
SECTION 5 
environmental baseline conditions

Physical Environment

5.1 Environmental Baseline 

The Guayaguayare Bay has been used for many years as a route of entry for the landing of various oil and natural gas pipelines from offshore platforms in the area. This has occurred in the absence of an understanding of the dynamics and interaction of the biological, physical and soicio-cultural aspects of the environment. This is especially relevant in an area which may possess sensitive environmental ecosystems and which has supported a thriving fishing community for years. This section therefore attempts to identify and quantify the current conditions (i.e. a baseline) and impacts of developments over the years on the Guayaguayare Bay. 

The overall purpose of this baseline assessment will provide the required data to assess the current environmental status of the Bay and provide a benchmark for future monitoring of potential environmental impacts. It is therefore intended that this project will provide the necessary tools for informed decision making regarding the Guayaguayare Bay

5.2 Information Sourced 

The information presented in this document was sourced from reviews of existing data from literature, journals, newspapers, industrial and energy sector environmental reports and interaction with residents. Also an extensive data collection programme was executed in support of this project. Information was also obtained from relevant government agencies.

5.3 Defining the Study Area

For the purposes of this EIA the immediate study area was defined as extending 1km inland from the Galeota Point and 1km buffer from the pipeline route in all directions. The wider study area was defined as a 2km buffer along the coast of the Guayaguayare Bay and the entire bay area extending to 1km past the SPM bouy.    

5.4 
Physical Environment 

5.4.1 Roads

The road infrastructure is best developed along the coast with one major road leading from Pierreville, Mayaro near to the coast approximately 0.75 kilometers from the beach and getting as close as 0.25 kilometers from the sea as the road progresses further south nearer to Point Galeota and Guayaguayare Bay. There are a few minor roads leading north and south of the major road but those to the north do not extend very far. The Mayaro Guayaguayare Road is along generally flat land in the study area especially along the Guayaguayare Bay area and along the east coast north of Point Galeota. The road from Rustville village heading northwest into the oilfield areas are on more undulating ground but still generally flat. There is no access road south of Rustville Village along the coast toward St. Hilaire River and Gran Caille Point at the southwest end of Guayaguayare Bay.

5.4.2 Vegetation

The vegetation along the coastal areas east and south of the major Mayaro Guayaguayare Road consists mainly of coconut trees, grasses and small shrubs except for areas where the rivers meet the coastline. At the river mouths and for some distance inland where the tidal influence creates a brackish water environment, mangrove vegetation is common. In some cases along the coast erosion by wave action is causing a recession of the coastline and attrition of mangrove vegetation near the estuaries. This was observed near the Point Galeota area.  Vegetation east and north of the major road consists of grasses, shrubs, coconut trees and some forested hardwood trees, especially on the higher ground and near the watercourses. Further details of vegetation are described under other sections of this report.
5.4.3 Topography & Drainage

The topography of the Guayaguayare Bay is shown in Figure 5.1 below. This map shows the water courses and elevations in the Guayaguayare area. 
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Figure 5.1: Topography of the Study Area

5.4.4 Elevation, Water Courses And Catchment Areas.
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Figure 5.2: Elevations, Water Courses & Catchments

Analysis of the map shown in Figure 5.2, shows that the rivers in the area drain towards the sea in two major directions. The rivers north of Point Galeota in the eastern part of the study area drain to the eastern shoreline from the high ground and catchment areas to the west and northwest. The catchment area is on the southeast flank of the northeast trending Lizards Spring Maloney anticline.  

The major rivers are the Stonebright – Lagoon River, Palmiste River, La Brea River and Navette River. In this eastern area, the ground is generally between zero (0) to thirty (30) meters above sea level. The head waters of the rivers are in areas just over 30 meters high.

The rivers which drain into the Guayaguayare Bay have their headwaters in the catchment areas to the northwest. The major rivers are the Lizard River, the Pilote River and the St. Hilaire River.  The Lizard River has its head waters in the catchment areas on the south flank of the Lizards Springs – Maloney anticline. However the Pilote and St. Hilaire Rivers start in the Trinity Hills of the Southern Range anticline and rain to the east towards the Guayaguayare Bay. The highest point in the catchment areas is the Guayare Hill which is 203 meters high. The Trinity Hills are 200 meters high. The ground level is on average less than 30 meters high inland from the bay to between 0 – 30 feet above sea level in the lower parts of the rivers nearer to the bay shoreline.
5.5 Regional and National Geology

Trinidad is a recent geological island by Caribbean standards.  At the end of the Cretaceous period (approximately 100 million years ago) earth movements produced folds in submarine areas where rivers flowing out of the Guiana Highlands deposited thick bands of sediments.  These folds produced three separate islands, which are now the Northern, Central and Southern Ranges.  Sands, clays and some limestone were deposited in the shallow seas between these islands during the Tertiary Period (50 to 25 million years ago).  Subsequently these areas were uplifted above water level.  In Recent Period (10 000 years ago) Trinidad broke off from the South American continent and the island has been subjected to further uplifting (<10 000 years) as evident by the presence of river terraces, the result of lifted flood plains.

Trinidad is located on the southern extent of the Caribbean Plate at the intersection of the South American Plate, Atlantic Plate and Caribbean Plate (Figure 5.3).  The Atlantic Plate is believed to be moving towards the Caribbean Plate.  These two plates are said to be convergent with the Atlantic plate being submerged below the Caribbean Plate at a rate of 3-4 centimeters a year (Macpherson, 1982).  Where these two plates touch, pressure builds up and is released through sudden movement of the plates (an earthquake).
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Figure 5.3:
Tectonic Elements of the Southeast Caribbean (Spedd 1985)

The Caribbean Region is seismically active with several centers of earthquake activity (Figure 5.3).  Trinidad, including the West Coast (on-land and offshore areas), is seismically active with many earthquakes recorded between 1990-1992 (Shepherd, 1993) especially in the offshore sections.  Published seismic data showed a concentration of seismic activity in the west and northeast coasts of Trinidad. Earthquake magnitude varies from less than 2.0 to 6.0 on the Richter scale.  

Of greatest significance to Trinidad’s economy at present is the existence of hydrocarbon accumulations.  The main belt of deposits is associated with the Southern Basin and oriented in an east-west direction.  These deposits include accumulations of oil and natural gas. Figure 5.4 shows the general bathymetry off the south east coast of Trinidad as well as the location of fault lines and oil and gas fields. 
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Figure 5.4: Bathymetry, Fault lines and Oil & Gas Fields 

5.6 Site Geology & Hydrogeology 

5.6.1 Stratigraphy 

The lithologies of the formations outcropping in the area are shale, clay, silt, sands and sandstone. The lithology varies with stratigraphic age, with greater sand content in the younger formations. The stratigraphy of the study area is typical for the southeast corner of Trinidad where sediments were deposited by the Proto Orinoco River delta which prograded eastwards to the offshore area. The formations outcropping in the area are different from those further west in the Moruga area based on facies variations related to environments of deposition and inherent paleoecological differences. The stratigraphy and related ages of the formations are shown in the chart below. The sediments were deposited in environments ranging from shallow water to inner shelf neritic environments. The formations are generally sand rich except for the Palmiste Clay formation, which occurs over a large area trending north – south. The formations outcropping in the area range from Upper Miocene age Lower Gros Morne Formation to the Early Pliocene age Palmiste Formation. 

A stratigraphic chart is shown in Figure 5.5 below:
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Figure 5.5: Stratigraphic Chart of Guayaguayare Bay Area

5.6.2 Surface Geology

The formations outcropping in the area range in age from Upper Miocene to Early Pliocene and are within the Moruga Formation. The older formations occur in the core of the Marcel Valley Wrench Fault Zone which trends West – East along a band west of Guayaguayare Bay and is interpreted to extend across the Bay into the area of Point Galeota. The older Lower Gros Morne sands and shales have been uplifted along this wrench fault zone. The younger formations dip away from the core of the fault zone to the north and south. The dips are approximately 30 degrees to the north and south. The beds are well exposed along the coastal cliffs of the east coast and along the coast of the Guayaguayare Bay.
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Figure 5.6: Legend For Surface Geology Map
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Figure 5.7: Surface Geology Map Of Area Of Study

        
 (H.G. Kugler 1959, modified by J.B. Saunders, 1997)

5.6.3 Lithology

The formations in the area fall within the Moruga group which comprises mainly a monotonous sequence of well bedded generally fine to very fine grained, shaly sands and sandstones with interbedded silts and occasional clays. Plant leaves, lignite beds, thin shell beds, ripple markings and sedimentary slump features are more common in the upper part of the series which is represented by shallow water near shore environment as suggested by lithologic, faunal and sedimentary associations.

The Upper Gros Morne Formation (10A-c) consists of sands, silts and shales with the sands forming the main producing reservoirs in the Beach Oil Field and Marcelle Valley Oil Field. The sands occur with occasional thin interbedded silts and clays. The total thickness of the Gros Morne member is approximately 4500 feet. Lower Gros Morne Formation does not outcrop in the area. The porosity of the Upper Gros Morne sands range from 14 – 34 percent with an average porosity of 22 percent.  Permeabilities of the sand range from 10 – 520 millidarcies with an average of 65 millidarcies. Oil has been produced from the Gros Morne sands in the Beach Field area close to Guayaguayare Bay area. The oil gravity ranges from 15 – 40 degrees API with an average of 34 degrees API.

The St. Hilaire Silt member (10A-b) outcrops along the St. Hilaire River valley and drains west to east into south western part of the Guayaguayare Bay. This formation consists of well bedded grey silts, often carbonaceous, with occasional thin sands. The approximate thickness is 2000 feet.  

The Trinity Hill Sands (10A-a) are part of the Moruga Formation which overlies the St. Hilaire Silt member and the Upper Gros Morne. This formation outcrops in the Point Galeota area and on the flanks of the Marcel Valley uplifted fault zone along Gros Morne Hill. The north flank outcrops extends to the Guayaguayare Bay area and continues submarine to the Point Galeota area where it is exposed along the coast. The south flank outcrops on the southern tip of the Guayaguayare Bay at Gran Calle Point and extends further inland to the Trinity Hills.

The Mayaro Formation comprises the Lawai Clay (9b) and the Mayaro Sand (9a). The Lawai Clay (9b) is part of the Mayaro Formation and represents a marine transgression above the Gros Morne formation. This clay outcrops in a thin band south of the Mayaro sand and outcrops along the beach on the east coast. Similar outcrops are found further inland in the Pilot Syncline area.  

The Mayaro Sands (9a) are massive with some interbedded silts and dip 30 degrees to the north. This formation represents a sequence which was rapidly deposited in shallow marine conditions. This formation outcrops along the east coast and in a north – south band further inland

The Palmiste Formation consists of the Palmiste Clay (8A-b) which outcrops onshore and the unexposed upper part of the Palmiste formation which is found offshore in wells. The Palmiste Clay represents a marine transgression during the Early Pliocene and is mainly a transgressive clay which outcrops along the east coast and in a band from north to south with a small outcrop area along the Guayaguayare Bay.

A surface geology map of the area was digitized and included as an attachment to this report.
5.6.4 Geological Cross Sections

The structure of the formations in the subsurface and surface is shown in two (2) cross sections traversing from north to south into the Guayaguayare Bay area.

The first section (A-A’) is a north to south cross section taken from H. Kugler’s compilation. It shows the beds of the St Hilaire Silt Member and the Trinity Hill Sand dipping approximately 30 degrees south of the projected Marcel Valley Fault. The Mayaro Sands dip to the north in the Pilot syncline where the Palmiste Clay outcrops.

The second section (B-B’) traverses the Marcel Wrench Fault and uplifted zone in the area of Petrotrin’s Beach and Marcel Valley Oil Fields. The outcrops south of the fault dip approximately 30 degrees to the south with the youngest formations outcropping south. The outcrops to the south are uplifted relative to the outcrops north of the fault zone where the younger formations are preserved in the Pilote Syncline area.  

The formations to the north in the Pilot syncline are the sand rich Mayaro sands and the Trinity Hill sands. Both sections are shown below (Figure 5.8 & 5.9).



Figure 5.8: Section A-A’


[image: image6.jpg]LIZARD

CHANNEL
SYNCLINE

COLUMBUS

GROS MORNE
DIAPIRIC RIDGE

SYNCLINE

PILOTE

SPRINGS
ANTICLINE

N30'E

SEA LEVEL

oY
:
.
<
>
S
o

W
S &
o G.113 e
G.33

\ G.123
(proj.)

