptive purposes rather than representing a current 
biological baseline dataset. 

                                                           
8 Hoek, Christiaan; Mann, David; Jahns, H.M. (1995), Algae: An Introduction to Phycology. Cambridge University Press. p. 434. ISBN 978-
0-521-31687-3 
9 Kohler, K.E. and Gill, S.M., 2006. Coral Point Count with Excel extensions (CPCe): A Visual Basic program for the determination of coral 
and substrate coverage using random point count methodology. Computers & Geosciences, 32(9), pp.1259-1269 
10 Carleton, J.H. and Done, T.J., 1995. Quantitative video sampling of coral reef benthos: large-scale application. Coral Reefs, 14(1), pp.35-
46 
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37. At Delap, Uliga, Ebeye and Jaluit the site was assessed both from satellite photographs and in situ. At each port the 
site was assessed both from satellite photographs and in situ. Survey sites were selected for data collection to assess 
the benthic environment based on both proximity to the physical investments (directly around ports) and adjacent to 
ports, based on the variety of habitats present (i.e. deep channels, fringing reef slopes, reef flats, intertidal areas etc.). 
At each site up to four divers (or a single snorkeler) were deployed. The diver/snorkeler randomly placed the start of 
a 50m surveyors measuring tape on the bottom and deployed 30m of tape in a random direction. The diver (or a 
second diver) then swam along the transect length, taking 8-15 photographs of the seafloor from directly above the 
transect tape with the transect tape in-shot. This was performed 4-8 times per site, depending on the number of 
personnel available. At Yap different cameras to the GoProôs were used, which resulted in higher resolution 
photography, but a more limited field of view. Hence at this site, more photos were taken and analyzed than at other 
sites, but ultimately less benthic habitat was sampling due to the field-of-view restriction.  

38. Photos were analyzed using the program CPCe,11 which allows users to correctly spatially scale photographs 
according to known measures (in this case the surveyors tape). The program then has an algorithm to place random 
points within a pre-defined area, and database functions that allow the user to catalog the benthic habitat 
category/taxonomic group under that data point. For this study, photographs had a quadrat (square area of predefined 
dimension) defined based on as large an area as practical given the field of view of the photograph (for YAP, usually 
around 40 ï 70 cm2, for all other ports usually 1 m2). Within each quadrat a point was placed at random in each 10cm 
column of the quadrat, and the user then recorded the benthic habitat category/taxonomic group at this point. Habitat 
categories and taxonomic groupings used to record data for this report are provided below in Appendix 1. 

39. After data was collected for each site, data were summarized per transect such that descriptive statistics (means, 
standard deviations, standard errors) were generated across transects. Benthic habitat data is presented in graph and 
table form however all data (photographs, CPCe outputs) is available in electronic appendices. 

Delap 

40. Delap Port is on the leeward, southern lagoon shore of the large Island on the eastern corner of Majuro atoll. The 
benthic habitat is predominately macro-abiotic at the main operational area (the northern facing dock), consisting 
mostly of coarse sand, bare rubble and litter/refuse, with sparse visible epiflora or fauna. This area rapidly changes to 
deep lagoon habitat to the north via a sandy slope. The area immediately to the east of the port dock is also an 
operationally busy area with a shallow lagoon benthic habitat: abundant macroalgae (å30% cover) sparse individual 
hard coral colonies, and coarse sand. To the west of the port the benthic habitat transitions from a deeper lagoon 
environment to a fringing reef flat environment, although mostly consisting of algal turf covered hard substrate with 
sparse hard coral cover. A quantitative description of the benthic habitats around and immediately adjacent to the port 
is presented in detail below. The port area appears to already be impacted by industrial activity, given the prevalence 
of industrial and domestic waste on the seafloor. The proposed project appears to pose little threat to the existing 
marine benthic environment, however some general recommendations, revolving around pollution management are 
provided considering the likely industrial operations associated with the project and as a result of potentially increased 
future port capacity and/or use. 

