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Editorial 
 

I. Notes from the Editor 
 
The Association of Professional Engineers of Trinidad 
and Tobago (APETT) hosted its 2014 Annual Technical 
Conference (ATC) on the theme of “Engineering for 
Disaster Preparedness and Management”, that was held at 
the Cara Suites Hotel, Claxton Bay, Trinidad on 23rd-24th 
January 2014. With the feature presentation on Caribbean 
natural hazards made by Tony Gibbs, the Conference 
comprised three panel discussions on 1) Erosion Control 
(by Ewoud Heesterman), 2) Observing and Forecasting 
the Weather (by Tyrone W. Sutherland), and 3) Logistics 
and Disaster Preparedness and Management (by Zaffar 
Khan), along with a total of twenty professional 
presentations addressing various topics and areas 
associated with the conference theme.  

 In line with the APETT Journal’s aim to provide a 
broad coverage of subjects relating to engineering, all 
ATC presenters were invited to extend the scope and 
contents of their presentations/contributions to meet the 
engineering rigor for this Special Issue of the Journal of 
APETT. The Journal welcomes the submission of papers 
in various engineering disciplines and related areas. 
Preference will be given to papers describing original 
engineering work, or material of specific interest to 
engineers and those working in related fields, in Trinidad 
and Tobago and the Caribbean region. After a rigorous 
peer review process, four extended manuscripts were 
published in this issue that demonstrates a balanced set of 
quality contributions originated from the Conference.  

The Association and its members will continue to 
play a role in supporting disaster management in Trinidad 
and Tobago and by extension the Caribbean through 
participation in the preparation in the planning and 
response process, and through education and training. 

 
 

II. About This Issue 
 
This Special Issue (Volume 42 Number 2) of the Journal 
includes four (4) technical and/or research articles along 
with the messages from the Conference Chair and the 
excerpted abstracts of panel discussions and presentations 
of engineers, engineering and associated practitioners at 
the 2014 APETT Annual Technical Conference. The 
relevance and usefulness of these articles are summarised 
below. 

T.W. Sutherland, “Weather Observing and 
Forecasting and the Hurricane Warning System in the 
Caribbean”, looks at the tools available in observing the 
state of the weather over the entire world, and the 
interactions between the land, oceans and atmosphere, as 
well as the tools and methods used to diagnose and predict 
the current and future state of the weather.  The paper 
looks at the Caribbean’s own contribution to the global 

observing systems and, in particular, will examine the 
workings of the regional hurricane warning system that is 
a major component of disaster preparedness and response. 

C.P. Braden, M. Ahluwaliab and C.T. Ray, 
“Methodology of Seismic Modelling of a Multi-Span 
Semi-Integral Bridge”, provide a basic understanding of 
the analysis requirements of the AASHTO LRFD 
Specifications and present a methodology for analysing a 
multi-span, semi-integral structure in a seismically active 
region such as Trinidad and Tobago. The methodology 
describes the use of a three-dimensional finite element 
model utilising non-linear soil springs, an acceleration 
response spectrum, and elastic bearing connections. The 
design of a multi-span bridge in a seismic region requires 
a refined analysis to determine the substructure response 
and to account for the force generated by the acceleration 
of the superstructure mass with consideration to multi-
modal behaviour.  

P. Narinesingh, “An Assessment of River 
Maintenance Practices in Trinidad and Tobago”, presents 
examples of the inadequate practices of maintenance of 
rivers through urban areas, wetlands, irrigation systems 
and bridge crossings and includes recommendations for 
corrective action. The perception that maintenance of 
rivers and drains is the removal of sediments to increase 
flow capacity and to line channels with concrete to 
prevent erosion is evident in the present maintenance 
works in Trinidad and Tobago. Maintenance requires a 
holistic view and a multi-objective planning approach as 
opposed to a narrow view of flood water conveyance.  

In his paper, “An Implementation Review of the 
National Oil Spill Contingency Plan (NOSCP) for 
Trinidad and Tobago 2013”, M. Rudder underlines the 
importance of the revised 2013 NOSCP for the nation 
with respect to the changes from the old plan of 1977. He 
discussed two major initiatives incorporating 1) the 
adoption of the Incident Command System (ICS) for 
management of oil spills, and 2) the establishment of a 
Tier II Oil Spill Response Organisation (Tier II OSRO). 
There would be a need to educate relevant persons in 
facilitating and promoting proper NOSCP implementation 
of the plan so that various aspects of the plan could 
function as intended. 
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Messages from the Chair of The 2014 APETT Annual Technical Conference   
 

Haydn I. Furlonge 
 

The Association of Professional Engineers of Trinidad and Tobago, Professional Centre, Wrightson Road, Port of Spain,  
Trinidad and Tobago, West Indies; E-mails: president@apett.org; apett@mail.tt 

 
 
The Executive Council of 2013/14 under the leadership of 
then President Eng. Margarita Leonard undertook the bold 
and much-needed initiative of re-launching the APETT 
Annual Technical Conference, which was held on 23rd-
24th January, 2014 at Cara Suites Hotel and Conference 
Centre, Claxton Bay, Trinidad. 

The theme of the Conference “Engineering for 
Disaster Preparedness and Management” sought to 
address, what was and still is perceived as a growing 
concern in the national arena as well as regionally, our 
vulnerability as a small island developing state.  Recent 
natural events which resulted in disaster were reasons 
enough, but it is also a lack of dispassionate, technically 
sound discourse that was the main motivator for this 
Conference. 

We were pleased to have in the Conference Agenda 
a diverse mix of senior professionals from private sector 
companies such as Trinidad Cement Limited and Atlantic 
LNG; utilities including TSTT, TTEC, WASA; consulting 
firms such as Alpha Engineering and Design, APDSL, 
Atkins Oil and Gas, Halcrow Group (T&T) Limited; 
disaster planning State agencies such as ODPM, Ministry 
of Environment and the Water Resources, Ministry of 
Energy and Energy Affairs, Trinidad and Tobago 
Emergency Mutual Aid Scheme, and Caribbean 
Meteorological Organisation; as well as from academia 
(UWI and Arthur Lok Jack Graduate Business School). 
We were especially glad to have overseas-based 
representatives from CH2M HILL of Florida, Caribbean 
Civil Group Limited of Bahamas, and Grenada Electric. 

The Opening Ceremony comprised a Keynote 
Address on behalf of Senator the Honourable Gary 
Griffith the Minister of National Security with 
responsibility in Trinidad and Tobago (T&T) for disaster 
management, delivered by Advisor to the Minister of 
National Security, Mr. Wayne Riley. The Feature 
Speaker, Eng. Tony Gibbs provided an in-depth scan of 
major disasters arising from natural and anthropogenic 
events around the Caribbean. There was a most interesting 
Panel Discussion on “National Challenges of Small Island 
Developing States” by Professor John Agard, Eng. Ewoud 
Heesterman, Tyrone Sutherland, and Dr. Zaffar Khan. 
There were nineteen technical presentations, out of which 
papers have been submitted, peer-reviewed and edited in 
this Special Issue of the APETT Journal. Participants 
should note that video recording is also available.  Much 

gratitude is owed to Eng. Professor Kit Fai Pun, APETT 
Journal Editor, for accommodating this request and for his 
usual dedication to APETT and high journal standard.   

We must say thanks to our Sponsors, for boldly 
partnering with us and in supporting this important 
contribution: our Platinum Sponsor Trinidad Cement 
Limited; Gold Sponsors CEP Limited; Bronze Sponsor 
Office of Disaster Preparedness and Management; 
Sponsor of the Conference Reception, Methanex Trinidad 
Limited; Breakfast Sponsor, Atlantic LNG; and other 
generous Sponsors including APR Associates Limited, 
Alpha Engineering, Fluor, CEMAS, Geotech Associates; 
The University of the West Indies and the National 
Energy Skills Centre. 

The Conference Organising Committee comprised 
Engineers Neil Dookie, Fazir Khan, Roger Chan Soo, 
Narine Singh, Kerrin Burgess, Frank Barnes, Sarmad 
Yaseen, Imtiaz Easahak, other Members of Council, 
Noreen Mitchel, and our Event Manager Eng. Fayola 
Bostic.   

The Conference Chair would like to take this 
opportunity to make mention of the new Strategic Plan of 
the 2014/2015 Executive Council, which seeks to un-tap 
the tremendous potential of APETT to positively 
influence the development of Engineers and the 
Engineering Profession in Trinidad and Tobago.  This 
requires us to pursue opportunities for increasing value to 
our members and the wider society, and improving 
financial and resource management within the 
organisation itself.  We need to develop a fresh way of 
getting the job done, and a new organisation structure, one 
that is inclusive which will seek to engage all APETT 
members, other Engineers and the wider community.    
Indeed the Vision of this Council is “to lead the 
advancement of the Engineering Profession in Trinidad 
and Tobago through effective collaboration with All 
Stakeholders”. It is time to deepen our level of 
collaboration. 

We hope that this publication will be carefully read 
and its recommendations considered for implementation 
or further analysed. The overarching conclusion is that 
whilst there have been tangible improvements in the 
management of disasters and humanitarian logistics, there 
are instances where lessons can be learnt and these are 
outlined herein. Further, there are scientific tools and 
engineering insight as presented which, if adopted, can 
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help to reduce damage, avoid fatalities, and minimise 
losses from natural and anthropogenic events.  We look 
forward to APETT’s next Technical Conference and to 
your participation. 
 