.339

—
Sy
~

G.127
G.27 G.10]1G.77

- N3'W





Figure 5.9: Section B-B’

5.6.5 Soils in the Study Area

The soils of the Guayaguayare Bay Area are outlined in the Soil Map produced and printed by the Surveys Division of the Government of Trinidad and Tobago in 1972. The area is covered by two (2) sheets, sheets 66 and 76. However, to date only one (1) sheet (Sheet 76) has been obtained for evaluation in this study. Sheet 76 covers the areas around the Point Galeota and the area west of the Guayaguayare Bay.
Generally, the parent rocks contribute to the mineral fabric of the formation soil. The most common rock types are sands, composed of quartz (silica) grains and clays (or shales) composed of rather complex silicates, the clay minerals. These in various proportions must inevitably be the predominant soil substance.
There are two (2) general classes of soils:

1. Primary Soils – those in direct continuity through the subsoil with their parent rocks.

2. Secondary or derived soils which may have been removed from the site of their original sub soil formation – such as terrace and alluvial deposits. These soils because they are mixed in origin, have better properties.
Sands and sandstone formations give rise to sandy soils. Clays and shales give rise to clayey soils. The sandy soils are very porous with good drainage and the clayey soils are inadequately drained. Where the formations consist of inter-layered sands and clays in varying proportions, the soils are quite satisfactory mixtures. A soil may have variable texture – it may either be sand, loam, silt or clay textured.
5.6.6 Soil Groups And Descriptions

The soils of the study area are shown in the figures below which were taken from the Government Survey map. This survey shows that the area has six (6) basic groups of soils, namely:
A1 Soil Group – This Deep Cultivated Beach Sand soil is associated with sand lithology along the beach with free internal drainage, is No.1 AO on the soil map or Cocal sand and is found along the beaches of the Guayaguayare Bay and in a north south band west of the Pilote River. The vegetation associated with this soil is coconuts. 

A2 Soil Group – These are Deep Hydromorphic soils associated with a clay lithology in an area of impeded drainage. This soil is classified as No.15 AO on the soil map and is found in the Point Galeota area and west of Guyaguayare Bay, (Caroni Peaty Clay soil).

The vegetations associated with this soil are swamp sedges and mangrove.

A3 Soil Group – This group is classified as Deep Alluvial Soils with free internal drainage. The Schooners Loamy Sand soil is associated with a sandy clay alluvium lithology in areas of free internal drainage. This soil is classified as No.125 on the soil map. This soil is found west of Guayaguayare Bay. The vegetations associated with this soil are coconuts, cocoa, vegetables and forest.  Another soil within this A3 group is the Poui Fine Sandy Loam categorized as No. 21 on the soil map. The vegetations associated with this soil are forest, small areas of poor vegetables and coconuts.

A4 Soil Group - These are Deep Alluvial Soils with restricted internal drainage and are associated with Clay Alluvium litholgy. This soil is classified as No. 35 on the soil map. The vegetations associated with this soil are cocoa, coffee, vegetables and forest.

C1 Soil Group – These soils fall within the group Soils of the Intermediate Uplands associated with free internal drainage. The Mayaro Loam Fine Sand soil in this group is associated with a sandstone lithology. It is categorized as No. 63 on the soil map in the Point Galeota area. The vegetations associated with this soil are cocoa and bananas. This soil is No. 575 in the area west of Guayaguayare Bay. The vegetations associated with this soil are cocoa, coffee, citrus, vegetables, bananas and secondary bush.

C2 Soil Group – This soil group is categorized as Soils of Intermediate Uplands with restricted internal drainage and is classified as Guayaguayare Clay or No. 975 on the soil map The Moruga Fine Sandy Clay soil is associated with a mixed shale lithology. This soil is found both in the Point Galeota area and west of Guayaguayare Bay. The vegetations associated with this soil are coconutsand some vegetables.  In the West Guayaguayare Bay area, this soil is also identified as No. 75, the St. Maries Clay associated with a sandy clay shale litholgy in an area of imperfect drainage. The vegetations associated with this soil are coconuts, moderate cocoa and vegetables.  There are also other soils present in the area under this category such as the No. 177 Talparo Clay soil. The vegetations associated with this soil are cocoa, citrus, coffee, bananas, vegetables and forest.
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Figure 5.10: Soil Map of North Guayaguayare Bay Area

[image: image8.emf]SOIL MAP OF WEST GUAYAGUAYARE BAY AREA  Fig. 2


Figure 5.11: Soil Map of West Guayaguayare Area
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Figure 5.12: Soil Map North of Point Galeota Area

5.7 Geotechnical Survey 

Fugro conducted a geotechnical investigation comprising a combined onshore and offshore program for the bpTT NOEL Project to aid in the design, routing and construction of the proposed pipeline. The objective of the study was to determine near-surface detailed soil stratigraphy and properties for the proposed pipeline route. To accomplish this objective, the following tasks were performed:

1. Two onshore soil borings were drilled to depths ranging from 54.3m (178.2ft) to 57.4m (188.3ft) penetration below the ground surface to explore the subsurface stratigraphy and obtain soil samples for laboratory testing;

2. Four offshore soil borings were drilled to depths ranging from 17.0m (55.8ft) to 28.5m (93.5ft) penetration below the seafloor to explore the subsurface stratigraphy and obtain soil samples for laboratory testing;

3. Ten piston drop-cores were recovered to depths ranging from 0.2m (0.7ft) to 2.2m (7.2ft) penetration below the seafloor to explore the offshore subsurface stratigraphy and obtain soil samples for laboratory testing;

4. Field and laboratory tests were conducted on the borings and drop-core samples to evaluate pertinent index and engineering properties of the shallow soils; and 

5. Field and laboratory data were reviewed and analyzed to assess subsurface soil conditions and to develop geotechnical engineering recommendations to guide the design, construction and installation of the proposed pipeline.

5.7.1 Geologic Setting

The proposed pipeline route traverses portions of the continental shelf, which is part of the Columbus basin (Leonard, 1983). This basin is an eastern extension of the East Venezuelan Basin. The continental shelf is a broad, gently sloping platform extending from the coastline for a distance of approximately 96km (60 miles). In general, Trinidad and the Columbus Basin lie within a 250-km (155-mile) wide plate boundary zone that stretches from the Urica fault zone in Venezuela, northward to Grenada (Robertson and Burke, 1989). To the south of the Urica fault is the South American plate, which on the geologic time-scale, is moving westward relative to the Caribbean plate. Faults that formed in response to the movement of these two plates may be the source of numerous earthquakes that were recorded in this region. Two major structural trends characterize the Columbus basin: a series of east-northeast- trending anticlines and north-northwest-oriented normal faults.

The anticlines formed during the Miocene and Pliocene-Pleistocene Epochs (23 million to 10,000 years ago) in response to right-lateral fault displacement along the El Pilar and Los Bajos faults in northern and southern Trinidad, respectively (Leonard, 1983). Normal faults, trending north-northeast, formed in response to sediment loading from the southwest. The faults range from early Pliocene to late Pleistocene (5.3 million years to 10,000 years) in age and generally become younger to the east; Pliocene-Pleistocene deltaic deposits provided sediment loading and thickening across the faults.

Sediments within the Columbus basin and the vicinity of the proposed pipeline route were deposited primarily by the proto-Orinoco or proto-Esquibo deltas. These sediments were deposited under a variety of conditions ranging from non-marine to shelf-slope marine. The survey corridor is underlain by sedimentary strata several miles thick. Quaternary deposition (up to 2 million years old) is greater than 1,200-m (4,000-ft) thick in the Columbus basin (Carr-Brown, 1971); in general, Holocene (less than 10,000 years old) deposition in this region is limited to a thin veneer (less than 2-m thick) of calcarenitic clays and reworked Pleistocene sands.

In the vicinity of the proposed landfall, the geology consists of sections of the Gros Morne Formation (Farrelly, 1987). The Gros Morne Formation was deposited in shallow waters during the Pliocene Epoch resulting in an interbedded lithology of claystone, siltstone, and sandstone. Exposed outcrops of the Gros Morne along the coast are steeply dipping to the south at angles that range from 30 to as much as 80 degrees. The more competent beds are inferred to represent ridges at the seafloor in the marine portion of the proposed route. The Gros Morne Formation is burled by a thin veneer of recent coastal sediments at the proposed landfall area as well as the nearshore marine environment.

5.7.2 Field Investigations

5.7.2.1 Introduction

Our field activities related to geotechnical soil borings and piston drop-cores are discussed in the following sections. In general, soil borings were performed for the segment of the pipeline intended to be installed using HDD-type directional drilling techniques and piston drop-cores were performed for the segment intended to be trenched and infilled at the seabed.

We have included discussions of drilling methods, sampling methods, and borehole completion.

Detailed descriptions of the soils encountered in the borings and drop-cores completed for this project are presented on the boring logs on Plates 2 through 7 and the drop-core logs on Plates 8 through 17 in the Illustrations section. A key identifying the terms and symbols used on the logs are presented as Plate 18 in the Illustrations section.

5.7.2.2 Onshore Geotechnical Borings

Coordinates, elevations and final penetration depths (below the ground surface) of the two onshore soil borings are included in Table 5.1. 

Table 5.1: Onshore soil borings
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Geographical positions were confirmed at the completion of the boring program via GPS static surveys and are based on the WGS-84 spheroid. Grid coordinates are based on UTM Zone 20 projection.

Heights are referenced to height above Mean Sea Level (MSL). Fugro Trinidad conducted the static surveys utilizing a Trimble 4000SSE dual frequency GPS receiver and antenna logging data for at least three hours while simultaneously logging data at Fugro’s base station in Chaguaramas, Trinidad. The data was subsequently post-processed, positions calculated and survey QA/QC performed by a Registered Surveyor according to Fugro survey standards. 

Onshore Drilling Equipment and Procedures. 

Fugro personnel drilled the two onshore soil borings within the Galeota Complex with a Failing 1500 Drill Rig mounted atop a flat-bed trailer provided by Dumore Enterprises Ltd., of Oropouche, Trinidad. bpTT provided access to both boring locations. Boring B-1 was completed approximately at the proposed HDD entry point located adjacent to the fire fighting building parking lot immediately at the base of a large fill mound. Boring B-2 was completed within a bpTT maintained Nature Reserve bordering the Galeota facilities. It should be noted that B-2 was moved from its original proposed location approximately 24m (79ft) in accordance with Client’s request in order to minimize the environmental impact of completing the boring within the Nature Reserve.

The borings were performed using wet rotary techniques, with a drag bit attached to a 7.0-cm (2.75-in.)-OD drill pipe. Fresh-water gel was used as necessary to suspend and remove drill cuttings and to provide lateral pressure to support the sides of the boreholes. At the conclusion of each boring, the boring was sealed using a cement slurry tremied into the borehole.

Onshore Soil Sampling Equipment and Procedures. 

Samples were generally obtained using 7.0-cm (2.75-in.)-OD drill pipe at variable intervals to final penetration. In general, samples were obtained at semi-continuous intervals to 3m (10ft) below ground surface, 3m (10ft) intervals from 3m (10ft) to 40m (130ft) and at 6m (20ft) intervals thereafter to the completion depth. The sampling interval was occasionally changed to suit the drill string configuration and program objectives after consultation and approval of the onsite client representative.

Samples within the granular materials were typically obtained using the Standard Penetration Test (SPT) methodology. The SPT method consists of driving a 5.7-cm (2.25-in.)-OD thick-walled tube sampler driven into the soil using a 64-km (140-lb) hammer dropped 75cm (30in) and driven 30cm (12in) or to a maximum of 50 blows after an initial seating of 15cm (6in). Additional details of the SPT Method are contained in the ASTM D 1586 standards (ASTM, 2002). However, due to the very dense nature of the deeper granular materials in each borehole, a 5.7cm (2-1/4”)-OD thick-walled tube sampler was driven to a maximum of 50 blows to obtain samples below 30m (98ft) in Boring B-1 and below 24m (78ft) in B-2.

For cohesive soil samples, 7.5cm (3”) thick-walled tubes were pushed into the soil to a maximum of 30cm (12in) to obtain the sample. The short push was necessitated by the very hard nature of the cohesive material. Details of the drilling and sampling techniques for the onshore portion of the study are also included in Appendix A. The Summary of Field Operations for the entire investigation is presented as Plate A-1.

All of the samples were extruded from the sample tubes, examined and visually classified in the field by our field geotechnical engineer or geologist. Soil description and classification were performed in general accordance with ASTM procedures. Unit weight calculations were performed in the field for samples recovered from the onshore borings. After sample retrieval, representative portions of each sample were stored in special containers for shipment to our laboratory in Ventura, California for further testing.