Uliga 

41. Uliga port is situated on the leeward eastern lagoon shore of the large Island on the eastern corner of Majuro atoll. 
The benthic habitat around the north and west of the dock is predominately a mix of macroalgae beds on coarse sands 
with large sandy spaces and sparse visible epiflora or fauna, transitioning via a steep slope to deep lagoon habitat to 
the west. To the east of the dock, in-between the dock and land, the benthic environment consists of a small reef 
among coarse sand. To the south of the dock, the habitat transitions from deep lagoon to shallow lagoon abutting 
fringing reef slope and flat to the island shore. The shallow lagoon here is predominately biotic habitat consisting 
mostly of macroalgae and algal turf on hard substrate, with some in between coarse sand and sparse individual hard 
coral colonies. The reef slope to the south-east has relatively high coral cover in a small area (å35% cover) and 
abundant algal turf on hard substrate. A quantitative description of the benthic habitats around and immediately 
adjacent to the port is presented in detail below. The port area appears to already be impacted by industrial activity, 
given the prevalence of industrial and domestic waste on the seafloor. The proposed project appears to pose little 
threat to the existing marine benthic environment, however some general recommendations, revolving around pollution 
management are provided considering the likely industrial operations associated with the project and as a result of 
potentially increased future port capacity and/or use. 

                                                           
11 Kohler, K.E. and Gill, S.M., 2006. Coral Point Count with Excel extensions (CPCe): A Visual Basic program for the determination of coral 
and substrate coverage using random point count methodology. Computers & Geosciences, 32(9), pp.1259-1269 
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Ebeye 

42. The dock at Ebeye is on the leeward, lagoon shore of Ebeye Island on the southern corner of Kwajalein atoll. The 
depth around the main operational port area (the western side of the dock) is around 12-17m, which falls away rapidly 
to the west to deep lagoon, sandy bottom habitat. The existing benthic habitat at the main operational area and to the 
north of Ebeye port predominately consists of both macroalgae (Halimdea sp. meadows) and macro-abiotic substrate 
(mostly coarse sand, bare rubble and litter/refuse) with sparse visible epifauna. The area immediate south and SSE 
of the port is a shallow lagoon area abutting the western shore of Ebeye Island. The shallow lagoon area is where the 
substrate transitions to higher algal turf cover and there is also sparse hard coral cover of å<5%. A quantitative 
description of the benthic habitats around and immediately adjacent to the port is presented in detail below. The area 
appears to already be impacted by industrial activity, given the prevalence of industrial and domestic waste on the 
seafloor. The proposed project appears to pose little threat to the existing marine benthic environment, however some 
general recommendations, revolving around pollution management are provided considering the likely industrial 
operations associated with the project and as a result of potentially increased future port capacity and/or use. 

Jaluit 

43. The port at Jaluit is situated on the leeward, lagoon shore on the southern corner of Jaluit atoll. Excepting the fringing 
reef around 80m to the NNW of the port, its benthic habitat is predominately macro-abiotic, consisting mostly of coarse 
sand with sparse visible epiflora or fauna. The area immediately to the west of the port dock has < 10% biotic substrate 
cover and recedes westward into deeper lagoon habitat. The benthic habitat immediately north of the port consists of 
small sandy channel which meets a shallow fringing reef habitat abutting the western shoreline of Jaulit. The fringing 
reef slop is dominated hard substrate with algal turf and relatively high hard-coral cover (å36%). The shallow lagoon 
to the south and east of the port dock consists mostly of coarse sand, however sparse hard coral colonies are present 
(å10% cover).  A quantitative description of the benthic habitats around and immediately adjacent to the port is 
presented in detail below. The port area appears to already be impacted by port and maritime activity, given the 
prevalence of industrial and domestic waste on the seafloor. The proposed project appears to pose little threat to the 
existing marine benthic environment, however some general recommendations, revolving around pollution 
management are provided considering the likely industrial operations associated with the project and as a result of 
potentially increased future port capacity and/or use. 

Wotje 

44. Wotje was not visited by the ESMF consultant team due to logistical issues (airstrip was closed and therefore no flights 
were possible). See Annexure D for overview information collected by DIDA surveillance visit in early March 2019. 