 

Eng. Dr. Haydn I. Furlonge (MAPETT, R.Eng., FIChemE, C.Eng.) 
APETT Technical Conference Chair 2014 

APETT President 2014/2015 
 
 
 
 
APETT Annual Technical Conference 2014 Sponsors: 
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Weather Observing and Forecasting and the Hurricane Warning System in the 
Caribbean   

 
Tyrone W. Sutherland 

 
Caribbean Meteorological Organisation, Port of Spain, Trinidad and Tobago, West Indies;  

E-mails: TSutherland@cmo.org.tt; suthcmo@tstt.net.tt 

(Received 25 February 2014; Revised 24 April2014; Accepted 5 May 2014) 
 
Abstract: Forecasting the weather is not a matter of looking through the window or into a crystal ball. Meteorology is the 
scientific study of the behaviour of the atmosphere. The atmosphere has been studied for centuries, but true progress in 
understanding the science of the atmosphere started in the 18th century.  Through the research at that time, it already became 
clear that the variables which exist in the atmosphere (such as temperature, air pressure and water vapour) interact and 
change spatially and in time, thus affecting the weather and climate on local, regional and global scales. It thus became 
obvious that understanding the atmosphere required proper observations of these variables around the world, so that in the 
19th century, several countries began developing weather observing networks. Until the advent of computers, weather 
forecasting was crude, but the second half of the 20th century brought enormous breakthroughs in computing and 
communication capabilities and in new methods of observations, leading to massive strides in weather observing, forecasting 
and warnings. Like medicine, the more information a doctor has about a patient’s body, the greater the ability to diagnose a 
condition and to predict the future state of the patient. In meteorology, the “body” is the entire world, comprising the land, 
oceans and atmosphere. This paper will take a quick look at the tools available in observing the state of the weather over the 
entire world, and the interactions between the land, oceans and atmosphere, as well as the tools and methods used to diagnose 
and predict the current and future state of the weather. The paper will then look at the Caribbean’s own contribution to the 
global observing systems and, in particular, will examine the workings of the regional hurricane warning system that is a major 
component of disaster preparedness and response.  

Keywords: Global, observing, system, weather, forecasting, Caribbean 
 
1. Introduction 
Meteorology can be defined as the scientific study of state 
and behaviour of Earth's atmosphere and climate.  It can 
also be defined as a study of relationships and changes in 
temperature, air pressure, moisture and wind in the 
troposphere that produce the weather at any place on 
Earth.  Almost all weather on Earth occurs in the 
Troposphere, which is the lowest layer of Earth's 
atmosphere, extending from the surface to 6 to 20 km (4 
to 12 miles) high.  The height of the troposphere varies 
from the equator to the poles.  At the equator, it is around 
18 to 20 km (11 to 12 miles) high; at latitudes 50°N and 
50°S, 8 to 9 km (5½ miles) and at the poles, just under 6.5 
km (four miles) high.  To understand and thus predict the 
weather, it is necessary to measure, in a globally 
coordinated manner, all the variables in the atmosphere 
that define the weather itself.   
 
2. Observing the Weather 
Modern meteorology depends on the near instantaneous 
exchange of coordinated weather information among all 
nations across the entire globe, irrespective of political 
boundaries.  These global observations and data exchange 
are carried out under the programmes of the World 
Meteorological Organisation (WMO) and of other 
relevant international organisations. WMO’s Global 

Observing System comprises observing facilities on land, 
at sea, in the air and in outer space.  These facilities are 
owned and operated by countries themselves in an agreed 
global scheme so that all countries can benefit from the 
consolidated efforts.   

Figure 1 shows the Global Observing System that 
comprises networks that collect meteorological, 
climatological, hydrological, marine and oceanographic 
data from about 11,000 land-based stations, 1,300 upper-
air (radiosonde) stations, about 3,000 specially equipped 
commercial aircrafts that provide more than 300,000 
observations per day, 4000 merchant ships, over 
100 moored buoys, 1,200 drifting buoys, hundreds of 
weather radars and about 20 operational satellites, 
complemented by an almost equal number of Research 
and Development satellites (see Figure 2). Other 
observation platforms include wind profilers, solar 
radiation observations, lightning detection systems and 
tide-gauge measurements.  The number of observing 
systems has been steadily increasing. 

As will be shown, data exchanges under the Global 
Observing System are used for the preparation of 
operational weather forecasts, warnings and related 
information.  The same information also contributes to 
long-term climate studies and other environmental 
activities. 

   ISSN 1000 7924
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Figure 1. Components of WMO’s Global Observing System 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. 2013 Constellation of geostationary and low-earth-
orbiting Weather Satellites (Source: WMO) 

 
How is this massive amount of data exchanged 

globally in a near instantaneous manner? WMO’s Global 
Telecommunication System (GTS) is a co-ordinated 
system of telecommunication facilities and arrangements 
for the rapid collection, exchange and distribution of 
observations and processed information.  It connects the 
National Meteorological Services in all countries through 
a set of 15 Regional Telecommunication Hub (RTH) 
facilities, three World Meteorological Centres and a 
number of Regional Specialised Meteorological Centres 
for round-the-clock reliable and near-real-time collection 
and distribution of all meteorological and related data, 
forecasts and alerts.  Via the GTS, for example, data from 
Australia should reach the Caribbean within four minutes 
of transmission (see Figure 3). 
 
3. Data Analysis 
The WMO Global Centres undertake detailed analyses of 
the three-dimensional structure of the atmosphere with 
global coverage, while Regional Centres and National 
Meteorological Services’ Forecast Offices undertake 

hemispheric or sub-hemispheric analyses as required for 
their operations, as shown in Figures 4 to 8. 

While observations on land, sea, air and in space are 
carried out every hour round-the-clock, and often more 
frequently, the detailed three-dimensional analysis of the 
elements is carried out at three or six hour intervals when 
the greatest number of elements are observed. How do we 
move from observing and analysing the atmospheric 
elements or variables to producing a weather forecast? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. WMO’s Global Telecommunication System (GTS) 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Large-scale surface analysis of weather features  
(Source: NOAA/NWS) 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Analysis of upper level winds, temperature & moisture 
patterns features (Source: NOAA/NWS) 
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Figure 6. Satellite-based global rainfall analysis (Source:NASA) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Global sea surface temperature analysis (Source: NASA) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 8. Satellite-based global cloud analysis (Source: NOAA) 

 
4. From Observing to Forecasting the Weather 
The variables that exist in the atmosphere (such as 
temperature, air pressure and water vapour) interact and 
change spatially and in time.  The relationship between 
these variables in the atmosphere can be described 
through series of complex mathematical equations that 
approximate global atmospheric flow in space and time. 

In a simplistic manner, the premise, therefore, is to 
convert the actual weather conditions over the globe into 
mathematical expressions of these variables, then project 
them forward in time.  The results would then be 
reconverted into usable forms, such as weather maps of 
the future, which would then be interpreted to produce a 

weather forecast at various time steps. 
This is demonstrated in the following sample of 

equations that describe the global flow in space and time.  
These equations are taken from the US National Weather 
Service publications on dynamic meteorology. Nearly all 
forms of these simplified primitive equations (shown here 
in sigma coordinate system, polar stereographic 
projection) relate the variables u, v, ω [east-west; north-
south and vertical wind components], temperature T, 
precipitable water W, pressure p and their evolution over 
3-dimential space (x, y and z) and time (t). 

Zonal wind (u): 

 (1) 
Meridional wind (v): 

 (2) 
Temperature (T): 

  (3) 
Precipitable water (W): 

  (4) 
Pressure (p) thickness: 

  (5) 
The intent here is not to describe the equations in 

detail, but to demonstrate the relationships in space and 
time (in particular), thereby allowing a future state of the 
variables to be determined. 

Very powerful computers are required to solve these 
complex equations. The three (3) WMO World 
Meteorological Centres in Washington, Moscow and 
Melbourne continuously run large-scale numerical models 
to provide guidance to all countries, while the Specialised 
Regional Centres and some national centres run numerical 
models in limited areas. The results, reconverted into 
usable map forms, as shown in Figure 9, are disseminated 
to all countries via WMO’s Global Telecommunication 
System.   

At this stage, an important step in the process is the 
human interpretation and adjustment of Numerical 
Weather Prediction results, often as an ensemble of 
various numerical models, by National Meteorological 
Services to produce the local forecasts.  The entire process 
described above can be summarised in Figure 10, which 
describes the stages from global observations taken on 
land, sea, air and space, followed by the data processing 
and the numerical weather prediction stage at large 
centres, then the distribution to regional and national 
centres for the preparation of specialised weather 
forecasts. 
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Figure 9. Numerical model output before local modification 
(Source: NOAA) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. The process from weather observing, to forecasting, to 

product delivery (Source: WMO) 

 
5. The Caribbean Region – Special Tools; Tropical 

Cyclone Forecasting and Warnings 
The preceding sections of this paper dealt with the types 
of observing platforms on a global scale.  All of these can 
be found in the Caribbean region and surrounding North 
Atlantic Ocean. As will be shown below, this region has 
one other observing platform that is generally not found in 
other parts of the world. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Hurricane Tomas on the Barbados weather radar, 
October 2010 (CMO) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. Scattered weather on the Trinidad weather radar (CMO) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. Regional weather radar coverage - from Belize to French 

Guiana (Source: CMO) 

 
It is important to note that the nearest landmass east 

of the Eastern Caribbean island chain is the West African 
coast, roughly three thousand miles away.  Most of the 
weather that affects the Caribbean comes across the North 
Atlantic Ocean, particularly during the Hurricane Season 
from June to November each year.  The observational data 
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over this large expanse of water varies day by day, 
depending on the number of specially equipped merchant 
ships and commercial aircraft crossing the area. 

Just to the East of the island chain and scattered 
through the Caribbean Sea are some moored weather 
buoys, owned and operated by France and the USA.  The 
region is now well covered by a network of modern 
Doppler weather radars, including six by the Caribbean 
Meteorological Organisation (CMO), that monitors 
weather within 400 km of the radars.  This is a very 
important tool in surveillance of tropical cyclones and 
other severe weather that may cause natural disasters 
across the islands (see Figures 11-13).    

Unique to the North Atlantic and Caribbean region is 
the special use of Reconnaissance Aircraft for the 
surveillance of tropical storms and hurricanes that pose a 
threat to land.  The hurricane reconnaissance programme 
is operated by the USA through the National Oceanic and 
Atmospheric Administration (NOAA) and the US Air 
Force Reserve.  NOAA uses a specially configured 
Gulfstream IV jet aircraft to collect, process and transmit 
vertical atmospheric soundings in the high altitude 
environment of the tropical storm or hurricane.   

NOAA’s Lockheed P-3 Aircraft and the USAF 
Reserve’s Lockheed WC-130J Hercules, commonly 
known as ‘Hurricane Hunters’, are used for low-level 
weather reconnaissance, penetrating the storm in a 
predetermined pattern that provides a detailed look at the 
structure of the storm, its position, movement, size and 
intensity (see Figure 14). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14. USAF Reserve’s Lockheed WC-130J ‘hurricane hunter’ 

(Sources: NOAA and USAF) 

 
The data is provided to hurricane forecasters in real-

time depicting the patterns surrounding the storm or 
hurricane and is also used in computer models that help 
forecasters make storm predictions. 