5.7.2.3 Offshore Geotechnical Borings

The coordinates, water depth measurements and final penetration depths (below the seafloor mudline) of the offshore soil borings are included in Table 5.2.

Table 5.2:  Offshore Soil Borings
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Geographical positions are based on the WGS-84 spheroid. Grid coordinates are based on UTM Zone 20 projection. Water depths are referred to Chart Datum (roughly approximately Lowest Astronomical Tide [LAT] and equivalent to –0.82m Mean Sea Level) using data provided by bpTT from a previous geophysical report. Actual depths were recorded prior to commencing the boring by the driller and then corrected after the field program to Chart Datum by the Project Surveyor using the predicted tide tables published by The Government of Trinidad and Tobago. This data was used a confirmation for the water depth data previously provided by bpTT. Fugro Trinidad conducted the surveying utilizing STARFIX.HP Satellite Positioning System and STARFIX.NAV Navigation Suite. 

Offshore Drilling Equipment and Procedures. 

Fugro personnel drilled the offshore soil borings with a Failing 1500 Drill Rig cantilevered over the bow of the lift boat Miss Nevelyn. The Miss Nevelyn is owned and operated by Tucker Energy Services of San Fernando, Trinidad. The vessel typically jacked up out of the water at least 1.5m (5ft) above the prevailing waves to provide a stable drilling platform for the operations. Water depths were obtained prior to drilling using a weighted measuring tape and then verified by the drill pipe.

The borings were performed using wet rotary techniques, with a drag bit attached to a 7.0-cm (2.75-in.)-OD drill pipe. Salt-water gel was used as necessary to suspend and remove drill cuttings and to provide lateral pressure to support the sides of the boreholes. At the conclusion of each boring, the boring was sealed using a cement slurry tremied into the borehole prior to pulling the drill pipe aboard the vessel.

Offshore Soil Sampling Equipment and Procedures. 

Samples were generally obtained using 7.0-cm (2.75-in.)-OD drill pipe at variable intervals to final penetration. In general, samples were obtained at semi-continuous intervals to 3m (10ft) below ground surface, and at 3m (10ft) intervals thereafter to the completion depth. The sampling interval was occasionally changed to suit the drill string configuration and program objectives after consultation and approval of the client representative onboard.

Samples within the granular materials were typically obtained using the SPT methodology. The SPT method consists of driving a 5.7-cm (2.25-in.)-OD thick-walled tube sampler driven into the soil using a 64-km (140-lb) hammer dropped 75cm (30in) and driven 30cm (12in) or to a maximum of 50 blows after an initial seating of 15cm (6in). Additional details of the SPT Method are contained in the ASTM D 1586 standards (ASTM, 2002). However, due to the very dense nature of the deeper granular materials in each borehole, a 5.7cm (2-1/4”) thick-walled tube was driven to a maximum of 50 blows to obtain some of the recovered samples.

For cohesive soil samples, 7.5cm (3”) thick-walled tubes were pushed into the soil to a maximum of 30cm (12in) to obtain the sample. The short push was necessitated by the very hard nature of the cohesive material. Details of the drilling and sampling techniques for the onshore portion of the study are also included in Appendix A. The Summary of Field Operations for the entire investigation is presented as Plate A-1.

All of the samples were extruded from the sample tubes, examined and visually classified in the field by our field geotechnical engineer or geologist. Soil description and classification were performed in general accordance with ASTM procedures. Field strength tests (Torvane and Pocket Penetrometer), and submerged unit weight measurements were performed on selected samples and recorded in field sample description sheets. After testing, representative portions of each sample were stored in special containers for shipment to our laboratory in Ventura, California for further testing.

Water Depth Calculations. 

Water depths were estimated at the start of each boring with a weighted cable and wireline counter. Water depths were then measured by lowering the drill pipe to the mudline and calculating the distance from the mudline to the sea surface. These depths were subsequently corrected by Fugro Trinidad staff surveyors for tidal variations using the Predicted Tide

Tables for Guayaguayare Bay as issued by Trinidad and Tobago for the Year 2004, and compared to water depths provided by bpTT based upon previous studies performed at the site. Water depths were reduced in this process to Chart Datum (-0.82m below Mean Sea Level, and roughly approximating Lowest Astronomical Tide) using the Starfix.TIDE software and published tidal information from the government of Trinidad and Tobago.

5.7.2.4 Offshore Piston Drop-Cores

Soil conditions within the segment of the proposed pipeline intended to be trenched and reburied were explored using a piston-type drop corer. Sampling was performed using the 10-ton crane permanently mounted aboard the M/V Miss Nevelyn. At each sampling location the crane lifted the dropcore barrel from the drill pipe rack to a vertical orientation above the working deck, rotated out to a predetermined angle, distanced away from the jackup, and deployed the coring apparatus via the crane winch. Upon recovery, the process was reversed until the core barrel was again positioned horizontally in the pipe rack.

At each of the ten piston drop-core locations, two attempts were performed to recover at least 2m (6.7ft) of sediment. Samples recovered ranged from 0.2m (0.7ft) to 2.2m (7.2ft) below the mudline.

Designated drop cores commenced with DC-1 closest to shore and concluded with DC-10 closest to the existing SPM. For this investigation, of the two samples recovered at each sampling station, the sample with the greatest recovery and/or least disturbance was used to characterize soil conditions at that site, and the other sample was discarded.

Detailed descriptions of the soils encountered in the drop-cores obtained for this project are presented on the drop-core logs on Plates 8 through 17 in the Illustrations section. A key identifying the terms and symbols used on the logs is presented as Plate 18 in the Illustrations section.

Coordinates, water depth measurements and final penetration depths (below the mudline) of offshore soil borings are included in Table 5.3. In the table below, the suffix –A refers to the first attempt at the station, and the suffix –B refers to the second attempt. 

Table 5.3: Coordinates & Water Depths for Offshore Soil Borings 
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Geographical positions of piston drop-cores are based on the WGS-84 spheroid. Grid coordinates are based on UTM Zone 20 projection. Water depths are referred to Chart Datum (roughly approximately Lowest Astronomical Tide [LAT] and equivalent to –0.82m Mean Sea Level) and were derived from results of a previous offshore geophysical survey. Fugro Trinidad conducted the survey positioning utilizing STARFIX-SPOT Satellite Positioning System and STARFIX.NAV Navigation Suite. 

Drop-Core Soil Sampling Equipment and Procedures. 

Drop-core samples were obtained using a core barrel of 3-m (9.8-ft) length and 7.6-cm (3-in.) diameter. Plastic liners with 6.4-cm (2.5-in.)-ID were inserted into the core barrel and equipped with a piston to assist with sample recovery. A cutting shoe was fitted at the tip of the barrel with a core catcher to minimize sample loss. The coring system was equipped with a triggering device that permitted a 1.5-m (5-ft) freefall. Heavy weights were added to the core assembly to achieve a total weight of about 270kg (600lb) to ensure maximum penetration and adequate recovery.

Liners recovered from the coring procedure were cut into approximately 1-m (3.3-ft) lengths. The exposed soil was visually classified in general accordance with ASTM standards by our geotechnical engineer or geologist onboard. Shear strengths of cohesive soil samples were assessed using a Torvane on the exposed ends of the liners as the recovered soils were found to be too soft for the Pocket Penetrometer. The liners were then tagged, capped and wrapped with tape, and stored in upright position during the field program.

5.7.3 Laboratory Investigations

The soil testing program was designed to evaluate pertinent index and engineering properties of the shallow soils for both boring and drop-core samples. Nearly all of the samples from the borings and drop-cores were examined and subsequently set aside for laboratory testing. These samples were shipped to Fugro’s Ventura, California laboratory where classification and strength testing and analyses were performed. Additionally, selected samples were tested for Electrical Resistivity and Minimum/Maximum Unit Weight and Density for a better understanding of the corrosion potential of the soils and the Relative Density of the surficial granular materials. Carbonate content tests were performed on numerous samples to determine their relative amount of carbonate content. Unconsolidated-Undrained Triaxial compression (UU), and Miniature Vane were performed for shear strength assessment of cohesive materials.

A description of relevant laboratory procedures is provided in Appendix A. The strength and classification test results are presented graphically on the Boring and Drop-core Logs, Plates 2 through 17 in the Illustrations section and are tabulated in the Summary of Laboratory Test Results on Plate A-2.

Stress-strain curves and test results for selected unconsolidated-undrained triaxial compression tests are presented on Plate A-3. Grain size curves are presented on Plate A-4 and Plasticity Charts on Plate A-5.

Result sheets for Resistivity tests, Minimum/Maximum Unit Weight and Density, and Carbonate Content tests are presented in Plates A-6 through A-8. Table 5.4 summarizes the number of each laboratory tests that have been performed for the onshore/offshore pipeline route, and lists the corresponding ASTM standard for each laboratory test.

Table 5.4: Laboratory Tests Performed
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5.7.4 General Soil Conditions

5.7.4.1 Soil Stratigraphy

Because of the underlying, steeply dipping geologic formation along the pipeline alignment, the soils encountered within the borings and drop-cores are quite variable. Based on bedding planes identified in the cohesive soil samples recovered from the borings, the Pliocene Gros Morne formation dips at angles of 60 degrees or more along much of the pipeline alignment. Since the formation has been folded and compressed, and is composed of interbedded weakly-cemented claystone, siltstone and sandstone, the pipeline alignment is in fact passing through a variety of geologic layers of variable composition as it trends towards the SPM. Therefore, soil properties determined for the recovered samples from the borings and drop-cores should be considered as representative at those locations only; conditions along the pipeline alignment between these stations are probably quite variable, and localized zones of much stiffer/denser or more cemented materials may be encountered.

The soil stratigraphy disclosed by the field and laboratory investigations is presented on the Boring and Drop-core logs, Plates 2 through 17. The soil stratigraphy is based on the classification of soil samples recovered from the borings and drop-cores and observations made during field operations.

5.7.4.2 Onshore HDD-Segment

The two borings completed within the onshore area include one boring completed approximately at the entry point for the HDD portion of the route, and another completed about one-third of the way towards the coastline from the entry point. These two borings, despite being only about 128m (420ft) apart, penetrate very different soil stratigraphy. Boring B-1 was completed in an entirely granular material, ranging from dense to very dense silty fine sand to the completion depth of 54.3m (178.2ft). In contrast, Boring B-2 encountered a predominantly cohesive profile consisting of hard clay to the completion depth of 57.4m (188.3ft). Boring B-2 included a stratum of interbedded clay and silty fine sand from about 20m to 28m (66ft to 92ft) below grade. At least the first meter or more of each onshore boring was probably composed of fill material, however in both borings the transition to the underlying natural formation was not apparent, perhaps indicating that the fill was essentially composed of material from the immediate vicinity.

In Boring B-1, a strong petroleum odor was noted by the field crew emanating from the open borehole beginning at about 29m (95ft) below ground surface. The recovered samples below this depth also had a strong odor, and the returning drill cuttings developed an oily sheen in the mudpit. However, the drilling and sampling equipment were not equipped to obtain environmental or chemical samples, and no testing was performed to confirm either composition or concentration of the petroleum compound.

Based on laboratory testing, the moisture contents in B-1 ranged from 8 to 22 percent and in B-2 from 6 to 25 percent. The moisture contents were of similar values in B-1 and B-2, despite the variance in soil types in the two borings. The fines content (percent material passing the No. 200 sieve including both silt and clay) varied from 33 to 97 percent in B-1 and a single test performed in B-2 was 90 percent. Wet unit weights from two granular samples from Boring B-1 were measured at between 21.8 and 21.9 kN/m3, and dry unit weights from 19.7 to 20.1 kN/m3. In Boring B-2, wet unit weights ranged from 21.7 to 22.3 kN/m3 and dry unit weights from 19.5 to 19.7 kN/m3. Boring B-2 had plastic limits ranging from 36 to 53 percent and a Plasticity Index (PI) varying from 14 to 27.

The shear strength of cohesive materials recovered from Boring B-2, based upon three unconfined, undrained triaxial compression (UU) tests, ranged from 29 to 393 kPA. However, it should be noted that the low strength value probably represented a premature fracture along a silt parting and should not be presumed to be representative of formational shear strengths.

Resitivity values based on three tests performed within Boring B-1 ranged from 150 to 250 ohm-cm. The carbonate content from several tests ranged from 0 to 7.6 percent. Additional details of the soils encountered within Borings B-1 and B-2 are included in the boring logs on Plates 2 and 3.