Arno 

45. Arno was not visited by the ESMF consultant team due its late inclusion in the project.   
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Figure 4 Representative photos of the benthic environment of each surveyed site at Delap Port  
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Figure 5 Some representative photos of the benthic environment of each surveyed site at Uliga Port.  
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Figure 6 Representative photos of the benthic environment of each surveyed site at Ebeye Port 
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Figure 7 Representative photos of the benthic environment of each surveyed site at Jaluit Port 
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MARINE WATER QUALITY 

Methodology 

46. Water quality samples were collected at a range of sites for each port. A YSI Pro DSS unit was used to collect the 
samples. The water quality equipment located the site using GPS technology and collected the following parameters 

¶ Barometer (mmHg) 

¶ Temp (°C) 

¶ Cond (µS/cm) 

¶ Sp Cond (µS/cm) 

¶ Sal (psu) 

¶ nLFCond (µS/cm) 

¶ TDS (mg/L) 

¶ Resistivity (ohms-cm) 

¶ Sigma-T (s t) 

¶ Sigma (s) 

¶ ODO (% Sat) 

¶ ODO (mg/L) 

¶ ODO (ppm) 

¶ pH 

¶ pH (mV) 

¶ ORP (mV) 

¶ Turbidity (FNU). 

47. All samples were taken at a depth of 6 meters for consistency. 

48. Sample sites were as follows: 

¶ Majuro ï fifteen (15) sites; 

¶ Ebeye ï six (6) sites; and 

¶ Jaluit ï fourteen (14) sites (north and south Jaluit). 

49. Data was logged on the YSI Pro DSS and then transferred into an excel spreadsheet. Full data for all ports is contained 
within Annexure Two of the ESMF. 

Majuro 

50. Delap Port is located on an area of reclaimed land while Uliga is a concrete structure on the inside of the eastern side 
of the lagoon.  

51. Water quality was sampled at fifteen (15) locations around Delap and Uliga as well as sampling near Kramer Port. 
Temperature was very consistent across the whole area and ranged from 28 OC to 28.2OC. Conductivity was similar 
across all sites. Total dissolved solids was similar across sites with sites seven (7) and fifteen (15) being slightly 
elevated in comparison to the majority of sites (range between 0.67 and .75 FNU).  

52. Oxidation-Reduction Potential (ORP), which is a measure of the cleanliness of the water and its ability to break down 
contaminants was significantly different across all sites. As an example, site 1, which was taken immediately behind 
a carrier vessel was -4.4. At one site in proximity to Kramer Port, the ORP was 29.1 (site four (4)). Around Delap port, 
the ORP was again low at 43.5 (sites seven (7) and eight (8)), while near Uliga, ORP was much higher range between 
84.8 and 100.3. This could be explained as a result of the significant weather (winds of > 25 knots) and swells of up 
to three (3) meters during the sampling period. 
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53. Marine water quality sampling sites for Majuro are shown in Figure 10. 

Ebeye 

54. Water quality was sampled at nine (9) locations within the embayment. Water temperature varied across the nine sites 
sampled with site 1 having higher temperature (29.6OC) while sites 3, 4 and 7 had water temperatures of 28.8OC. 
Oxygen saturation was highest at sit 1 (108% and only 83% and site 8 which could be a result of water circulation. 
Sites 8 and 9 had much higher turbidity (5.07 and 5.42 FNU) in comparison to other sites, although site 6 immediately 
adjacent to the port had a turbidity reading of 3.51FNU. Other variables were similar across all sites. 

55. Marine water quality sampling sites for Ebeye are shown in Figure 9. 

Jaluit 

56. Water quality was collected at both north and south Jaluit (fourteen (14) sites in total. A range of sites were surveyed 
as part of the water quality sampling, including what could be considered unimpacted sites versus sites in proximity to 
the port and small vessel area.  

57. Water quality across the six sites in north Jaluit was sampled as the team was investigating a potential additional port 
that could have been included in the MIMIP. Temperature at the sites was fairly consistent (28.3 OC ï 28.4 OC). Most 
parameters were fairly similar, although ORP at site one was significantly higher, while site 3 was significantly lower 
than the other four sites. Marine water quality sites for Majuro are shown in Figure 10. 

58. With respect to South Jaluit, water quality samples were collected at eight sites. Temperature was consistent fairly 
consistent (28.5 OC ï 28.7 OC). Likewise, conductivity was very similar across all sites as was oxygen saturation and 
availability. pH varied with a range between 8.06 and 8.23. Turbidity was slightly higher inshore which is to be 
expected, although it was still low at only 0.62 FNU.  

59. ORP was significantly different across the sites. Site nine (9) had an ORP reading of -12.9mV and sites 8 (0.9mV) and 
14 (17.4) were very low. By contract, site ten (101.6mV) and eleven (92.5mV) were very high. Marine water quality 
sites for south Jaluit are shown in Figure 11. 
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Figure 8 Marine Quality Sites in Majuro 