Tropical cyclone monitoring, forecasting and 
warnings around the world are organised by the WMO 
through five regional Tropical Cyclone bodies.  For the 
Atlantic/Caribbean and Eastern North Pacific, this 
regional body is a Hurricane Committee comprising 
hurricane specialists from North America, Central 
America and the Caribbean.   

Among the functions of this Hurricane Committee is 
the establishment of regional hurricane procedures and 
products, hurricane names, aircraft reconnaissance 
surveillance patterns, regional coordination of warnings, 
etc.  The Hurricane Committee, which meets annually, is 
led by the US National Hurricane Center, located in 
Miami, Florida.  The Center runs several special hurricane 
numerical models and serves as the monitoring and 
advisory centre for the Americas and Caribbean area.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 15. WMO Regional Tropical Cyclone bodies (WMO) 

 
Tropical cyclone warnings, however, are issued by 

individual National Meteorological Services for their own 
territories and coastal waters, in close consultation with 
the Hurricane Center.  Not all National Meteorological 
Services are at the same technical and scientific level.  
Therefore, within the English-speaking Caribbean, the 
Caribbean Meteorological Organisation (CMO) has 
established a system in which the Meteorological Services 
with a forecast and warning capability provides the same 
services for the smaller States without a forecast 
capability. 

Under these CMO arrangements, Antigua and 
Barbuda, Barbados, Belize, Cayman Islands, Grenada, 
Jamaica, Saint Lucia, Trinidad and Tobago all have 
Forecast and Warning Offices.  Antigua and Barbuda 
provides this service to the Leeward and British Virgin 
Islands, Barbados does the same for Dominica and 
St. Vincent and the Grenadines, while Trinidad and 
Tobago provides tropical cyclone warnings for Grenada. 
 
6. All Data is Critical 
To study the weather and to make weather forecasts, it is 
necessary to collect data over the entire planet.  This in 
itself poses many special challenges because roughly 71% 
of the Earth’s surface is water, with 29% made up of the 
Earth’s continents and islands (see Figure 16).  Most of 
that 71% in water is salt water oceans and seas, with a 
small amount in freshwater lakes, glaciers and the polar 
ice caps.   
 



T.W. Sutherland: Weather Observing and Forecasting and the Hurricane Warning System in the Caribbean 

 

11

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16. The “Blue Planet” Earth (Source: NOAA) 

 
Direct measurements are easily made by human and 

automated weather stations in fixed positions on land, 
while other observations taken by ships, aircraft, ocean 
buoys and satellite are constantly changing in density.  
This means that all land-based weather observations are 
equally important irrespective of the location.  In other 
words, observations from islands scattered around the 
world, particularly in the normally data-sparse tropics, are 
critical to the entire Global Observing System.  When data 
is lacking in any area of the world, the accuracy of 
weather analyses and subsequent output from numerical 
weather prediction models are affected.  Over the oceans, 
much of the upper air data is actually derived from 
satellite calculations. 
 
7. Conclusion 
Weather forecasting and warnings, on a global, regional or 
national scale, all depend on large volume of accurate 
observations of atmospheric variables over the entire 
planet, requiring collaboration among all nations.  These 
are done under the umbrella of the World Meteorological 
Organisation, which sets the standards and mechanisms to 
make it possible.  Several WMO World and Regional 
Centres, as well as centres in the more scientifically 

developed countries, operate large atmospheric numerical 
models to produce forecast guidance for the benefit of all 
nations.  National Meteorological Services utilise this 
guidance and other local tools and systems in generating 
their own forecasts and warnings.   
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Abstract: This paper is to provide a basic understanding of the analysis requirements of the AASHTO LRFD Specifications and 
to present a methodology for analysing a multi-span, semi-integral structure in a seismically active region such as Trinidad and 
Tobago.  The methodology describes the use of a three-dimensional finite element model utilising non-linear soil springs, an 
acceleration response spectrum, and elastic bearing connections. The design of a multi-span bridge in a seismic region 
requires a refined analysis to determine the substructure response and to account for the force generated by the acceleration of 
the superstructure mass with consideration to multi-modal behaviour.  In most cases, this analysis utilises a response spectrum 
in conjunction with a three-dimensional finite element or finite difference model to determine the behaviour and loading 
requirements of a structure.  This methodology describes a semi-integral approach used to partially isolate the superstructure 
from the substructure by means of a semi-integral connection.  Movement of the superstructure is primarily resisted by the 
passive soil resistance acting on the backwall, diaphragm, and finwalls but may also utilise shear keys to engage some 
additional resistance from the substructure.  In this system, the superstructure is allowed to move independently of the 
substructure, making use of the passive resistance of the soil around it to carry the seismic load. This strategy/analysis lends 
itself to more slender, flexible elements often at a lower cost to the owner.  

Keywords: Semi-integral, Seismic, Bridge, Modelling, Multi-span, Design 
 
1. Introduction 
The design of a multi-span bridge in a seismically active 
region, such as Trinidad and Tobago, requires a refined 
analysis to determine the required substructure capacity. 
In most cases, this analysis utilises a response spectrum in 
conjunction with a three-dimensional finite element model 
in order to determine the behaviour and loading 
requirements of a structure. This document serves as 
guidance and example for the procedures necessary to 
perform a response spectrum analysis. 

The sample structure described in this document 
consists of dual three-span prestressed girder bridges. 
According to the AASHTO LRFD Bridge Design 
Specifications Table 4.7.4.3.1 (2012) (see Figure 1), the 
multi-span nature of the structure coupled with the seismic 
zone classification requires multi-modal analysis to 
determine the seismic behaviour. The finite element 
software package MIDAS was utilised to perform a 
response spectrum analysis. 
 
1. Analysis Methods 
The AASHTO Bridge Design Specifications (2012) allow 
for the use of three different analysis methods, each with 

varying degrees of complexity. These are elaborated 
below:  
1) A single span bridge must consider a connection force 
between the superstructure and substructure of a minimum 
of: Acceleration x Tributary Dead Load, or 

Force = Mass x Acceleration. 
This is the simplest form of seismic force 

computation. This computation approach is often used to 
design seismic resisting systems for simple span bridges 
utilising semi-integral abutment connections. 
2) For complex structures, a time history analysis of a 
structure may be required depending on the seismic zone 
rather than a modal analysis as indicated by Figure 1. This 
type of analysis utilises actual recorded earthquake motion 
data to determine the structural response during a seismic 
event. This approach is computationally intensive and is 
generally only used for long-span, complex structures 
where such effort is warranted. 
3) For some non-essential multi-span bridges, a single 
mode elastic method may be used, which are described in 
Section 4.7.4.3.2 of the AASHTO LRFD Bridge Design 
Specifications (2012). 
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Table 1. Minimum Analysis Requirements for Seismic Effects 
Multispan Bridges 

Other Bridges Essential Bridges Critical Bridges Seismic Zone Single-Span 
Bridges 

regular irregular regular irregular regular irregular 
1 * * * * * * 
2 SM/UL SM SM/UL MM MM MM 
3 SM/UL MM MM MM MM TH 
4 

No seismic 
analysis 
required 

SM/UL MM MM MM TH TH 
    Source: AASHTO LRFD (2012), Table 4.7.4.3.1-1 

 
This type of analysis may be completed with hand 

calculations as without the need for sophisticated 
computer analysis. The analysis will consider only the 
fundamental frequency of the structure and therefore only 
a single mode response. Two (2) methods are described in 
LRFD Section 4.7.4.3.2, the Single-Mode Spectral 
Method (a) and the Uniform Load Method (b).   
(a) In the first method, a horizontal distributed unit load 

is applied to the structure and the corresponding 
deflected shape is determined as depicted in Figure 1.  
Along with the appropriate elastic seismic response 
coefficient and structure period, the unit deflected 
shape may be used to calculate the force effects.   

 (b) The second method, the Uniform Load Method, uses 
a static approximation to determine the force effects 
according to the Equation 1 (AASHTO LRFD 
Equation C4.7.4.3.2c-4, 2012): 

pe  = Csm W / L    (1) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Bridge Deck Subjected to Assumed Transverse and 
Longitudinal Loading 

Source: AASHTO LRFD (2012), Figure C4.7.4.3.2b-1 

 
According the commentary in AASHTO LRFD 

(2012) Section C4.7.4.3.2c, this method is known to 
overestimate the transverse shears at abutments by up to 
100 percent and therefore recommends that the Single-
Mode Spectral Method be used where such a high level of 
conservatism is undesirable. 
4) In general, a response spectrum analysis is used for 
multi-span bridges. By constructing a response spectrum, 
an Engineer may analyse the maximum response of the 

structure to a wide range of motion frequencies. The 
response spectrum itself is a plot of peak response to an 
input, versus a characteristic such as natural frequency or 
period. In essence, the maximum structural response is a 
function of only the natural frequency of the structure and 
its damping (Tedesco, McDougal and Ross 1999, p. 162). 
The response spectrum reduces the seismic behaviour of 
the structure to a single degree of freedom oscillator.  
They are defined as the time maximum responses of this 
oscillator for a relative displacement, relative speed, and 
absolute acceleration (Mazars and Millard, 2004, p. 100). 

Many of the design requirements presented by 
AASHTO are dependent on the structure’s seismic zone.  
The seismic zone is directly related to the value SD1 (see 
Table 2) that is used to indicate the level of seismic risk to 
the site. 
 

Table 2. Seismic Zones 
Acceleration Coefficient, SD1 Seismic Zone 
SD1≤ 0.15 1 
0.15 < SD1≤ 0.30 2 
0.30 < SD1≤ 0.50 3 
0.50 < SD1 4 

  Source: AASHTO LRFD (2012), Table 3.10.6-1 

 
Depending on the Seismic Zone that the structure 

falls in, most bridges classified as "Essential" or "Critical" 
should be analysed using a multi-mode elastic method. 
Requirements for minimum analysis types are shown in 
Table 1. For those structures requiring a multi-modal 
analysis, AASHTO requires that a three-dimensional 
model be constructed to perform the analysis with a 
number of modes equalling at least three times the number 
of spans. 