5.7.4.3 Offshore HDD-Segment

The offshore HDD-segment of the pipeline alignment includes Borings

B-3 through B-6, and is probably the most complex stratigraphic zone of the pipeline alignment. B-6 is located approximately at the exit point of the proposed HDD segment of the pipeline route. Elsewhere along this segment, the pipeline is planned to be installed at approximately –26m (-85ft) below Mean Sea Level. The borings along this segment of the pipeline route show the same variability as the two onshore borings, with both granular and cohesive strata within the older Gros Morne Formation being present.

The soils in this portion of the pipeline alignment mainly consist of very dense sands and hard lean clays from the Gros Morne Formation. dipping at angles between about 45 deg and 80 deg, with a Recent-aged surficial drape overlying the older material in most of the borings. The drape material generally consists of loose to medium dense silty fine to coarse sand with many shell fragments. This drape may be mobile and variable with storm activity, especially in the surf zone nearer to the beach. The drape was absent in B-3 closest to the beach, either due to erosion or non-deposition.

Borings B-3 and B-4 penetrated predominantly granular layers of the Gros Morne Formation, with Boring B-3 composed mainly of very dense silty fine sand to sandy silt and Boring B-4 of very dense silty fine sand. Both borings encountered weakly-cemented pockets and hard clay seams and layers within the granular strata. The upper 3.7m (12.1ft) of Boring B-3 consists of hard lean clay interlayered with sandy silt that dips at about 70 deg and is occasionally slickensided. This material is interpreted to be part of the older Gros Morne Formation and is inferred to be similar in age and composition to the cohesive materials encountered in Borings B-5 and B-6.

The drape material in Boring B-4 was encountered to a depth of about 2.3m (7.5ft) in B-4 and consisted of loose silty fine to medium sand. B-5 had a surficial drape about 5.2m (17.1ft) consisting of loose to medium dense, fine to coarse sand overlying silty fine to coarse sand. The drape in Boring B-6 was composed of about 5.0m (16.4ft) of very loose to medium dense, fine to medium calcareous sand with silt overlying silty fine sand containing wood fragments and having an organic odor. In both B-5 and B-6, the base of the surficial drape may in fact include some amount of older materials intermixed with Recent-aged granular sediments.

Underlying the surficial drape, Borings B-5 and B-6 penetrated mostly hard to very hard lean clay layers within the underlying Gros Morne Formation materials, with B-5 encountering silt laminations below 21.6m (70.9ft) and B-6 including a thin clayey sand layer at 5.2m (17.1ft) and being slickensided below 7.7m (25.3ft). The surficial stratum of Boring B-3 was composed of similar cohesive material, and in all three borings the cohesive strata contained numerous silt and sand partings, seams and pockets. The stratigraphy dips at angles of 40 to 60 degrees throughout most of these borings.

Within the drape material encountered in Borings B-4 through B-6, moisture contents varies from 13 to 45 percent, and the fines percentage ranges widely from 3 to 50 percent. Wet unit weights range from 18.9 to 19.9 kN/m3 and dry unit weights from 14.9 to 16.0 kN/m3. Carbonate contents also vary considerably, from 1.6 to 22.0 percent and are probably strongly biased by the shell fragment content of the respective samples.

In the underlying Gros Morne Formation very dense granular soils in Borings B-3 and B-4, moisture contents range from 12 to 21 percent, and the fines percentage from 7 percent in a shallow coarse sand layer in Boring B-3 to 75 percent in a sandy silt layer at the base of Boring B-4. In general, fines content was significantly higher in B-4 than in B-3. Wet unit weights in the underlying strata vary from 20.2 to 21.9 kN/m3 and dry unit weights from 16.9 to 19.2 kN/m3. The granular material is almost entirely siliceous, with carbonate contents varying from 0.0 to 1.3 percent. Resistivity values based on two tests ranged from 36 to 46 ohm-cm.

Within the cohesive strata of the Gros Morne Formation including the surficial stratum of Boring B-3 and the portions of Borings B-5 and B-6 underlying the surficial drape, moisture contents range from 7 to 27 percent, and the percent fines from 38 to 63 percent, measured within more granular sections of the stratum. The remainder of the material is inferred to have a fines content typically greater than about 75 percent. The Atterberg limits tests measured liquid limits varying from 27 to 45 percent, indicating lean clay, plastic limits from 18 to 25 percent and Plasticity Indices (PI) of 6 to 25. The wet unit weights range from 19.8 to 23.1 kN/m3 and the dry unit weights from 16.2 to 21.3 kN/m3.

Shear strengths within these hard cohesive materials, based on several UU test results, ranged from 187 to 340 kPa. Carbonate test results were minimal, varying from 0.0 to 1.3 percent. Resistivity values based on two tests within the stratum ranged from 48 to 50 ohm-cm. Additional details of the soils encountered within the complex stratigraphy of Borings B-3 through B-6 are included in the boring logs on Plates 4 through.

5.7.4.4 Offshore Trenched Segment

The offshore component of the pipeline alignment which is planned to be trenched was explored by completing ten drop-cores, DC-1 through DC-10. The soils along this portion of the alignment appear to consist of a combination of older outcropping sands and clays with little or no Recent-aged surficial granular drape materials nearer to the shore grading to an increasing thickness of drape trending seaward. The drape generally consists of relatively loose granular material, most commonly silty sand. with many shell fragments. Recoveries from the drop-cores in the areas with little or no drape were significantly less than areas where the drape material is present.

Total recoveries from the drop-cores ranged from a minimum of 0.2m (0.7ft) in DC-1A to a maximum of 2.2m (7.2ft) in DC-7B. The range of materials is predominantly granular; however in DC-2B a very stiff to hard lean clay was encountered beneath about 8cm of drape consisting of fine to coarse sand, and in DC-3B a laminated lean clay and sandy silt was recovered beneath about 5cm of drape sand. Several of the other drop-cores encountered clayey pockets and seams within silty fine to coarse sands.

Based on the encountered soils, we infer that the surficial drape along this segment of the proposed pipeline is generally absent or of minimal thickness in the interval between DC-1A and DC-5B and then thickens rapidly to as much as 2m or more in the interval between DC-6B to DC-10A. Because relative density could not be directly determined in the field on the drop-cores, two samples were tested for max/min unit weight and density estimations (performed on samples from DC-6B and DC-9B) and the results showed these soils to be relatively very dense, despite significant recoveries in each core.

Elsewhere along the pipeline alignment in this interval, the surficial drape is probably relatively loose in density.

Moisture contents within the drop-core portion of the investigation ranged from 23 to 41 percent. Fines percent ranged from 1 to 80 percent. Unit dry weights measured in the field consistently were 15 kN/m3. A single Atterberg limits test performed on a sample from DC-3B gave values of 39 percent for the liquid limit, 20 percent for the plastic limit, and a Plasticity Index of 19. Shear strengths from remolded minivane tests performed on the cohesive components of samples from DC-2B and clay pockets within DC-5B were 158 kPa and 80 kPA, respectively while a single UU test result was 163 kPa.

Carbonate content tests performed on several samples varied from 0 percent to 14 percent; samples with many shell fragments typically yielded higher results. Samples with calcium carbonate contents higher than 10% were classified as calcareous in composition on the drop-core logs. Laboratory resistivity was measured on three samples from the drop-cores, with results ranging from 14 to 18 ohm-cm. These results are quite similar to native seawater, with a nominal resistivity of 20 ohm-cm.

5.7.5 Interpretation of Soil Properties

5.7.4.5 Index Properties

Water content and Atterberg limit tests were performed on selected cohesive samples to aid in soil classification. The water content (w), plastic limits (PL), and liquid limits (LL) are plotted on the Boring and Drop-core logs on Plates 2 through 17 and tabulated on the Summary of Test Results presented in Appendix A. The Atterberg limit data are also plotted in a plasticity chart (Plate A-5) in the appendices, where the liquid limit is plotted as a function of the Plasticity Index (PI). The Plasticity Index is defined as the difference between the liquid and plastic limits, (PI=LL-PL).

As shown on Plate A-5, the cohesive soils tested along the pipeline alignment were almost entirely lean clays (clays with liquid limits of less than 50%). Test values parallel and above the A-Line indicate that the soils were not organic.

5.7.4.6 Dry Unit Weight

During the field nearshore phase of our investigation, and in our Ventura Laboratory, total unit weights (or wet unit weight) were measured on selected samples recovered from the borings and drop-core locations. The density of seawater was then subtracted from the measured total unit weight to obtain an estimate of the submerged unit weight of the sample. 

5.7.4.7 Electrical Resistivity

In general, the resisitivity of three samples tested from onshore Boring B-1 showed significantly higher resistivities than those measured in the offshore borings and drop-cores. The three tests performed in B-1 ranged from 150 ohm-cm at a depth of 5.9m below ground surface to 250 ohm-cm at a depth of 39.1m. The tests performed on samples collected offshore ranged from 14 ohm-cm in DC-08B at a depth of 0.9m to 46 ohm-cm in B-3 at a depth of 20.0m. The three tests performed on dropcore samples, all within 0.9m of the seafloor, gave readings very close to that of seawater, which is assumed to be 20 ohm-cm.

The results obtained from both onshore and offshore samples indicate that the foundation soils may have a significant corrosion potential. Detailed results from the resistivity tests are presented in Plate A-7. 

5.7.4.8 Relative Density


Relative density for granular materials encountered along the proposed pipeline route were determined from both field and laboratory data. Relative density is only applicable to granular materials and is determined on a scale from 0 being material of essentially no density to 1 being the extreme end of very dense soil. In the field, relative density was determined from the N-blow count value obtained during the SPT (Standard Penetration Tests) in the shallower, medium dense to very dense materials. These SPT values were then used to estimate the relative density according to SPT correlations published by numerous authors, including Bowles (1988). In addition, Minimum/Maximum index unit weight and density tests were performed in the laboratory on two sand samples obtained from the dropcores to estimate the in situ unit weight and the relative density of the granular material.

The SPT results from the study demonstrated that for most of the pipeline alignment, and in particular in the section that is to be directionally drilled, the granular materials are generally very dense and would have correlated relative densities in excess of 0.9 (90%). However, in the interval between Borings B-5 and B-6, the material at the approximate depth of the HDD alignment is estimated to be much looser, with a relative density of about 0.15 in B-5 (in a non-SPT conforming sample) at a depth of 16.9m (55.4ft) and a relative density of 0.5 in B-6 (based on SPT values) at a depth of 10.8m (35.4ft).

Relative density for samples obtained by the drop-core could not be obtained directly via field measurement. Therefore, where enough sample material was obtained in the drop-core barrel, the Minimum/Maximum index unit weight tests were performed in lieu of available SPT data. These tests were completed on a sample from DC-6B at a depth of 0.8m (2.7ft) and on another from DC-9B at a depth of 0.7m (2.2ft). The results of these tests in each sample gave an estimated relative density of 0.89 (89%).

Table 5.5 shows the relative density estimates for samples along the pipeline alignment is presented below.

Table 5.5: Relatively Density Estimates 
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5.7.6 Conclusions And Recommendations

These conclusions and recommendations were developed with the assumption that the soil conditions revealed by the borings and drop-cores are representative of the adjacent soils throughout the general area of the proposed pipeline route. However, soil properties determined for the recovered samples from the borings and drop-cores should be considered as representative of those locations only; conditions along the pipeline alignment between these stations are probably quite variable, and localized zones of much stiffer/denser or more cemented materials may be encountered.

Variations in soil conditions may become evident during pipeline installation. If variations are found, a re-evaluation of the recommendations in this report may be necessary. A summary of the pertinent conclusions and recommendations follows:

· The geotechnical investigation along the proposed alignment for the NOEL pipeline consisted of two onshore borings, four offshore borings and ten offshore drop-cores, as well as field and laboratory testing and an engineering assessment of the soil conditions along the pipeline route.

· Subsurface conditions along the pipeline corridor can be divided into three main regions including the onshore HDD-segment, the offshore HDD-segment and the offshore trenched segment. Soil conditions throughout the alignment are highly variable, consisting generally of very dense granular strata and hard cohesive strata. No hard rock was encountered in any of the borings.

· Within the onshore HDD-segment, Boring B-1 revealed a predominantly very dense granular stratigraphy while Boring B-2 was mainly hard cohesive materials. A strong petroleum odor and oily sheen with an unknown composition and concentration was encountered below 29m in Boring B-1.

· The offshore HDD-segment included a surficial drape of Recent-aged very loose to loose granular materials overlying a complex stratigraphy of very dense granular soils in most of B-3 and B-4 and hard cohesive strata in the upper part of Boring B-3 and most of B-5 and B-6. The surficial drape was absent in B-3.

· The offshore trenched portion consisted of a combination of older outcropping sands and clays with little or no Recent-aged drape nearer to shore grading to an increasing thickness of relatively loose granular material trending seaward. Recoveries from the drop-cores in the areas with little or no drape were significantly less than areas where the drape material is present.

· Caution should be exercised when working in the vicinity of the nearshore outcrops identified by available geophysical data. Outcrop zones represent areas where trench problems may occur and potential spanning remediation may be required, if outside of the proposed HDD component of the alignment. Elsewhere, locally higher carbonate contents and low resistivities which might indicate corrosivity potential in the soils should be considered for the pipeline design.

· Existing pipelines have been trenched through material similar to that predicted for the proposed pipeline route. The construction records from the installation of these pipelines should be carefully reviewed to evaluate the most suitable installation techniques for the proposed pipeline.

· The existing 42” bpTT pipeline that runs semi-parallel to the west of the proposed NOEL pipeline alignment should be avoided during pipeline construction activities.

· Permanent benchmarks were installed at Borings B-1 and B-2 which may be used for positioning reference during the design and installation of the pipeline.
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.
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The log and data presented are a simplification of actual conditions encountered at the time of drilling at the drilled location. Subsurface conditions may differ at other locations and with the passage of time.
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The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme
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COMPLETION DEPTH: 23.0 m SAMPLING METHOD: Wet Rotary
SAMPLING DATE: March 22, 2004 LOGGED BY: DVILAF

CHECKED BY: D Sackett
The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme
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COMPLETION DEPTH: 17.0m SAMPLING METHOD: Wet Rotary
SAMPLING DATE: March 21, 2004 LOGGED BY: DVILAF

CHECKED BY: D Sackett

The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme
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MATERIAL DESCRIPTION = 56
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RECOVERED LENGTH: 0.2 m SAMPLING METHOD: Piston Drop-Core
SAMPLING DATE: March 26, 2004 LOGGED BY: DV/LAF

CHECKED BY: D Sackett
The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme
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RECOVERED LENGTH: 0.3 m SAMPLING METHOD: Piston Drop-Core
SAMPLING DATE: March 26, 2004 LOGGED BY: DVILAF

CHECKED BY: D Sackett
The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme
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MATERIAL DESCRIPTION = 56
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RECOVERED LENGTH: 0.3 m SAMPLING METHOD: Piston Drop-Core
SAMPLING DATE: March 26, 2004 LOGGED BY: DVILAF

CHECKED BY: D Sackett
The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme
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MATERIAL DESCRIPTION = 56
Silly Fine SAND (SM): brown
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RECOVERED LENGTH: 0.3 m SAMPLING METHOD: Piston Drop-Core
SAMPLING DATE: March 26, 2004 LOGGED BY: DVILAF

CHECKED BY: D Sackett
The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme
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RECOVERED LENGTH: 0.5 m SAMPLING METHOD: Piston Drop-Core
SAMPLING DATE: March 27, 2004 LOGGED BY: DV/LAF

CHECKED BY: D Sackett

The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme
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MATERIAL DESCRIPTION = 56
Silly Fine (0 Coarse Calcareous SAND (SM): very
dense, brown, with clay and silt pockets, partings
and seams, and many shell fragments
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25
2
RECOVERED LENGTH: 2.0 m SAMPLING METHOD: Piston Drop-Core
SAMPLING DATE: March 27, 2004 LOGGED BY: DVILAF

CHECKED BY: D Sackett
The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme
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MATERIAL DESCRIPTION = 56
Silly Fine (0 Coarse SAND (SM): brown, wilh many
shell fragments

24

25

2
RECOVERED LENGTH: 2.2 m SAMPLING METHOD: Piston Drop-Core
SAMPLING DATE: March 27, 2004 LOGGED BY: DVILAF

CHECKED BY: D Sackett

The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme

LOG OF DROP CORE No. DC-7B
Geotechnical Investigation
Noel Pipeline Project
Southeast Coast, Trinidad PLATE 14
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MATERIAL DESCRIPTION = 56
Silly Fine (0 Coarse Calcareous SAND (SM): brown,
with a few clay seams, and many shell fragments
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38 27
- fine to coarse sand below 1.5m
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RECOVERED LENGTH: 1.9 m SAMPLING METHOD: Piston Drop-Core
SAMPLING DATE: March 27, 2004 LOGGED BY: DVILAF

CHECKED BY: D Sackett

The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme
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MATERIAL DESCRIPTION = 56
Silly Fine [0 Coarse SAND (SM): very dense, brown
with clay and silt pockets, partings and seams
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RECOVERED LENGTH: 0.8 m SAMPLING METHOD: Piston Drop-Core
SAMPLING DATE: March 27, 2004 LOGGED BY: DV/LAF

CHECKED BY: D Sackett
The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
e sampl ocation. Subsuriace condtions may difler  othe ocatons and wih he passage of Lme

LOG OF DROP CORE No. DC-9B
Geotechnical Investigation
Noel Pipeline Project
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RECOVERED LENGTH: 1.6 m SAMPLING METHOD: Piston Drop-Core
SAMPLING DATE: March 27, 2004 LOGGED BY: DV/LAF

CHECKED BY: D Sackett

The log and data presented are @ simpiicaton of actual condiions encountered al he rme of sampling at
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General Notes
Sail Texture Symbol

Sloped line in symbol column indicates
transitional boundary

Samplers and sampler dimensions
(unless otherwise noted in report text) are as follows:

Symbol for
1 SPT Sampler, driven
34.9 mm ID, 50.8 mm OD

2 CALiner Sampler, driven
60.3 mm ID, 76.2 mm OD

3 CALiner Sampler, disturbed
60.3 mm ID, 76.2 mm OD

4 Thin-walled Tube, pushed
73.0 mm ID, 76.2'mm OD

Buik Bag Sample (from cuttings)
CA Liner Sampler, Bagged
Hand Auger Sample

CME Core Sample

9 Pitcher Sample

10 Lexan Sample

11 Vibracore Sample

12 No Sample Recovered

13 Sonic Soil Core Sample

Sampler Driving Resistance
Number of blows with 140 Ib_hammer falling
30" to drive sampler 1 ft.after seating sampler
6" for example,

Blowsft  Description

25 25 blows drove sampler 305 mm
after initial 152 mm of seating

86/280  After driving sampler the initial 152
mm of seating, 36 blows drove
sampler through the second 152
mm interval, and 50 blows drove
the sampler 128 mm into the third
interval

501152 50 blows drove sampler 152 mm
after initial 152 mm of seating

Ref/76 50 blows drove sampler 76 mm
during initial 152 mm seating
interval

Blow counts for California Liner Sampler
shownin ()

Length of sample symbol approximates
recovery lengt

Classification of Soils per ASTM D2487
or D2488

Geologic Formation noted in bold font at
the top of interpreted interval

Strength Legend

Unconfined Compression
inconsolidated Undrained Triaxial
Torvane

ocket Penetrometer

m = Miniature Vane

Water Level Symbols

Z  Initial or perched water level
Y Final ground water level
n  Seepages encountered

Rock Quality Designation (RQD) is the

T
4

sum of recovered core pieces greater
than 102 mm divided by the length of
the cored interval

§

|5

Paving and/or Base Materials

b

KEY TO TERMS & SYMBOLS USED ON LOGS
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5.8 Climate and Meteorology 

The climate and meteorology of the Caribbean Region including Trinidad is described as Tropical Marine (Macpherson, 1963).  This climatic type is characterized by the uniformity of its high temperature throughout the year and across the region.  The temperature of the Atlantic Ocean and the angle of the midday sun influence the Tropical Marine climate.  The hottest months are those following the immediate passage of the overhead midday sun, while the coolest months are those when the sun is south of the Equator.  The high temperatures however, are strongly influenced by the steady temperatures of the Atlantic Ocean.  These steady temperatures result from the slow response of the ocean to heating and cooling.  These temperatures are imparted to the Trade Winds, which blow over the islands and prevent day temperatures from rising to very high levels (Macpherson 1963).

In Trinidad, temperature is lowest in January when it averages 25°C and highest in May when the average rises to 27°C.  There are greater variations between day and night temperatures, which can range from 33°C to 21°C.  Air temperatures recorded at Piarco remain fairly constant, with temperatures ranging between 23°C and 33°C.  

Trinidad’s annual rainfall total varies from over 3048 mm in the NE to approximately 1524 mm in the NW and SW peninsulas of the island (Figure 5.13).  The difference between the wet and dry seasons is large, with the wet season showing a distribution from 2032 mm to  635 mm and dry season from 1016 mm to 10” 254 mm.  
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Figure 5.13: Rainfall Distribution in mm
Weather associated with the I.T.C.Z., Easterly waves, tropical depressions and troughs in the wet season tends to give more widespread rainfall distribution than weather due to local effects, e.g. convective or orographic effects.  To a lesser extent, modified migratory upper level temperate zone systems in the dry season, while infrequent, are responsible for the relatively few persistent widespread wet days during this time.  Topography and convection contribute in both seasons to the precipitation regime, but on a much more limited localized scale. 

5.9 Ambient Air Quality 

In an effort to characterize baseline conditions of air quality within the area, a qualitative assessment was performed to ascertain which parameters were essential for monitoring.  Fugitive releases of criteria pollutants (defined by the US EPA as those contaminants which have a severe effect on human health: particulates, nitrogen dioxide, ozone, lead & particulates) were deemed negligible since the area is rural in nature and normal operational activities are not expected to contribute such substantial concentrations of these parameters.  However, the evolution of Volatile Organic Compounds (VOCs), Sulphur Dioxides, and Hydrogen Sulphide are typical during oil production activities. Readings were taken in the pipeyard, which is adjacent to the flare and at the jetty, which is downwind of the flare. The results are shown below in Table 5.6. Concentrations of these gases were surveyed on the 16th June 2004 at the Galeota Facility.

Table 5.6:  Summary of Ambient Air Quality Results

	LOCATION
	
	
	

	
	Volatile Organic Carbons (PPM)
	Sulphur Dioxide (PPM)
	Hydrogen Sulphide (PPM)
	Air Pollution Rules – Second Schedule (Fugitive Emissions)/ (PPM)

	Jetty 
	1.2
	0.0
	0.0
	Hydrogen Sulphide

0.2

VOCs

-

Sulphur Dioxide

50

	Pipe Yard
	0.7
	0.0
	0.0
	


No ambient air regulations exist for VOCs as a fugitive emission locally. Hydrogen sulphide is regulated as a fugitive emission however this parameter was not detected. 

5.10 
Noise 

Baseline noise conditions were also assessed within the Facility to ascertain ambient noise levels during normal operational activities.  Noise measurements took place at the Jetty and the Pipeyard as these were deemed areas of most frequent activity. An additional reading was taken at the gate of the Facility.  Results obtained were within the limits as specified in the Noise Pollution Rules, 2001 First Schedule for Industrial Areas and General Areas during the day (when sampling occurred).

Table 5.7: Summary of Baseline Noise Survey

	Location
	EMA

General Areas
	EMA

Industrial Areas
	Parameter

	Jetty
	80 dBA (day)/ 65 (night)
	75 dBA
	LEQ – 69.3dBA

	
	120 db (day)/ 115 dB (night)
	130 dB
	Peak – 114.9dB

	Pipe Yard
	80 dBA (day)/ 65 (night)
	75 dBA
	LEQ – 63.1dB

	
	120 db (day)/ 115 dB (night)
	130 dB
	Peak - 110.1dB

	Galeota Gate
	80 dBA (day)/ 65 (night)
	75 dBA
	LEQ - 46.3dB

	
	120 db (day)/ 115 dB (night)
	130 dB
	Peak – 97.1dB


All the values obtained indicated that the Galeota Facility does not exceed the Noise Pollution Rules at any of the site locations.

5.11 Water & Sediment Quality 

A comprehensive ambient water and sediment quality assessment programme was developed in support of this project. This programme entailed the establishment and monitoring of nineteen (19) water and fourteen sediment (14) stations located throughout the Guayaguayare Bay. The sampling of these stations was conducted on two occasions once in the month of December 2003, and the other in January 2004. Additional data with respect to the impact of the Facility on the sediment quality of the Bay can be inferred from a sediment quality monitoring event which occurred in February 2004.

5.11.1 Methodologies 

The sampling was conducted over the periods December 9 – 10, 2003 and January 8 -10, 2004. The same sampling procedure was used for both sampling events allowing for consistency and unbiased comparison of conditions in the bay sampled during different sampling events. The results of these individual sampling events were pooled to produce a composite data set which is presented In Table 5.11 & 5.12 below. Additional data was collected within the Galeota Port approach channel on February 3, 2004.  Data from this sampling event is presented in Table 5.13. 