The required minimum analysis method is partially 
determined by the regularity of the structure. This 
parameter is a description of the general weight and 
stiffness distribution throughout the structure. Table 3 
describes the parameters that should be used to determine 
the regularity of a structure. In addition to regularity, 
Table 1 provides references to the structure operational 
classification.  The operational classification (other, 
critical, or essential) is determined by the owner and must 
be provided to the design engineer.  Although there are 
quantitative methods to determine the importance of a 
structure, a classification based on engineering judgment 
is generally preferred (FHWA-HRT-06-032 2006, p. 11).   
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Table 3. Regular Bridge Requirements 
Parameter Value 

Number of Spans 2 3 4 5 6 
Maximum subtended angle for a 
curved bridge 

90° 90° 90° 90° 90° 

Maximum span length ratio from span 
to span 

3 2 2 1.5 1.5 

Maximum bent/pier stiffness ratio from 
span to span, excluding abutments 

- 4 4 3 2 

Source: AASHTO LRFD (2012), Table 4.7.4.3.1-2 

 
It is important that the owner classifies the structure 

with consideration to the overall transportation network 
and operational need in the region and thus must be 
determined by those responsible for the management of 
emergency services and disaster mitigation (AASHTO 
LRFD, C1.3.5, 2012).  

The response spectrum is constructed using the 
mapped Peak Ground Acceleration (PGA) and spectral 
acceleration coefficients.  These values are then scaled by 
the zero, short, and long period site factors, example 
values are presented in Table 4. 
 

Table 4. Values of Site Factor, Fa, for Short-Period Range of 
Acceleration Spectrum 

Spectral Acceleration Coefficient at Period 0.2 sec (Ss) Site 
Class Ss < 0.25 Ss = 0.50 Ss = 0.75 Ss = 1.00 Ss > 1.25 

A 0.8 0.8 0.8 0.8 0.8 
B 1.0 1.0 1.0 1.0 1.0 
C 1.2 1.2 1.1 1.0 1.0 
D 1.6 1.4 1.2 1.1 1.0 
E 2.5 1.7 1.2 0.9 0.9 
F Site-specific Analysis 

Source: AASHTO LRFD (2012), Table 3.10.3.2-2 

 
The site factors are dependent on the site class of the 

structure.  Each bridge site should be classified as A 
through F by a geotechnical engineer based on the shear 
wave velocity of the soil.  The geotechnical engineer 
should also provide values for PGA and for the horizontal 
response spectral acceleration coefficients for 0.2s and 
1.0s periods, Ss and S1 respectively.  With the site class, 
PGA, SS, and S1, all of the critical points on the response 
spectrum curve can be determined with the coefficients in 
AASHTO LRFD (2012), Tables 3.10.3.2-1 through 
3.10.3.2-3. 

A description of how to construct a design 5% 
damped response spectrum is presented in Figure 2.  The 
curve is constructed in three parts.  The first point on the 
curve represents the spectral acceleration (AS), defined as: 

AS = Fpga * PGA 
(Equation 2 - AASHTO LRFD Equation 3.10.4.2-2, 2012) 

For periods less than the reference period (T0), the 
coefficient for the mth mode of vibration, Csm is defined in 
Equation 3 as: 

Csm = As + (SDS  - As) * Tm / TO  
(Equation 3 - AASHTO LRFD Equation 3.10.4.2-1, 2012) 

The end of the next segment of the curve is defined 
by the value TS, or the corner period at which spectrum 
changes from being independent of period to being 
inversely proportional to period = SD1/SDS.  For periods 
between the reference period and the period TS, the 
acceleration response spectrum changes from being 
independent of period to being inversely proportional to 
period (AASHTO LRFD, 2012). 

Csm = SDS 

(Equation 4 - AASHTO LRFD Equation 3.10.4.2-4, 2012) 

Once the considered period exceeds TS, the 
coefficient becomes inversely proportional to the period, 
and therefore Equation 5 yields: 

  Csm = SDS / Tm 

(Equation 5 - AASHTO LRFD Equation 3.10.4.2-5, 2012) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Design Response Spectrum 

Source: AASHTO LRFD, 2012, Figure 3.10.4.1-1 

 
3. Structural System 
The example bridge consists of dual three-span 
prestressed girder bridges with each span measuring 30m. 
Each of the two superstructure units consists of nine (9) 
AASHTO Type IV girders. The girders are placed on 
reinforced elastomeric bearings and will be made 
continuous for live load via concrete diaphragms at each 
of the piers.  The concrete diaphragm serves as a rigid link 
between the girders in adjacent spans.   

Since all of the dead load has been applied to the 
girders in a simply supported configuration, the only 
gravity load that will be carried by the continuous system 
is the live load. The superstructure will remain isolated 
from the substructure by means of a semi-integral 
connection, illustrated in Figures 3 and 4.  
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Figure 3. Semi-integral Abutment 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Semi-integral Pier 

 
During the design seismic event, the superstructure 

will only influence the substructure through shear stiffness 
of the girder bearing pads and the compressive stiffness of 
the vertical bearing pads resisting the movement of the 
diaphragms. As explained later, the longitudinal and 
transverse directions are considered.  It is up to the 
expertise of the designer to decide the most onerous 
longitudinal and transverse directions, but typically this 
would be along and transverse to the element being 
analysed.  Movement of the superstructure is also resisted 
by the passive soil resistance acting on the backwall, 
diaphragm and finwalls. In essence, the superstructure’s 
movement is resisted by a series of springs, due to both 
the stiffness of the substructure and induced passive 
resistance of the surrounding soil.  
 
4. Soil-Structure Interaction 
In a semi-integral bridge, the method of resisting the 
seismic force is via a combination of pier resistance and 
induced passive pressure at the backwall and finwalls. As 
the seismic acceleration and inertial force of the 
superstructure mass push the backwall and finwalls into 
the soil. In resistance a passive force is generated which 
counteracts the movement of the superstructure. This 
effect can be estimated as a linear increase from zero to 

full passive at the relative movements listed in AASHTO 
Table C3.11.1-1. According to the AASHTO Seismic 
Guide Specification, for cohesionless, non-plastic backfill, 
the maximum passive force can be taken as the result of 
Equation 6: 

PP  =  2 Hw / 3 
(Equation 6 - AASHTO Seismic Guide Specification Section 
5.2.3.3.1, 2012) 

Given that the integrity of the system is tied directly 
to the competency of the backfill, it is critical that the 
typically high-plasticity in-situ soils found throughout 
Trinidad are not used for this function. Once the 
maximum passive capacity of the soil is reached, no 
additional resistance is available. Once the designer has 
determined an estimated seismic movement for the 
superstructure mass and determined the maximum passive 
resistance of the soil, the backwall may be sized such that 
acceptable passive pressures are generated. Similarly, 
motions transverse to the bridge may be restrained using 
finwalls.  

The finwalls act in a similar manner to the backwall 
by utilising the passive resistance of the soil to restrain 
movement. Since the standard finwall system utilises 
multiple walls per bridge, it is necessary to verify that 
there is not any influence from one wall to the rest in the 
group as illustrated in Figure 5. The designer should 
verify that the soil failure plane from one wall clears the 
adjacent walls. Care should be taken when considering the 
contribution of the leading wall in the transverse 
movement. In general, the bridge will be flanked by 
slopes. When the leading wall pushes towards this slope, a 
sufficient depth of soil may not be available to resist the 
motion.  For this reason, the contribution of this leading 
wall is often neglected. 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Finwall Failure Plane 

 
The final design of a multi-span bridge in a seismic 

region should consider the non-linear behaviour of the fill 
material behind the abutment. Although it is convenient to 
perform preliminary sizing and design calculations based 
on the parameters provided by AASHTO, it is important 
that the structural behaviour be modelled as realistically as 
possible. For this reason, the finite element model should 
incorporate non-linear springs representing the anticipated 
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stiffness of the surrounding soil.  
According to the Precast/Prestressed Concrete 

Institute (PCI), “When discontinuities or other sources of 
non-linearity exist, an iterative procedure based on the 
equivalent linear solution may be used to satisfy force and 
displacement requirements” (PCI Bridge Design Manual 
2004, 15.3.2). Non-linear springs in software may not be 
available for the engineer in which case the software can 
still be utilised by using the iterative approach which will 
require some initial value for the linear spring stiffness.  
The resulting nodal displacements are then used to 
determine the stiffness of a new spring from the non-
linear spring curves.  The revised stiffnesses then are 
applied to the model, and the model re-analysed.  It is 
important to note, that when an iterative solution is used, 
any change in the structural system may require re-
evaluation of the spring stiffnesses.   

As the connectivity between the superstructure and 
substructure has been softened and not completely 
eliminated by the semi-integral system, care should be 
taken in determining the supporting soil behaviour. 
Careful consideration must be given to the soil non-
linearity as with the backwall system, but also the 
potential for liquefaction near the ground surface. A 
liquefiable soil presents the problem that the liquefied 
state does not provide any support to the piles, thus 
allowing for larger movements of the superstructure, but 
the static state results in a shorter, and therefore stiffer, 
column. The higher stiffness of the column in the static 
soil state will result in a larger demand on the structural 
component. For this reason, it is important to run the 
analysis for both the liquefaction and static cases. 

In some cases, it may be necessary to design a 
substructure or other soil-retaining element for seismic 
forces. In such instances, the Mononobe-Okabe 
methodology is used to determine the effective seismic 
active force on a wall during an earthquake (This method is 
described in detail by AASHTO in Appendix A11 of the design 
specifications and is not discussed further in this paper). 
 
5. Structural Model 
In this example, the superstructures of the dual bridge 
system connect via the abutment caps, the full structural 
system was modelled as depicted in Figure 6. The 
superstructure was modelled using AASHTO Type IV 
girders with a composite concrete deck in an attempt to 
consider the weight and stiffness of the superstructure as 
accurately as possible (see Figure 7). End diaphragms 
were similarly modelled so that the section behaves 
realistically as the force from the soil spring is applied. 

Because of the semi-integral connection between the 
superstructure and substructure, it is important to model 
the location and stiffness of the bearings. The 
superstructure/substructure interface is the primary 
mechanism to transmit the motion of the superstructure to 
the supports. The analytical beam element is located at the 
centroid of the composite beam member.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6. Overall Structural System Model 

 
 

Figure 7. Typical Model Section 

 
In order to correctly capture the offset from the 

bearing to the analytical beam, a vertical rigid link is used 
to adjust the bearing location without adding any 
flexibility into the system (see Figure 8). The offset from 
the center-line of the abutment was similarly modelled.  
As the bearing is located at a distance from the centroid of 
the abutment, any lateral motion and load will be applied 
at an eccentricity and will therefore induce a moment 
about the cap. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Typical Connection Model 

 
The bearing is an elastic link with a spring stiffness 

modelling the bearing assemblies. Each pier unit has shear 
keys with a vertical bearing pad placed against the pier 
diaphragm to restrict horizontal movement. The elastic 
links used in Midas, model both the shear stiffness of the 
bearing pads under the beams along with the compressive 
stiffness of the vertically placed pad.  
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To model the soil-structure interaction, soil force-
displacement was generated by the geotechnical engineer. 
The P-y curves describe the non-linearity of the soil 
response to movement; therefore, the stiffness of the soil 
directly depends on the displacement. An example of P-y 
curve is depicted in Figure 9.   

For this example, an iterative approach is used until 
the stiffness and relative deflection of the soil springs 
converge. The pile members were founded on an ideal 
roller only restrained against vertical translation. This 
boundary condition will allow the pile tip to move 
laterally against the soil springs, while restricting the 
vertical motion of the pile. The boundary condition of 
these nodes, however, will not influence the response of 
the system since very little displacement occurs at the pile 
due to the increasing soil stiffness with depth. This site is 
subject to soil liquefaction during a seismic event and 
therefore the model needs to consider the resulting 
conditions, therefore, two models were generated and the 
soil spring stiffnesses were determined utilising P-y 
curves generated for each condition. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. An Example of Soil P-y Curve 

 
In practice, the soil springs defined by the P-y curves 

represent a compression only spring.  For modelling 
purposes, the effect of opposing compression only springs 
is equivalent to that of a true compression/tension spring 
(see Figures 10-13).  This simplifies the finite element 
model by reducing the required number of boundary 
conditions. 

Once the structural model is complete, the external 
loads must be applied to the model. In MIDAS, an 
externally applied dead load will not be utilised in the 
seismic analysis as mass unless it is specified as such.  All 
considered dead loads and potential future widening or 
expansions should be included in the analysis.  According 
to the AASHTO Specifications, the inclusion of live load 
in the Extreme Event I load case is controlled via the γeq 
load factor.  In Section 3.4 of the LRFD Specifications, 
AASHTO dictates that this factor shall be determined on a 
project specific basis. Generally, live load is not 
considered in seismic calculations for other than complex 
bridges.  

  
 
 
 
 

Figure 10. Actual Soil Spring Behaviour Model 

 
 
 
 
 

Figure 11. Equivalent Soil Spring Behaviour Model 

 
 
 
 
 
 
 
 
 
 
 

Figure 12. Typical Pier Spring Model 

 
 
 
 
 
 
 
 
 
 
 

Figure 13. Typical Abutment Spring Model 

 
The core element of this analysis is the response 

spectrum curve which must also be defined and illustrated 
in Figure 14. Utilising parameters provided by a 
geotechnical engineer, the response curve can be 
constructed from the PGA and the short and long term 
spectral acceleration coefficients.    Load cases should be 
constructed for the longitudinal seismic motion as well as 
the transverse motion.  AASHTO LRFD (2012) Section 
3.10.8 requires that 100 percent of the absolute value of 
the force effects in one direction, be combined with 30 
percent of the force effects in the orthogonal direction.   
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Figure 14. Response Spectrum 

 
In practice, this means that 100 percent of the 

longitudinal force effect must be combined with 30 
percent of the lateral motion, and 100 percent of the 
lateral motion combined with 30 percent of the 
longitudinal motion.  An envelope of all of the applied 
load cases will produce the controlling design loads that 
may then be used with the design requirements presented 
in the AASHTO LRFD (2012) code to complete final 
detailing of the members. 
 
6. Conclusion 
Structural design of a multi-span bridge in a seismically 
active region such as Trinidad and Tobago requires 
careful consideration and analysis of all parameters of the 
surrounding site.  There are several earthquake resisting 
systems available to a design engineer in such a region.  
For the designer, a response spectrum analysis allows for 
efficient consideration of a broad range of seismic 
frequencies and structural modes.  Semi-integral systems 
allow the superstructure to move independently with 
respect to the substructure thus limiting loading on 
elements such as piles, columns, and footings resulting in 
smaller components.  Smaller components translate to cost 
savings for the owner.  By utilising this method, a design 
engineer can gain a firm understanding of the structures 
behaviour under seismic motion which will result in an 
efficient, and therefore cost-effective structure. 
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Abstract: The perception that maintenance of rivers and drains is the removal of sediments to increase flow capacity and to line 
channels with concrete to prevent erosion is evident in the present maintenance works in Trinidad and Tobago. The absence of 
a holistic view of a river’s role and function including: conveyance of all flows as well as flood waters, sediments and 
pollutants; and provide aesthetics, habitat for river and riparian ecology, and for human traffic, is manifest in this approach to 
maintenance. Moreover, the function, cost of construction and cost due to potential failures of structures on rivers inform that 
engineering professionals should play a greater role in planning and executing maintenance works of rivers and drains with the 
tools of fluvial geomorphology. Maintenance therefore, requires a holistic view and a multi-objective planning approach as 
opposed to a narrow view of flood water conveyance. However, this can only come about through advanced training in 
hydraulics and environmental studies. This paper presents examples of the inadequate practices of maintenance of rivers 
through urban areas, wetlands, irrigation systems and bridge crossings and includes recommendations for corrective action.  

Keywords: Floods, fluvial geomorphology, hydraulic structures, multi-objective planning, river maintenance 
 
1. Introduction 
The major functions of rivers are 1) to convey: rainfall 
runoff, flood waters, spring flows, sediment, debris, 
irrigation water, pollution, water for industry and 
households, and waste water; and 2) to provide for: 
navigation, ground water recharge, recreation, fish and 
wild life habitat, and aesthetics. In the natural 
environment, rivers will execute their functions while 
adapting to environmental changes. However, comparable 
continuance of these vital functions in an environment that 
people have significantly impacted requires in-depth 
understanding of fluvial geomorphology and competent 
maintenance personnel. Furthermore, water must be 
managed as a vital and critical resource. Bearing in mind 
that water in the pure sense as a resource is useful, limited 
and can be depleted i.e. it can be un-suitable for use or 
unavailable and unlike other natural resources we cannot 
live without it. In Trinidad and Tobago (T&T), water is 
monitored and managed by several governmental agencies 
with conflicting goals which requires vigilance for a 
sustainable future. 

This paper identifies the problems associated with 
various aspects of water and river management through 
visual inspection of example problem sites and experience 
gained through working in the Drainage Division. Several 
case studies are presented as typical examples of the 
issues found in river maintenance and solutions and 
strategies are proposed for improved works. Maintenance 
of rivers in this context refers to the relevant activities that 
influence the competent functioning of the rivers in the 
presence of change that evolve through human activities 
and/or that occur naturally in nature, in space and in time. 

To understand the issues surrounding maintenance of 
rivers it is necessary to appreciate the complete system 
including the factors affecting the flows reaching the 
rivers and those that influence the conveyance capacity of 
the rivers. This paper covers those factors by beginning 
with the complex management structure that determines 
the supply of water to the rivers and the costs of the 
hydraulic infrastructure in Section 2. An example of the 
failure of the management system resulting in flooding is 
given followed by an example of inadequate bridge 
design, construction and maintenance works. Section 3 
then describes the inevitable changes that occur over time 
in the natural and built environment that leads to new 
requirements for the river and the infrastructure. Section 4 
discusses the use and misuse of embankments in flood 
control. Finally, Section 5 proposes the fluvial 
geomorphological approach needed to address the present 
and future design and maintenance of rivers and hydraulic 
structures especially in the gravel bed rivers of the 
Northern Range. 
 
2. Managers of Water and Infrastructure Works 
In T&T, several governmental agencies impact land use 
and water use, and therefore determine the faith of rivers 
and the water resources. The governmental agencies that 
manage the land resource for: housing development, 
agricultural purposes, nature reserves, mining, solid waste 
disposal, industrial development and physical 
infrastructure, control significant sources of pollution and 
the available water for ground water recharge and channel 
discharges. This follows directly from their planning 
polices and the type and location of the development. The 
governmental agencies that directly manage the available 
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water through quality assessment, distribution, 
consumption, measurements, storage and conveyance, 
determine how water is apportioned. Together, these 
agencies control the availability of water and are the 
resource managers.  

In T&T, the main governmental agencies impacting 
the water are: The Ministry of works, Ministry of energy, 
Ministry of Planning and Sustainable Development, 
Ministry of Local Government, Ministry of Housing, 
Land and Marine Affairs, Ministry of Food Production, 
Ministry of the Environment and Water Resources and the 
Environmental Management Authority. Therefore, to 
fulfil the role of the channel (rivers and drains) an 
adequate land management and maintenance program of 
channels must by necessity engage all these agencies, 
which translate into a ‘River Basin Management Plan’. 
Shrivastava (2003) puts it in this way “a one-dimensional 

approach to a multi-dimensional problem has been 
ineffective” regarding the attempt to control flooding 
through the construction of embankments, dredging, 
widening, paving and straightening of watercourses in the 
country. 

Managing the conveyance and storage of runoff and 
its products requires the design and construction of 
hydraulic structures including dams, retaining walls and 
bridges that can be very costly. In 2010 ~$TT 800 M (see 
Table 1) was spent directly on drainage construction 
works excluding studies (MFS, 2010). This amount 
represents 10.7% of the Public Sector Investment 
Programme (PSIP) projects/programs budget of $TT 
7,482.7 M. Unfortunately, most of the $TT 800 M was 
spent on constructing drains and drain crossings, and to a 
lesser extent construction works on rivers.  