The physical parameters of water quality were measured using a YSI 600 XLM multi-parameter Sonde. This piece of equipment allows the direct measurement of up to six parameters simultaneously. Measurements of temperature, conductivity, dissolved oxygen, and pH were done using this instrument. The Sonde was tied to a rope and lowered off the side of the boat to depth. The sampling interval of this instrument was set to thirty seconds and was deployed for a minimum of ten minutes at each station.

The analyses performed on the samples drawn from the study area are described in Tables 5.8 & 5.9 below. Samples were collected by EPAS personnel and analyses were conducted at Ecotox’s Laboratory and at ENTECH Laboratory, Canada.

	Table 5.8: Water Analysis Parameters, Preservation and Test Methodologies

	Analytical Parameter 
	Sample Container 
	Preservative
	Holding Time 
	Test Methodology

	Temperature 
	Nil – In Situ 
	NA
	NA 
	NA 

	pH
	Nil – In Situ
	NA 
	NA 
	EPA 150.1

	Dissolved Oxygen Concentration (DO)
	Nil – In Situ
	NA
	NA
	EPA 360.1

	Biological Oxygen Demand (BOD) 
	HDPE 
	Cool to 4oC
	4 Days 
	EPA 405.1

	Total Suspended Solids (TSS) 
	HDPE 
	Cool to 4oC
	7 Days
	EPA 160.2 Gravimetric 

	Total Petroleum Hydrocarbons – Heavy Oils Fraction
	Glass
	Cool to 4oC
	14 Days
	EPA 3550B/8015B – GC/MS

	Total Petroleum Hydrocarbons – Diesel Range
	Glass
	Cool to 4oC
	14 Days
	EPA 3550B/8015B – GC/MS

	Total Petroleum Hydrocarbons – Gas Range
	Glass
	Cool to 4oC
	14 Days
	EPA 3550B/8015B – GC/FID

	Nitrogen (as NO3)
	HDPE
	H2SO4<pH2
	10 Days 
	SM 418C

	Nitrogen (as NO2)
	HDPE
	H2SO4<pH2
	10 Days 
	EPA 354.1

	Ammonical Nitrogen (NH3-H)
	HDPE
	H2SO4<pH2
	10 Days 
	EPA 350.1

	Total Phosphorus 
	HDPE
	H2SO4<pH2
	28 Days 
	EPA 365.2

	Sulphide (as H2S)
	HDPE
	-
	-
	EPA 376.2

	Dissolved Hexavalent Chromium  
	HDPE 
	Cool to 4oC
	5 Days 
	EPA 3060A/7196A

	Dissolved Iron 
	HDPE 
	HNO3<pH2
	6 Months 
	EPA 200.7 ICP-MS

	Total Petroleum Hydrocarbons 
	Glass
	Cool to 4oC
	28 Days 
	EPA 418.1

	Dissolved Nickel
	HDPE 
	HNO3<pH2
	6 Months 
	EPA 200.7 ICP-MS

	Dissolved Copper 
	HDPE 
	HNO3<pH2
	6 Months 
	EPA 200.7 ICP-MS

	Dissolved  Zinc 
	HDPE 
	HNO3<pH2
	6 Months 
	EPA 200.7 ICP-MS

	Dissolved Arsenic 
	HDPE 
	HNO3<pH2
	6 Months 
	EPA 3010/7062

	Dissolved Cadmium 
	HDPE 
	HNO3<pH2
	6 Months 
	EPA 200.7 ICP-MS

	Dissolved Mercury
	Glass – Clear 
	K2Cr2O7/HNO3<pH2
	7 Days 
	EPA 22208 CVAAS

	Dissolved Lead 
	HDPE 
	HNO3<pH2
	6 Months 
	EPA 200.7 ICP-MS

	Reactive Cyanide 
	HDPE 
	NaOH>pH 12 
	7 Days 
	SW846-7.3.3

	Phenolic Compounds 
	Glass – Clear 
	CuSO4/H3PO4<pH2
	28 Days
	EPA 420.1/ 9065

	Toxicity 
	Glass
	-
	7 Days
	LC 50 Toxicity Test

	Faecal Coliforms
	Glass
	NA
	3 Days
	SM 909C

	Salinity 
	Nil – In Situ 
	NA
	NA 
	NA 


	Table 5.9: Sediment Analysis Parameters, Preservation and Test Methodologies 

	Analytical Parameter 
	Sample Container 
	Preservative
	Holding Time 
	Test Methodology

	Total Petroleum Hydrocarbons – Heavy Oils Fraction
	Glass
	Cool to 4oC
	14 Days
	EPA 3550A/8015B – GC/MS

	Total Petroleum Hydrocarbons – Diesel Range
	Glass
	Cool to 4oC
	14 Days
	EPA 3550A/8015B – GC/MS

	Total Petroleum Hydrocarbons – Gas Range
	Glass
	Cool to 4oC
	14 Days
	EPA 3550A/8015B – GC/FID

	Grain Size
	Glass
	NA
	NA
	ESTUARI

	Bio-Available Chromium 
	Glass
	Cool to 4oC
	NA
	EPA 7191

	Bio-Available Iron 
	Glass
	Cool to 4oC
	NA
	EPA 200.7 ICP-MS

	Bio-Available Lead
	Glass
	Cool to 4oC
	NA
	EPA 200.7 ICP-MS

	Bio-Available Nickel
	Glass
	Cool to 4oC
	NA
	EPA 200.7 ICP-MS

	Bio-Available Copper 
	Glass
	Cool to 4oC
	NA
	EPA 200.7 ICP-MS

	Bio-Available Zinc
	Glass
	Cool to 4oC
	NA
	EPA 200.7 ICP-MS

	Bio-Available Cadmium 
	Glass
	Cool to 4oC
	NA
	EPA 200.7 ICP-MS

	Bio-Available Mercury 
	Glass
	Cool to 4oC
	NA
	EPA 200.8 CVAAS


5.11.2 Standards Applied
The standards applied depended on whether a local standard existed for the parameter. If such a condition existed both the local and international standard was applied. For the purposes of this report the ambient water quality results were compared to the Water Pollution Rules, 2001. Effluent water quality was compared to the Water Pollution Rules, 2001, Trinidad & Tobago Standard 547:1998 for Industrial Effluents. The sediment quality was compared to NOAA’s – Threshold Effects Level (TEL) values for marine and freshwater sediment. 

The NOAA has prepared screening values for use by their Coastal Restoration Division. These values were developed to be used as a means of performing screening level assessments of the threat to environmental resources. 

These tables have set a Threshold Effect Level (TEL) which are a conservative lower threshold values for contaminant screening for possible negative effects to marine organisms. These TEL’s therefore provide a high degree of confidence that adverse environmental effects would not occur at or below these concentrations. It was based on these considerations that the NOAA’s TEL’s were used exclusively for the assessment of the sediment quality. 

5.11.3 Sampling Stations

Of the nineteen (19) water quality monitoring stations established fifteen (15) were marine or near shore coastal while the remaining four (4) stations were riverine (Figure 5.8). The inland riverine sampling stations consisted of free flowing rivers, mangroves and mudflats. The presence of mangrove forests was noted at all sampling locations.

The offshore sampling stations ranged from beaches to open ocean, between these two extremes, within the bay area, there was evidence of both soft bottom and hard bottom substrates. 

The sampling stations were established inland and at the three (3), ten (10) and (20) meter contours. The establishment of the sampling stations was based on determining the impact of land based sources on the water and sediment quality of the Bay.  Figure 5.14 shows the location of the sampling stations established and Table 5.10 gives the coordinates of the stations for the December and January sampling events. 
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Figure 5.14: Station Location in Guayaguayare Bay

Table 5.10: Coordinates of Stations

	Station Name
	Easting
	Northing
	Station Description
	WPR Standard Applied

	WS Station 1
	712915.5
	1120349
	Inland Surface Water
	Inland Surface Water

	WS Station 2
	713643.4
	1120881
	Inland Surface Water
	Inland Surface Water

	WS Station 3
	716417.9
	1122843
	Inland Surface Water
	Inland Surface Water

	WS Station 4
	717386.6
	1123230
	Inland Surface Water
	Inland Surface Water

	WS Station 5
	718412.9
	1120321
	Marine Offshore
	Marine Offshore

	WS Station 6
	717385.3
	1119894
	Marine Offshore
	Marine Offshore

	WS Station 7
	715721.9
	1119241
	Marine Offshore
	Marine Offshore

	WS Station 8
	713888.3
	1118673
	Marine Offshore
	Marine Offshore

	WS Station 9
	713272.3
	1120058
	Coastal Nearshore
	Coastal Nearshore

	WS Station 10
	713887.9
	1120679
	Coastal Nearshore
	Coastal Nearshore

	WS Station 11
	716687.6
	1122429
	Coastal Nearshore
	Coastal Nearshore

	WS Station 12
	717576.7
	1122706
	Coastal Nearshore
	Coastal Nearshore

	WS Station 13
	718656.5
	1122313
	Coastal Nearshore
	Coastal Nearshore

	WS Station 14
	718486.6
	1121288
	Coastal Nearshore
	Coastal Nearshore

	WS Station 15
	716689.4
	1120973
	Coastal Nearshore
	Coastal Nearshore

	WS Station 16
	715487.3
	1119928
	Coastal Nearshore
	Coastal Nearshore

	WS Station 17
	713731.7
	1119314
	Coastal Nearshore
	Coastal Nearshore

	WS Station 18
	718754.8
	1121487
	Coastal Nearshore
	Coastal Nearshore

	WS Station 19
	714387.5
	1119607
	Coastal Nearshore
	Coastal Nearshore


WPR – Water Pollution Rules, 2001

Results

Table 5.11: Results of Water Quality Monitoring in Guayaguayare Bay 

	Analyte
	WS 1
	WS 2
	WS 3
	WS 4
	WS 5
	WS 6
	WS 7
	WS 8
	WS 9
	WS 10
	WS 11
	WS 12
	WS 13
	WS 14
	WS 15
	WS 16
	WS 17
	WS 18
	WS 19

	Acute Toxicity


	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE
	NATE

	Ammonia


	0.0325
	0.0345
	0.035
	0.0355
	0.031
	0.023
	0.0285
	0.032
	0.0325
	0.0315
	0.0315
	0.035
	0.027
	0.022
	0.0275
	0.02
	0.03
	0.0295
	0.034

	Available 

Phosphates


	0.0594
	0.095
	0.06965
	0.14575
	0.04525
	0.0485
	0.04885
	0.04745
	0.0398
	0.0417
	0.0364
	0.04255
	0.03635
	0.043
	0.03955
	0.1153
	0.0486
	0.04525
	0.015

	BOD


	14.935
	12.945
	12.775
	11.5
	3.84
	5.46
	2.795
	2.615
	10.01
	9.48
	10.64
	6.3
	7.465
	3.13
	2.065
	3.12
	3.76
	6.085
	1.65

	Dissolved Nitrate


	0.0157
	0.02985
	0.02045
	0.0152
	0.00705
	0.00575
	0.00425
	0.00535
	0.0035
	0.0047
	0.00565
	0.0052
	0.0039
	0.00375
	0.0032
	0.0018
	0.003
	0.0137
	0.0049

	Dissolved Oxygen 

Concentration 
	11.86
	12.32
	10.95
	7.83
	12.605
	10.835
	9.25
	8.45
	11.385
	11.545
	10.505
	10.665
	10.445
	9.42
	8.755
	8.69
	7.525
	7.21
	8.11

	Faecal 

Coliform
	1217
	275
	5350
	105000
	BDL
	10
	1
	BDL
	10.5
	13
	112
	4
	230
	10
	BDL
	BDL
	115
	66
	1600

	Hexavalent Chromium


	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	5.2
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL

	Nitrite


	0.00955
	0.0815
	0.0113
	0.0101
	0.00455
	0.0039
	0.0041
	0.0036
	0.0051
	0.003
	0.00395
	0.00345
	0.0026
	0.00275
	0.002
	0.0011
	0.00185
	0.01005
	0.0034

	Oil & Grease


	1.069
	1.1965
	1.1725
	1.306
	0.3055
	0.3085
	0.299
	0.3535
	0.534
	0.504
	0.3795
	0.327
	0.5885
	0.2155
	0.1835
	0.512
	0.2635
	0.2885
	0.558

	pH


	7.555
	7.86
	7.68
	7.18
	8.065
	8.13
	8.16
	8.145
	8.21
	8.225
	8.195
	8.21
	8.25
	8.2
	8.125
	8.17
	8.175
	7.765
	8.17

	Phenols


	0.00785
	0.00505
	0.00835
	0.0071
	0.00665
	0.00815
	0.00755
	0.0097
	0.00735
	0.00725
	0.01065
	0.0158
	0.0515
	0.0191
	0.01455
	0.0111
	0.00595
	0.0265
	0.0059

	Salinity (ppt)


	20.38
	19.51
	18.1
	17.945
	26.055
	26.355
	30.42
	27.1
	20.135
	20.805
	21.945
	20.575
	21.965
	22.88
	25.115
	24.62
	23.6
	23.32
	23.87

	Sulphide


	0.01165
	0.01315
	0.00945
	0.0108
	0.0089
	0.007
	0.00805
	0.0063
	0.00699
	0.0131
	0.02675
	0.017
	0.0572
	0.0109
	0.0074
	0.0071
	0.00615
	0.03165
	0.0059

	Temperature (oC)


	28.235
	28.05
	27.67
	29.06
	27.42
	27.355
	27.44
	27.285
	27.445
	27.505
	27.64
	27.51
	27.56
	27.445
	27.245
	26.84
	27.39
	27.51
	27.88

	Total Cyanide


	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL

	Total 

Petroleum 

Hydrocarbons


	0.306
	0.2005
	0.348
	0.1785
	0.186
	0.195
	0.163
	0.228
	BDL
	0.0625
	0.2015
	0.2265
	0.411
	0.178
	0.116
	0.284
	0.382
	0.378
	0.353

	TSS (mg/L)


	127
	135
	155.5
	149
	57
	42
	54
	55
	84
	66
	79.5
	66
	65.5
	68
	73
	61
	59.5
	96
	68

	Flow (m/sec)


	0.2
	3.50
	6.90
	0.00
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA
	NA


All values are in mg/L, Faecal Coliform counts per 100cm, NA – Not Applicable, BDL  – Below Detection Limit,  figures in red indicated that standard was exceeded

Table 5.11: (Continued): Results of Water Quality Monitoring in Guayaguayare Bay 

	Analyte
	WS 1
	WS 2
	WS 3
	WS 4
	WS 5
	WS 6
	WS 7
	WS 8
	WS 9
	WS 10
	WS 11
	WS 12
	WS 13
	WS 14
	WS 15
	WS 16
	WS 17
	WS 18
	WS 19

	COD 


	188.5
	234.7
	204
	220.15
	569.65
	578.8
	544.8
	565.4
	441.9
	609
	697.35
	542.85
	629.1
	536.45
	619.85
	680.1
	479.65
	534.4
	788.9

	Iron 


	61.15
	69.9
	55.25
	62.95
	59.35
	54.3
	53.35
	56.9
	57.45
	58.25
	58.75
	67.15
	55.4
	75.05
	62.35
	59.8
	66.3
	78.85
	67.9

	 Chromium  


	3.1
	4.2
	4.1
	3.65
	3
	2.6
	2.6
	2.1
	1.7
	2.55
	3.25
	3.95
	2.7
	3.45
	4.85
	3.2
	3.65
	4.3
	2.1

	Arsenic 


	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL

	Cadmium 


	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL

	Copper 


	9.85
	11.9
	7.75
	8
	10.4
	8.05
	8.05
	8.35
	16.65
	20.85
	9.6
	12.05
	15.35
	17.25
	13.4
	13.8
	18.55
	13.6
	12.8

	Lead 


	2.4
	3.15
	3.9
	2.2
	2.5
	2.2
	2.15
	3.8
	3.65
	3
	1.9
	1.5
	3
	3.4
	3.7
	2.9
	5.5
	4.45
	5.9

	Mercury 


	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL
	BDL

	Nickel 


	3.05
	3.2
	2.6
	3
	8.1
	7.75
	8.75
	10.55
	6.15
	8.9
	6.35
	6.4
	7.25
	10.8
	11.2
	9.4
	8.25
	8.45
	8.4

	Zinc 


	53.25
	57.95
	52.4
	53.85
	48.95
	40.05
	42.45
	34.9
	62.3
	66.6
	55.95
	65.9
	63.7
	66.55
	44.65
	54.3
	57.95
	78.8
	53.9


COD is given in mg/L all other values are in µg/L, NA – Not Applicable, BDL  – Below Detection Limit,  figures in red indicated that standard was exceeded 

Table 5.12: Sediment Results for the Guayagyauare Bay 

	Parameter 
	Station Number

	
	1
	2
	7
	10
	13
	14
	17
	18

	Aluminum 
	17270
	6346
	7826
	2707
	3715
	1464
	2829
	6425

	Antimony 
	0
	0
	0
	0
	0
	0
	0
	0

	Arsenic
	4
	3.1
	8.7
	1.9
	2.9
	11.3
	2.8
	3.1

	Barium
	53.2
	35.5
	68.4
	39.3
	56.6
	8.3
	17.1
	505

	Beryllium
	1
	0
	0
	0
	0
	0
	0
	0

	Boron
	7.46
	6.6
	1.63
	0.96
	1.75
	3.25
	1.29
	1.46

	Cadmium
	0
	0
	0
	0
	0
	0
	0
	0

	Chromium
	19.8
	8.3
	12.3
	5.7
	6.5
	8.1
	5.5
	9.9

	Cobalt
	13.7
	1.9
	0
	3.3
	3
	2.7
	2.8
	1.6

	Copper 
	16.2
	4.8
	3.4
	1.7
	2.2
	1.7
	0
	6.7

	Iron
	29409
	12058
	18019
	6703
	8455
	6293
	7800
	12493

	Lead
	25.1
	0
	0
	0
	0
	0
	0
	0

	Manganese
	310
	157
	207
	91.6
	128
	488
	204
	150

	Mercury
	0
	0
	0
	0
	0
	0
	0
	0

	Molybdenum
	0
	0
	0
	0
	0
	0
	0
	0

	Nickel 
	14.6
	4.7
	2.4
	2.5
	3.2
	0
	2.6
	4.1

	Selenium
	0
	0
	0
	0
	0
	0
	0
	0

	Silver
	0
	0
	0
	0
	0
	0
	0
	0

	Vanadium
	35.1
	10.2
	9.8
	9.7
	7.3
	7.7
	0
	11.7

	Zinc
	84
	34
	33
	19
	28
	11
	19
	52

	Total Oil & Grease 
	2123
	578
	140
	239
	535
	221
	238
	971

	Grain Size & Composition
	
	
	
	
	
	
	
	

	% Clay
	23.6
	6.6
	2.6
	16.1
	39.1
	3.7
	34.4
	5.9

	% Silt
	70.2
	47.6
	62.1
	
	
	
	
	25.0

	% Sand
	6.2
	45.8
	35.3
	83.9
	60.9
	9.63
	65.5
	67.6

	% Gravel
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1
	1.5


All values are in µg/g, NA – Not Applicable, <Value  – Below Detection Limit,  figures in red indicated that standard was exceeded 

Table 5.13: Sediment Results for Channel Data

	Parameter 
	Station Number

	
	1
	2
	3
	4
	5
	6
	7
	8

	
	
	
	
	
	
	
	
	

	Aluminum 
	14,226
	4,545
	8,259
	6,017
	5,894
	NS
	38,049
	9,475

	Antimony 
	<1
	<1
	<1
	<1
	<1
	NS
	<1
	<1

	Arsenic
	8.9
	3.9
	5.1
	4.8
	4.1
	NS
	12.7
	9.0

	Barium
	35.8
	35.7
	102
	94.9
	111
	NS
	403
	141

	Beryllium
	0.62
	<0.5
	<0.5
	<0.5
	<0.5
	NS
	1.3
	<0.5

	Boron
	2.8
	1.4
	4.1
	1.4
	1.7
	NS
	2.9
	3.0

	Cadmium
	<1
	<1
	<1
	<1
	<1
	NS
	<1
	<1

	Chromium
	19.2
	7.0
	11.3
	9.5
	8.0
	NS
	45.5
	12.9

	Cobalt
	8.4
	3.0
	1.6
	2.3
	2.0
	NS
	19.4
	2.0

	Copper 
	15.5
	8.1
	5.9
	<1
	3.4
	NS
	19.3
	<1

	Iron
	28,383
	10,381
	15,771
	10,378
	11,260
	NS
	33,434
	17,118

	Lead
	21.9
	<2
	<2
	<2
	<2
	NS
	48.5
	<2

	Manganese
	306
	161
	221
	245
	179
	NS
	853
	342

	Mercury
	<0.05
	<0.05
	<0.05
	<0.05
	<0.05
	NS
	<0.05
	<0.05

	Molybdenum
	<2
	<2
	<2
	<2
	<2
	NS
	4.4
	<2

	Nickel 
	11.7
	4.0
	4.8
	4.2
	4.2
	NS
	27.0
	5.0

	Selenium
	<1
	<1
	<1
	<1
	<1
	NS
	<1
	<1

	Silver
	<0.3
	<0.3
	<0.3
	<0.3
	<0.3
	NS
	<0.3
	<0.3

	Vanadium
	9.8
	3.1
	10.3
	BDL
	5.7
	NS
	29.9
	<1

	Zinc
	94.5
	33.9
	42.2
	25.1
	30.8
	NS
	183
	45.0

	Total Oil & Grease 
	1512
	647
	1278
	196
	704
	NS
	1983
	8955


Table 5.13 (cont’d): Sediment Results for Channel Data

	TPH
	

	C5 – 10 
	<10
	<10
	<10
	<10
	<10
	NS
	<10
	<10

	C10 – 24 
	1100
	170
	340
	<10
	<10
	NS
	720
	250

	C24 – 50 
	1100
	200
	400
	<10
	<10
	NS
	840
	350

	Grain Size & Composition
	
	
	
	
	
	
	
	

	% Clay
	1.3
	20.3
	7.0
	5.6
	2.3
	NS
	15.3
	2.7

	% Silt
	36.2
	72.3
	73.2
	43.2
	54.5
	NS
	61.6
	41.4

	% Sand
	61.8
	7.4
	19.8
	51.2
	43.2
	NS
	20.2
	55.5

	% Gravel
	0.7
	0.0
	0.0
	0.0
	0.0
	NS
	2.9
	0.4


All values are in µg/g, NA – Not Applicable, <Value  – Below Detection Limit, TPH – Total  Petroleum Hydrocarbon, NS – No Sediment Obtained, figures in red indicated that standard was exceeded 

5.11.4 Water Quality – Guayaguayare Bay 

Ammonical Nitrogen – No stations exceeded the WPR 2001 standard even when the most stringent standard of ESA was used.

Biological Oxygen Demand (BOD) – No station exceeded the relevant standard (30mg/L – Inland Surface Water) for this parameter. 

Chemical Oxygen Demand (COD) – the WPR standard of 250mg/L was exceeded at all stations with the exception of WS 1, 3 and 4.  This widespread prevalence of high COD suggests that the numerous maritime activities in the area may contribute to the COD levels found.  This point is further supported by the COD concentrations throughout the Bay. The land based concentration of COD (as shown in Figure 5.15) were all below the WPR 2000 standard where as all stations in the Bay exceeded the standard.  
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Figure 5.15: COD Concentrations throughout the Guayaguayare Bay

Dissolved Oxygen (DO) – No station were below the relevant standard for this parameter.

Faecal coliforms – WS 1, 3, 4 and 19 (1217, 8350, 105000 and 1600 counts/100cm respectively) all exceeded the Faecal coliforms standard. Stations 1, 3 and 4 are all land based stations and are impacted by the activities of human settlements and as such the Faecal coliforms values at these locations are not unexpected. The values at Station 19 may be due to some transient site specific anomaly. 

Cyanide – was not detected at any of the stations sampled. 

TSS – WS 1 – 4 were above the standard for inland surface waters. All other stations were within range for their respective standards. The suspended material at WS 1 – 4 is due to the transportation of material from upper reaches of the river course in the case of WS 1 – 4. WS 4 high TSS may be due to the presence of a settlement in close proximity of the watercourse and the resulting domestic wastewater emanating from this area. The low flow of this watercourse may also be a factor in the elevated levels of suspends solids. 

Metals

Dissolved Iron – The WPR 2000 standard for this parameter was not exceeded at any of the stations sampled. 

Dissolved Hexavalent Chromium (Cr6+) – Exceeded the standard (0.1mg/L) at WS 13 (5.2 mg/L) and 20 (82 mg/L). The stations that exceeded the standard are both located close to the Facility and the values are therefore related to the activities at this facility. 