 
 

Table 1. Recent Drainage and Bridge Project and Costs, 2011-2012 
Project Description Cost ($TT) +Time 
1 Reconstruction Programme Reconstruction of 62 bridges (Start 2012) *404.25 M 2012-2016 
1 Caroni River Basin Study 19 M ---- 
1 Ortoire River Basin Study 11.1 M ----- 
1 South Oropouche River Basin Study 

Identify and solve drainage and erosion problems within major 
catchment areas: Identify and design feasible solution 

----- ---- 
1 Monroe-Warren Main Drain 1200 m concrete box drains and driveway access ($TT 8,000/m) 9.6 M March 2013 
1 Misc. Small Drainage Projects= 26 Box drains, retaining walls, and river paving ------ ---- 

Mitigate flooding in the capital city subdivided into 9 packages @ 
$TT 50 M 

~450 M ---- Port of Spain Flood Alleviation 
Project 

Package 1: Design-Build :- South Quay, Broadway, Independence 
Square North 

63.3 M ---- 

242 on-farm irrigation ponds constructed ---- 2012 Agricultural Development Plan  
120 km of channels de-silted (MPSD 2012) ----- 2012 

East-West Corridor Expansion and 
Improvement Works 

a) Construction and widening of Bridges over the San Juan River  
b) Widening of St. Joseph River Bridge 

------ ----- 

Over 1,235 m of walling and Paving of drains ---- 2012 Drainage Division 
5 de-silting river projects ---- 2012 

    Remarks: 1 National Infrastructure Development Company Limited (NIDCO) www.nidco.co.tt  
                              + Estimated time; * 2010 cost estimates 
   Source: Ministry of Planning and Sustainable Development (MPSD) 
 
 
2.1  Flooding Caused by Management System 
The flooding on August 31st, 2013 of residents on 
Endeavour Road, Chaguanas, east of Price Plaza was as a 
result of unplanned development and the non-
synchronisation of works by governmental agencies. 
Some residents on the northern side of the road 
experienced ~1.0 m depth of flood in their homes causing 
damages to household items and distress. The main 
contributing factors were inadequate river planform and 
channel hydraulics: i) the poor alignment of the main 
drain: i.e. change in direction and reduction in cross 
sectional area over a short distance; ii) the constriction of 
the drain a few meters downstream of the bridge (purview 
of Drainage Division); iii) inadequate bridge waterway 
area and alignment of the bridge abutments (purview of 
Ministry of Works and Chaguanas Borough); iv) 
obstruction of flow by water mains crossing the bridge 

waterway (purview of Public Utilities); v) encroachment 
on the drain by a recent development on the east bank 
(purview of Town and Country Planning and the 
Chaguanas Borough); vi) the elevation of the invert of the 
road side drain being too low and not having the benefit of 
control via a flap gate (i.e. uncontrolled) (Chaguanas 
Borough). The uncontrolled roadside drain provided the 
opportunity for reverse flow, or backwater effect, into the 
covered boxed roadside drain that is linked to the property 
drains. The property however, slopes away from the road. 
The backwater was then impounded to a depth of ~ 1.0 m 
by a property wall, belonging to those not flooded  
(purview of Chaguanas Borough). It must be assumed that 
the forgoing developments proceeded independently 
without adequate investigations and consultations over a 
period of time and apparently without due consideration 
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of the cumulative potential impacts of the drainage 
network. 

There is a pressing need to consider the limits and the 
specifications for the natural and built infrastructure in 
detail in order to perform reliable maintenance and 
maximise the performance of the existing infrastructure 
network. Several old planned developments were only 
partially built up and are only now experiencing 
significant influx of new structures and roads both in the 
lowlands (e.g. Lange Park, Chaguanas) and at higher 
elevations (e.g. La Seiva, Maraval). These developments 
unfortunately make increased demands on the drainage 
system within and beyond the developments that did not 
cater for the expansion under the old planning standards. 
Additionally, these developments are not required to meet 
the new design standards since there is no re-certification 
needed for the infrastructure. Furthermore, individual lots 
are generating greater than designed runoff, as lots are 
frequently being paved covering 100% of the land surface 
contrary to planning permission. At the Local 
Governmental Level new drain construction generally 
continue the existing drain design philosophy that are now 
inadequate and will be even further compromised in the 
near future. 

Furthermore, in the Northern Range, the extensive 
unplanned and unregulated agricultural practices stress the 
natural drainage infrastructure and during any significant 
rainfall event generates runoff that produces erosion and 
increases the turbidity of the flow. There is therefore, a 
need for the ‘Guardians’ to monitor the watersheds’ 
characteristics that include the physical, biological, and 
meteorological components. Through the continuous 
monitoring of the flow, quantity, quality and timing an 
informed management strategy of the catchment may be 
formulated. This data may also provide a signal to 
changes in the catchment. Only by careful monitoring can 
trends be discovered and timely maintenance action 
initiated. Under these considerations fluvial 
geomorphology is invaluable. It is the science that 
interfaces geosciences, geography and applied 
engineering, and provides the knowledge that goes beyond 
the pure fields of ecology, chemistry, hydrology, and the 
environment. It involves the study of the river system at 
all temporal dimensions, and scales from streams to 
floodplains, from mountains to deltas (Arnaud-Fassetta et 
al., 2009) and affords a greater inclusion of the pertinent 
variables of environmental change.  

 
2.2 Inadequate Bridge Alignment, Construction and 

Maintenance Works: Farm Road Bridge 
An example of inadequate bridge alignment and 
construction is demonstrated in the recently constructed 
bridge on Farm Road, Valsayn completed around 2007. 
As shown in Figure 1, poorly aligned bridge at 900 to the 
flow generates sedimentation and vegetation growth (1A), 
steep invert profile and short apron supports bridge scour 

downstream for 21 m (see Figures 1B, 1C and 1D). 
Evidence of malfunction is observed in the scouring of the 
bed on both upstream and downstream faces, scouring of 
the right side wing wall, and sedimentation upstream of 
the bridge. Additional inadequacy of the constructed 
bridge includes: narrow bridge section relative to the 
widened upstream section causing sedimentation; steep 
paved invert under the bridge increasing the erosive power 
of the flow and combined with the narrow bridge section 
further increases the flood velocity that generates a 
scoured region 21 m long with a maximum scour depth 
below the apron level of ~1.5 m (to date); and a poor 
alignment of the bridge relative to the engineered river 
bend that demands additional bank and bed protection 
from erosion. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Arrow points in direction of flow. 

Figure 1. An example of inadequate bridge alignment and 
construction. (A) Upstream sedimentation, (B) Steep angle of flow 

direction change, (C) steep apron and (D) Flow drops into scour hole 

 
The weir and aqueduct system off the St. Joseph 

River serving the Agricultural Farm in Valsayn, were 
damaged by floods during the period of construction of a 
bridge approximately 200 m downstream. Figure 2 shows 
the various stages of the weir in construction (2A), 
completion (2B) and destruction (2C and 2D). Using 
Google Earth© aerial images Aerial photos show that in 
2003 the weir was intact and functional and that the ‘new’ 
location of the river section for the proposed bridge was 
unobstructed and free flowing. The 2005 aerial photo 
shows the migration of the right bank of the river, at the 
location of the weir, indicating that the weir was now non-
functional. And the same photo shows an advanced stage 
of construction of the bridge. Surveys of the remnants of 
the weir in 2013 indicate that the river bed level at the 
weir had dropped from its 1997 level by ~1.3 m.  

The new bridge that was being constructed was a 
replacement for a failed bridge just a few meters west, 
where the bend of the river was originally situated. The 
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failed bridge had partially collapsed and acted as an 
obstruction to maintenance equipment during de-silting 
exercises for several years. The failed bridge also 
provided grade control that maintained the upstream bed 
slope and elevation. Whereas, downstream of the bridge 
de-silting activity continued gradually reducing the bed 
level below that of the bridge and the weir.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. St. Joseph River weir that supplied water to the Valsayn 
Agricultural Station. (A) construction of the paves invert and piers, 
(B) Newly completed weir and paved bed, (C) 2013 remnants of the 
paved bed relative to new river bed, and (D) Measuring the relative 

drop in bed level. 

 
The method of construction adopted required the 

diversion of the flow path of the channel around the failed 
bridge thus creating a new alignment. On completion of 
the new bridge, the old bridge would be removed and 
filled in accordingly. The new river alignment 
implemented, however, had a reduced angle or a sharper 
bend. The result is that outer bank velocities were 
increased followed by greater erosive power of the floods. 
Additionally, scouring of the river bed was now 
uncontrolled in the absence of the failed bridge, that acted 
as a grade control. The scour quickly migrated upstream 
reducing the bed level causing bank erosion and the 
failure of the weir.  

The scour was facilitated during 2003 and 2004 when 
several floods found opportunities for increased erosion of 
both the bed and the banks in the steep bed slope and fresh 
cut river banks. During this period over 300 m of river 
bank eroded increasing the channel width at the weir by 
12 m. The primary impact of the erosion was the loss of 
water supply to the Agricultural Station and the 
replacement cost of installing a ground water well. The 
secondary impacts were the loss of the river bank reserve 
and siltation downstream.  

Further support of dredging and de-silting works that 

provided opportunities for increased flow rates and 
velocities, in this reach of the St. Joseph river, is found in 
Sebastien and Mycoo’s (2007) paper that shows 
‘dredging/de-silting’ works being executed about the 
period 2002-2003 in the Bamboo area about 3 km 
downstream of the weir. 

During the time of the preparation of this paper, de-
silting exercises continued to lower the river bed just 
downstream of the newly constructed bridge. Evidence of 
this is the recently exposed concrete structure that crosses 
the river bed approximately 100 m downstream. 

The original bed elevation at the weir after 
refurbishment in 1997 can be seen in Figures 2A and 2B.  
The change in bed elevation at the weir verifies the drop 
of ~1.3 m in bed level (see Figures 2C and 2D). 
Associated with the river bed incision is an increase 
gradient between the upstream Priority Bus Route (PBR) 
Bridge and the new Farm Road Bridge. This increased 
gradient directly increases the velocity. Using Manning’s 
flow equation it is estimated that the velocity may have 
increased by over 25 % along a straight reach and much 
more around bends. 

The associated river response since the incision of the 
river bed occurred includes the severe undercutting of 
banks, downstream of the RBR bridge. Figure 3 shows 
that erosion took place on St. Joseph River, right bank in 
the fore ground, immediately downstream of the PBR 
Bridge that is about 400 m upstream of the weir. 
Immediately after the event, government implemented 
costly bank protection works in an attempt to control bank 
erosion.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Erosion on St. Joseph River as at August 2010 
Source: http://www.youtube.com/watch?v=9_4rfDpSJ_s 

 
Furthermore, inadequately designed and poorly 

constructed hydraulic structures, and inappropriately 
modified channels will require additional maintenance or 
more frequent maintenance to avoid structural damages or 
flooding. In the absence of competent ‘engineered’ 
structures that include considerations of fluvial 
geomorphic processes, failure may result at great public 
inconvenience and expensive reconstruction. It is 
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therefore, natural that the tools of fluvial geomorphology 
be invoked for designs and maintenance of rivers. 