Arsenic – The WPR 2000 standard for this parameter was not exceeded at any of the stations sampled.

Cadmium – The WPR 2000 standard for this parameter was not exceeded at any of the stations sampled.

Copper – The WPR 2000 standard for this parameter was not exceeded at any of the stations sampled. 

Lead – The WPR 2000 standard for this parameter was not exceeded at any of the stations sampled. 

Mercury – The WPR 2000 standard for this parameter was not exceeded at any of the stations sampled. 

Nickel – The WPR 2000 standard for this parameter was not exceeded at any of the stations sampled. 

Zinc – The WPR 2000 standard for this parameter was not exceeded at any of the stations sampled.  

5.11.5 Sediment Quality: Guayaguayare Bay and Galeota Port   Approach Channel 

Sediment was obtained for eight of the nineteen water quality stations monitored. The remaining stations consisted of hard bottom substrates and thus sediment samples could not be drawn from these locations. The sediment quality was assessed for the presence of Trace Metals and Total Oil & Grease. The results of these analyses are shown in Table 5.12 and Table 5.13 above. Figure 5.6 above shows the location of the stations for the Guayaguayare Bay assessment and Table 5.14 gives the coordinates of these stations. Figure 5.8 below shows the location of the Galeota Port approach channel sampling stations and Table 5.15 gives the coordinates of  the station locations for this study. 

In order to assess the sediment quality the results were compared to the NOAA’s Threshold Effects Level (TEL) values for both marine and freshwater sediments for the respective samples. This assessment is presented below. 

Table 5.14: Coordinates of Stations from which Sediment Samples were obtained – Guayaguayare Bay 

	Station Name
	Easting
	Northing
	Station Description
	TEL Standard Applied

	WS Station 1
	712915.5
	1120349
	Inland Surface Water
	Freshwater Sediment 

	WS Station 2
	713643.4
	1120881
	Inland Surface Water
	Freshwater Sediment

	WS Station 7
	715721.9
	1119241
	Marine Offshore
	Marine Sediment

	WS Station 10
	713887.9
	1120679
	Coastal Nearshore
	Marine Sediment

	WS Station 13
	718656.5
	1122313
	Coastal Nearshore
	Marine Sediment

	WS Station 14
	718486.6
	1121288
	Coastal Nearshore
	Marine Sediment

	WS Station 17
	713731.7
	1119314
	Coastal Nearshore
	Marine Sediment

	WS Station 18
	718754.8
	1121487
	Coastal Nearshore
	Marine Sediment


Metals

Aluminum – No sediment quality criteria exist for this parameter. It should however be noted that Aluminum is quite common in Tropical soils and as such it is likely to be found in relatively high concentrations in both soils and sediment. Thus its presence in all the stations from which sediment was obtained.   

Antimony – No sediment quality criteria exists for this parameter, and the levels discovered were below the method detection limit of 1µg/g at all stations from which samples were obtained. 

Arsenic – Arsenic was discovered at all locations sampled, however the levels found were above the NOAA’s TEL of 7.24 µg/g at WS 7 (8.7µg/g) and WS 14 (11.3µg/g). The presence of Arsenic at elevated levels in the environment is common as it is naturally a occurring element.  The elevated levels at WS 7 and 14 are most likely due to site specific conditions that are not immediately identifiable.  
Barium – Barium was discovered at all locations sampled with the highest recorded figure for this parameter being 505µg/g at WS 18. No TEL exists for this parameter.

Beryllium – Barium was discovered at WS 1 only. At this location the value was 1.0µg/g. no TEL exists for this parameter.

Boron – Boron was discovered at all locations sampled with the highest recorded figure for this parameter being 4.1µg/g. No SQUIRT TEL exists for this parameter.

Cadmium – This parameter was below the detection limit for all sampling locations.

Chromium – Chromium was found at all locations where a sample was obtained. The highest recorded level of Chromium was 45.5µg/g (Station 7), which is below the TEL of 52.30µg/g for this parameter.  

Cobalt – Cobalt was found at all stations from which samples were obtained with the highest recorded level for this parameter being 19.4µg/g at Station 7. No TEL exists for this parameter. 

Copper – Copper was found at five of the seven station locations from which samples were obtained. The highest value obtained for this parameter was 19.3µg/g which was at Station 7. This value however, was just above the TEL of 18.70µg/g for this parameter.
Iron – Iron was found at all the stations from which samples were obtained. The levels of Iron in the sediment are within the range of what is expected for this parameter. The highest recorded value for iron was 33,434µg/g found at Station 7. No TEL exists for this parameter. 
Lead – Lead was found at Stations 1 & 7, at the remaining five stations Lead was not detected. The highest level of Lead was found at Station 7 which had a value of 46.70µg/g which is above the TEL for this parameter of 33.434µg/g.

Manganese – This parameter was found at all the stations that were sampled with the highest level being found at Station 7 (853µg/g). There exists no TEL for this parameter. 

Mercury – This parameter was below the detection limit for all of the stations sampled. The detection limit for this parameter was 0.05µg/g and the TEL 0.696µg/g. 

Molybdenum – This parameter was below the detection limit for all but one of the stations sampled. At Station 7 the recorded levels of this parameter was 4.4µg/g (Station 7). There exists no TEL for this parameter. 

Nickel – Nickel was found at all stations, however the highest concentration was found at Station 7. The concentration at this location was 27.0µg/g while the TEL for Nickel 15.90µg/g.

 Selenium – Selenium was below the detection limit for all stations. There exists no TEL for this parameter.

Silver – Silver was below the detection limit for all stations. The TEL for this parameter is 0.73µg/g.

Vanadium – Vanadium was detected at five of the seven stations sampled. The highest concentration of this parameter was found at Station 7 (29.9µg/g). There exists no TEL for this parameter. 

Zinc – The TEL of 124.00µg/g for this parameter was not exceeded. Zinc was detected at all stations from which a sample was obtained however; the only value exceeding the sediment quality was obtained at Station 7 where 183µg/g was recorded. 

Oil and Grease

The levels of oil and grease detected varied from a low of 140µg/g (WS 7) to a maximum of 2123µg/g (WS 1), with only one station exceeding 1000µg/g.  At WS 1 the levels of Oil & Grease indicate that anthropogenic sources have resulted in contamination of this water course. It is likely that this watercourse is being affected by upstream activities.   

Table 5.15: Station Locations and Descriptions

	Station Number


	Coordinates

	
	Northing
	Easting

	Station 1
	718827.55
	1121269.85

	Station 2
	718702.09
	1121241.49

	Station 3
	718549.18
	1121152.05

	Station 4
	718048.87
	1120454.43

	Station 5
	718331.31
	1120929.45

	Station 6
	718145.43
	1120690.87

	Station 7
	718189.56
	1120806.89

	Station 8
	718392.37
	1121022.32
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Figure 5.16: Galeota Approach Channel

Metals

Aluminum – No sediment quality criteria exists for this parameter. It should however be noted that Aluminum is quite common in Tropical soils and as such is found in relatively high concentrations in both soils and sediment. Thus its presence in all the stations from which sediment was obtained.   

Antimony – No sediment quality criteria exists for this parameter, and the levels discovered were below the method detection limit of 1µg/g at all stations from which samples were obtained. 

Arsenic – Arsenic was discovered at all locations sampled, however the levels found were above the TEL as described in the NOAA’s SQUIRT at Station 1, Station 7 and Station 8. The highest recorded figure for this parameter was 12.7µg/g (Station 7), whereas the SQUIRT TEL is 7.24 µg/g. 

Barium – Barium was discovered at all locations sampled with the highest recorded figure for this parameter being 403µg/g (Station 7) no SQUIRT TEL exists for this parameter.

Beryllium – Beryllium was discovered at two (2) of the locations sampled with the highest recorded figure for this parameter being 1.3µg/g which was found at Station 7.  No SQUIRT TEL exists for this parameter.

Boron – Boron was discovered at all locations sampled with the highest recorded figure for this parameter being 4.1µg/g. No SQUIRT TEL exists for this parameter.

Cadmium – This parameter was below the detection limit for all sampling locations.

Chromium – Chromium was found at all locations where a sample was obtained. The highest recorded level of Chromium was 45.5µg/g (Station 7), which is below the TEL of 52.30µg/g for this parameter.  

Cobalt – Cobalt was found at all stations from which samples were obtained with the highest recorded level for this parameter being 19.4µg/g at Station 7. No TEL exists for this parameter. 

Copper – Copper was found at five of the seven station locations from which samples were obtained. The highest value obtained for this parameter was 19.3µg/g which was at Station 7. This value however, was just above the TEL of 18.70µg/g for this parameter.
Iron – Iron was found at all the stations from which samples were obtained. The levels of Iron in the sediment are within the range of what is expected for this parameter. The highest recorded value for iron was 33,434µg/g found at Station 7. No TEL exists for this parameter. 
Lead – Lead was found at Stations 1 & 7, at the remaining five stations Lead was not detected. The highest level of Lead was found at Station 7 which had a value of 46.70µg/g which is above the TEL for this parameter of 33.434µg/g.

Manganese – This parameter was found at all the stations that were sampled with the highest level being found at Station 7 (853µg/g). There exists no TEL for this parameter. 

Mercury – This parameter was below the detection limit for all of the stations sampled. The detection limit for this parameter was 0.05µg/g and the TEL 0.696µg/g. 

Molybdenum – This parameter was below the detection limit for all but one of the stations sampled. At Station 7 the recorded levels of this parameter was 4.4µg/g (Station 7). There exists no TEL for this parameter. 

Nickel – Nickel was found at all stations, however the highest concentration was found at Station 7. The concentration at this location was 27.0µg/g while the TEL for Nickel 15.90µg/g.

 Selenium – Selenium was below the detection limit for all stations. There exists no TEL for this parameter.

Silver – Silver was below the detection limit for all stations. The TEL for this parameter is 0.73µg/g.

Vanadium – Vanadium was detected at five of the seven stations sampled. The highest concentration of this parameter was found at Station 7 (29.9µg/g). There exists no TEL for this parameter. 

 Zinc – The TEL of 124.00µg/g for this parameter was not exceeded. Zinc was detected at all stations from which a sample was obtained however, the only value exceeding the sediment quality was obtained at Station 7 where 183µg/g was recorded. 

Oil and Grease

The levels of oil and grease detected at the seven locations sampled shows that oil and grease range from 196µg/g to 8955µg/g, with the highest concentration of this contaminant obtained at Station 8. Other exceedances of the TEL were observed at stations 1, 3 & 7. 

Total Petroleum Hydrocarbons 

The gasoline range of petroleum hydrocarbons was not detected at any of the stations sampled. The presence of petroleum hydrocarbons in the diesel and heavy oil range was detected in all but Stations 4 & 5. The prevalence of higher series hydrocarbons is expected as the primary fuel used for fueling ships tends to be the higher series hydrocarbons. The presence of the higher series hydrocarbons is therefore directly related to the nature of the shipping operations within the channel. The fact that the highest concentration of these hydrocarbons was found at Station 1 is further evidence in support of this as the residence time for a vessel in this area is likely to be significantly higher than at any other point in the channel. 

5.11.6 Summary 

Water Quality
1. The ambient water quality in the Bay is well within specifications for trace metals as only dissolved hexavalent Chromium at WS 13 exceeded the standard. 

2. All physical parameters (pH, Temperature, Dissolved Oxygen and Salinity) were all within accepted ranges for tolerance for aquatic organisms. 

3. The nutrient (Ammonia, Nitrates, Nitrites and Phosphates) levels were all within accepted ranges for tolerance for aquatic organisms.

4. The Faecal Coliform results indicate that the settlement patterns have affected the water quality of land based water bodies. 

5. COD is problematic within the wider Guayaguayare Bay area and it is most likely due to the boating, fishing and oil production operations in the area. It should however be noted that the higher than expected levels of COD do not appear to significantly affect the concentration of dissolved oxygen in the Bay. 

Sediment Quality

1. The sediment quality within the wider Guayaguayare Bay is within the level of tolerance for aquatic organism survival. One area of concern was WS 7 which exceeded the criteria for seven trace metals. 

2. The sediment quality in the approach channel indicated that the operation of the Port has significantly affected the sediment quality in this area.    




Figure 5.3:	Tectonic Elements of the Southeast Caribbean (Spedd 1985)
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� EMBED PowerPoint.Slide.8  ���The section above shows the Gros Morne Formation dipping


    steeply to the south under the Guayaguayare Bay. To the north,   
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