Fluvial geomorphology is the understanding of the 
processes of water and sediment movement over land in 
shaping the earth. It “seeks to study river landform 
history, understand formative processes, and predict 
changes using a combination of field observation, 
experimental studies and numerical models” 
Thorndycraft, Benito and Gregory (2008). This 
understanding comes from an integration of many 
disciplines including hydrology, hydraulics, sediment 
transport, ecology, botany, geology, river engineering and 
geotechnical engineering. 

Bridge design should include the geomorphic 
approach for appropriate bridge alignment as follows: a 
river planform analysis to determine the shape of the bend 
considering: bend scour, bank migration rate, conveyance 
of flow and sediment including debris, and protection 
works for the structure to avoid scour at the boundaries 
with the natural material and the structures. Designs and 
construction works should always consider the potential 
recurrent cost of maintenance, monitoring, flood damages, 
erosion and structural failures to avoid loss of capital 
investment, life, property and inconvenience to the public.  

 
3.  Factors Driving Increased Runoff, Sediment Load 

and Maintenance  
Typically, human intervention implies land use change 
that generally results in increased runoff coefficients, that 
produce flooding and erosion, as seen on the slopes of the 
Northern Range. The increasing housing demand, for 
example, has resulted in the rapid replacement of the 
natural forest on the southern face of the Northern Range 
(EMA 2005, Section 5 Driving Forces of Change in the 
Northern Range). Similarly, in recent times, low lying 
agricultural lands and grass lands are being changed to 
built areas (e.g. the Aranguez food basket), which results 
in a change in rainfall runoff potential by as much as 
100% and a loss of flood storage potential. Additionally, a 
recently recognised hydrologic trend is the increased high 
rainfall and runoff events, especially within the last five 
years, that cause flooding, mudflows, landslides and 
destruction to homes and infrastructure.  

Figure 4 shows the cumulative effect of land use 
change, housing development, bridge construction, 
maintenance of channels and a heavy rainfall event that 
resulted in flooding at a bridge in La Seiva, North West 
Trinidad. 
 
3.1 Excessive De-silting at the San Juan River Weir, 

Aranguez 
The San Juan River is the main river for the Santa Cruz 
valley (67 km2) with a maximum elevation of ~1500 m. 
The soil is free draining sandy clay loam of high 
erodibility. Most of the catchment slope is moderate to 
very steep, which makes the flood events flashy. The river 

bed is gravel as is typical of the Northern Range rivers. 
There are at least six known operating quarries, operated 
both privately and by the government, in the valley 
totalling about 50 Acres that do not practice any 
environmental conservation (EMA, 2005).  
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Flooding at a bridge in La Seiva, North Trinidad  

on June 4th, 2011 
Source: Trinidad and Tobago News.com 

 
Additionally, forest fires, housing, agriculture, and 

unauthorised use of publicly owned lands for housing and 
agriculture in the valley have generated adequate runoff to 
cause flooding and high sediment loads (see Figure 5A) in 
the lower valley, especially in the town of San Juan and 
the Aranguez Areas. 

The San Juan River is the main source of water for 
the ‘Aranguez Food Basket’. It is an extensive area in the 
lowlands of the catchment totalling 1,421 Acres (576 ha) 
(Hardy, 1974) that receives its irrigation water via a weir 
and aqueduct system (see Figure 6). The slope of the 
irrigated lands is between 00 and 20 (Brown and Bally 
1966) and is rated as good for rice and food plants (Hardy, 
1974). These lowlands pre-1998 flooded frequently partly 
due to sediment accumulation in the channel. In Figure 
5A, a D-6 tractor is shown on the San Juan River at the 
back of the Aranguez Plaza around 1991 in the process of 
stock piling the sediment close to the bank for removal. 
The de-silting exercises became more frequent in recent 
times and the severity of flooding in the Aranguez area 
was reduced. Some channel development works in terms 
of widening, walling and paving were also accomplished 
in several areas downstream of Bains Avenue. Bains 
Avenue marks the upstream extent of the outskirts of the 
town of San Juan.  

Downstream of the town across the main road, very 
fine sediments travel beyond the San Juan River weir 
during high flow events. The very fine sediments 
accumulate along the 4 km reach between the weir and the 
out-fall to the Caroni River. The accumulated sediments 
over time raise bed levels along this reach that eventually 
causes flooding. Unfortunately, this reach borders mostly 
agricultural holdings, and the floods cause heavy losses, 
resulting in food shortages and increased produce prices.  
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Figure 5. (A)- De-silting exercise with a D-46 tractor at the back of the Aranguez Plaza, Aranguez. (B), (C) and (D) show the build up of 

sediment and vegetation growth around a bend over a 12 month period. (E) – shows the channel just upstream of the point bar where sediment 
accumulation and vegetation growth continues. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. A –Sedimentation area upstream of the weir; B – Weir and 

stilling basin during flood; C – indicator of original bed level on 
retaining guide walls above present bed surface by 1.0 m; D – 
platform adjoining stilling basin undermined and collapsing. 

 
Hence, the increase in frequency in de-silting 

exercises in the late 1990’s. To combat the siltation and 
flooding problems of this lower reach, a sedimentation 
‘pond’ was created just upstream of the weir (see Figure 
6A at the same time the weir was being refurbished 
(around 1998). 

However, de-silting exercises continued without due 
consideration of any base level controls including the bed 
elevation at the new stilling basin (see Figures 6C and 
6D). In due course (between 1998 and 2013) the bed level 

at the stilling basin dropped over 1.0 m. The stilling 
structure that prevents the scouring of the toe of the weir 
is now threatened as shown in Figure 6D by a 1.0 m bed 
level drop and a scour hole of about 1.2 m.  

It is hereby emphasised that maintenance exercises 
should have a holistic view and should include a multi-
objective planning approach including runoff controls, 
increasing water way area, managing bed levels and 
stream gradients, and monitoring the bed levels at 
hydraulic structures and tributaries. 
  
3.2 Embankments Have Limits  
The necessary activity of removing silt (de-silting) and 
debris from rivers after heavy showers must be executed 
in accordance with the expected functions of the rivers. 
However, there is a general practice of placing dredged 
and de-silted material on the riverbanks without the 
benefit of a designed water way area (see Figures 7A and 
7B). The practice along the Caroni River (see Figure 7C) 
has much merit since the section meets the criteria of a 
formal design and a flood way section. However, Figures 
7A, 7B and 7D should not have such embankments since 
they have not had the benefit of a designed water way or 
water management plan and can have undesirable 
consequences. 
During channel maintenance exercises of agricultural 
lowlands (see Figure 7A), de-silted material is 
accumulated along one or both banks. Over time 
embankments are developed and the channels become 
wider and deeper. Gradually the flood frequency of the 
surrounding lands is reduced and the water table drops 
resulting in an increase in the load bearing capacity of the  
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Figure 7. River maintenance works including dredging, de-grassing 
the bank and embankment construction with dredged sediments: A - 
St Augustine South, Drain; B – Bates Trace Drain, Gordon Street, 
St. Augustine; C – Caroni River; D – a Wetland Drain at Beetham. 
Embankments serve to confine flows within the channel, and do not 

allow inflow from surrounding ground. White arrows indicate 
direction of flow. 

 
soil. These changes then attract housing and industrial 
development. In the Aranguez Estate, ‘the food basket’, 
one finds a prime example where over 20% of its 
agricultural lands were lost to housing, warehousing and 
business places.  

A similar practice is occurring in St. Augustine South 
and other prime agricultural lands throughout Trinidad. 
These  unplanned  developments  are  allowed  to  develop 
and are ‘encouraged’ by the eventual regularisation i.e. the 
collective buildings achieves planned development status 
and all utilities and infrastructure are put in place through 
Governmental pardon. The loss of flood attenuation areas 
by these practices eventually displaces the flood waters 
downstream and may even act as constrictions generating 
backwater effects that can cause flooding upstream. In 
Figure 7B, the de-silted material is stockpiled against the 
fence to prevent flood waters entering the schools on both 
sides of the drain. This has been a temporary measure for 
over 15 years. The material is sustained on the bank partly 
because the drain is paved and the low block walls of the 
channel support the sediment load. Usually, the material 
slips back into the channel when soaked by rain or flood 
waters. The load can even cause earthen banks to slide 
when placed too close to the edge of the bank.  

While embankments are used successfully to confine 
flood waters and provide opportunities for flood 
protection and development, the ad hoc construction of 
embankments in Figures 7A, 7B and 7D eventually serves 
to exacerbate the flooding upstream and downstream of 
the embanked area (Figure 8). The embankments constrict 
the flood waters that results in a local increase of flow 
depth and the relative local increase in elevation generates 
a backwater effect that raises upstream depths 

(Narinesingh et al., 1999) but reduces the local hydraulic 
gradient (Figure 8C). With reduced hydraulic gradient 
opportunities are created for: sedimentation; loss of water 
way area; increased or new flooding; and in the direction 
downstream the hydraulic head is increased thus 
increasing opportunities for: erosion and scour; and 
flooding as excess flows are not stored in the floodplain.  

Additionally, the hydraulic connectivity is broken 
within the embanked zone. In the case of the wetlands 
(e.g., Figures 7A and 7D), loss of habitat and change in 
ecology can have a ripple effect on the food chain; land 
reclamation for industry and housing usually follows 
when the habitat is lost and the area is not restored. Figure 
8 shows the impact of embankments on floodplains and in 
wetlands.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 8. Embankments on floodplains and in wetlands compared. 
Natural flood levels shown in: (A) - hydraulic sections of a natural 

channel, (A1) – natural wetlands; flood levels rise due to 
embankments in: (B) –  followed by reclaimed floodplain (e.g. 

roads), (B1) – tidal levels do not change but flood levels increase 
and habitat changes; (C) – influence of increased flood elevation 

along the channel caused by embankments, new 25 year flood 
elevation due to embankment shown as topmost dashed line. 
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The accumulation of de-silted material forming 
embankments on channels that enters and passes through 
the wetlands of the Caroni and the Godineau Swamps 
demonstrates the absence of a holistic view of a river’s 
role and function that includes riparian ecology. Wetlands 
naturally receive and absorb floodwaters from rivers as 
they encounter the broad flat topography. In this area the 
banks are low and overflow of floodwaters nourish the 
riparian zones. Therefore a system that allows 
connectivity should be considered when embankments are 
contemplated within wetlands. Additionally, in tidal 
wetlands the capacity to absorb floods is reduced during 
high tides where embankments exist. Since, the flood 
water is confined within the channel and is prevented 
from spreading into the extensive wetlands. Finally, 
coastal wetlands that comprise a significant area of 
Trinidad’s land require a supply of fine sediment to 
maintain their presence and to build out seawards. Flood 
waters are the main source of this sediment supply and 
unplanned embankments may threaten their existence. 
Alternatively, a dynamic system, such as an appropriately 
designed gated network coupled with a series of 
embankments with different crest elevations (linked to 
flood frequencies) may be needed as opposed to the 
present static embankment structures found within our 
western coastal swamps. 
 
4. Discussion  
The structures on rivers such as embankments, bridges, 
culverts, weirs, and utility crossings (in the river bed or 
above ground) provide vital transport services, and 
protection of property and life. Additionally, their overall 
costs to construct (see Table 1), the potential damages 
upon failure, the costs and time to replace and the possible 
impact on the environment suggests that much care and 
attention should be given to their design, construction and 
maintenance. Therefore, to provide the best opportunity 
for a long useful life, personnel of appropriate advanced 
training are required to play a role in planning and 
executing maintenance exercises on rivers and their 
riparian zones. Tools for assessing sediment loads, flood 
potential, river erodibility, water resources and habitat 
conditions found in fluvial geomorphology and related 
engineering and environmental programs can prove useful 
in determining the required maintenance. Fluvial 
geomorphology in particular, “provides additional 
knowledge beyond that attainable from other fields 
(ecology, chemistry, hydrology, human and environmental 
sciences)” (Arnaud-Fassetta et al., 2009) and should form 
part of the training of all involved in managing rivers, 
flood risk and all surface flows.  

A common problem in gravel bed streams is bed 
instability (sedimentation and scour) as seen in Figures 1 
to 6, upstream and downstream of structures. However, 
these problems may have several sources of varying 
contributions: i) increased flow velocities due to the 

contraction of the flow by bridges and culverts; ii) storage 
of sediment behind a weir can result in sediment starved 
flows scouring downstream of weirs; iii) change in land 
use may increase flow rates and general stream velocities; 
iv) encroachment on the floodplain or the river reserve 
may constrict flows and produce locally high velocities; 
and v) illegal modification of the channel’s cross-section 
or flow path. However, problems related to local scour 
and sedimentation at structures can be mitigated at the 
planning stage and through regular inspections after 
construction. 

The interaction of the stream and the structure needs 
to be understood from the following views: water 
discharges (extreme events), structure hydraulics, stream 
morphology, sediment transport, debris transport, bank 
material erodibility, channel vegetation, bed material 
depth profile, bed-forms and grain-size analysis. Many 
manuals from trustworthy sources are freely available for 
the study and design of structures in floodplains and on 
watercourses (e.g. US Army Core of Engineers). 
However, care should be exercised and suitable research 
conducted prior to the design and construction of these 
important and expensive hydraulic structures. Once a 
poorly conceived structure is in place the cost to refurbish 
or replace can become a burden on scarce resources. 
Research is required to test the suitability of foreign 
designs (not specifically designed for the tropics or flashy 
gravel bed rivers) and where improvements are identified 
documented reports should be made available to 
designers. 

A flood risk management approach of the gravel bed 
rivers of the Northern Range should be adopted through 
the assessment of the dominant fluvial geomorphological 
processes (Montgomery and Buffington, 1997) and 
environmental demands. The first part of the assessment is 
a fluvial audit of rivers to determine the sediment budget 
of the catchment, the drainage network, land use pattern 
and rate of change, over land erosion control measures, 
stream hydraulic properties, rate and type of channel 
adjustments, floodplain connectivity, high flow regime, 
width variability, obstructions and riparian modifications, 
erodibility of bed and banks, water resources demands, 
and history of maintenance (Maddison, 2012). Such a 
catchment scale or river basin fluvial audit provides the 
opportunity to address the problems at source where 
possible e.g. hill slope erosion may be identified as 
important and may be reduced by re-vegetation, or other 
environmentally friendly and sustainable solutions. 
Furthermore, bridges may prove to be trapping debris and 
generating floods and may therefore need modifications or 
replacement or a combination of appropriate traps 
strategically located in the catchment combined with 
riparian zone management. 

The other part of the assessment is that of the 
environmental demands of flora and fauna including space 
to roam, habitat, and water. The water resources demand 
of the environment must be a priority in any river 
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maintenance programme since a diverse healthy 
environment is an indicator of our sustainability 
(UNESCO and UNEP, 2002). Therefore, natural stream 
flows should be maintained as far as possible allowing 
some levels and frequency of flooding to maintain riparian 
habitat and provide natural flood storage. 

There is need for monitoring plans, policies and 
procedures to be implemented and managed using 
geomorphological tools such as fluvial audit. Unlike the 
many hydraulic studies on flooding over the years both 
within agencies and at the Nation level at extremely high 
monetary values as shown in Table 1 above, fluvial audits 
identify the locations and the nature of the problem at its 
source and the areas of potential impact. Hydraulic studies 
generally only identify the areas impacted and propose 
solutions for the impacted area. However, since most of 
the hydraulic studies are not implemented on a timely 
basis and due to the absence of data (quality and quantity) 
designs are prone to fail. An example of a failed study 
include: National Drainage Development Programme, 
World Bank Loan, Rehabilitation of selected Drainage 
Irrigation and coastal Infrastructure Works Trinidad and 
Tobago Loan 3784-TT. World Bank’s report given below: 

A water sector institutional strengthening project in 
Trinidad and Tobago was largely unsuccessful in both 
construction of flood control and drainage works and in 
its institutional reform because a hasty project 
preparation process that tried to combine rapid 
emergency assistance with long-term aid to the water 
sector resulted in insufficiently broad consultation and 
failed to appreciate the extent of political risks (IEG. 
2003. Project Performance Assessment Report, Trinidad 
and Tobago, Water Sector Institutional Strengthening 
Project (Loan 3784 -TT). Report No. 25781 - TR. 
Washington DC, World Bank.). 
 
5. Conclusion 
In Trinidad much of our approach to preventative and 
sustainable maintenance of drains and rivers has been ad 
hoc in the sense that there is not a single major catchment 
where in the chief contributors to erosion and sediment 
transport is being addressed simultaneously. De-silting 
and concretizing of channels are the most often 
implemented maintenance activity while alternative 
methods receive less attention. Maintenance requires a 
holistic view and a multi-objective planning approach as 
opposed to a narrow view of flood water conveyance. The 
importance, function, cost of construction and cost due to 
potential failures of structures on rivers suggest that 
specialised advanced trained professionals (e.g. river 
engineers) play a greater role in Trinidad and Tobago in 
planning and executing maintenance works of rivers and 
drains with the tools of fluvial geomorphology. Finally, 
there is need for improved monitoring programs of post-
construction and post de-silting works on hydraulic 
structures to reduce the frequency of failures.  
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Creek South-Trunk Road to control the tidal influence on the road 
and rehabilitated the San Juan River weir in Aranguez, and 
optimised its function providing a sedimentation basin, scour 
protection and intake opening. 
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Abstract: The National Oil Spill Contingency Plan (NOSCP) for Trinidad and Tobago 2013 provides the revised Government 
policy on preparedness and response to oil spills within Trinidad and Tobago. One of the major new initiatives of the revised 
NOSCP is the adoption of the Incident Command System (ICS) for management of oil spills. Another major initiative of the 
revised plan is the establishment of a Tier II Oil Spill Response Organisation (Tier II OSRO) to replace the Area Controller 
System established by the former plan. The Tier II OSRO is a co-operative system to be set up in Trinidad and Tobago by oil 
operators in order to share Tier II resources. Requirements have been provided to oil operators in conducting risk assessments, 
determining equipment needs, frequency of drills and exercises and minimum training criteria for responders. Guidance is 
provided to responders on the techniques that can be employed for responding to a spill based on its location whether it is on 
water, on the shoreline or on land. The Plan has put in place special deep-water requirements for deep-water operators. Deep-
water operators will be required to have systems in place to have ready access to equipment including containment systems like 
containment caps, remote operated vehicles and additional rigs prior to approval to conduct drilling operations.  

Keywords:  Oilspills, preparedness and response, ICS, deepwater spills, Trinidad and Tobago 
 
1. Introduction 
The National Oil Spill Contingency Plan (NOSCP) of 
Trinidad and Tobago 2013 was developed as a result of 
the need to revise aspects of the previous plan which was 
approved in 1977. Since that time there have been changes 
in the oil and gas operations landscape of Trinidad and 
Tobago that has altered the risk profile. Although oil 
production is not as prolific as in 1977, there are more 
energy operators in the country, tanker shipping traffic in 
the Caribbean Sea has increased, and Trinidad and 
Tobago is on the cusp of re-entering deep-water drilling 
operations. 

The outline of this revised plan was developed from 
the Regional Association of Oil and Natural Gas 
Companies in Latin America and the Caribbean (ARPEL) 
document under the title “How to Develop a National Oil 
Spill Contingency Plan” in association with the Regional 
Activity Centre/Regional Marine Pollution Emergency 
Information and Training Centre for the Wider Caribbean 
(RAC/REMPEITC-Caribe) based in Curacao 
(Wotherspoon and Solsberg, 2005). This outline was 
modified to create the revised NOSCP. Some material that 
was still relevant from the first Cabinet-approved NOSCP 
developed in 1977 was incorporated into this plan. In 
addition, some of the material that was developed in a 
2003/2004 draft version of the plan was also incorporated 
into the plan. 
 
2. Purpose of the Plan 
The purpose of the NOSCP is to delineate responsibilities 
for the operational response to terrestrial and marine 

emergencies, which could result in oil spills and cause 
damage to Trinidad and Tobago’s environment and 
economy. The central objective of all countermeasure 
operations will be to minimise the threat to human health 
and terrestrial and marine ecosystems inter alia seabirds, 
marine life, fisheries, ecologically sensitive zones, 
beaches, forests, agriculture, inland water courses, water 
intakes, groundwater reservoirs as well as other 
economically relevant facilities and amenities at risk. 
Preservation of human life is to be paramount to any 
decision-making process and response including the 
public and responders alike. 
 
3. The Authority and Management of the Plan 
The authority invested in the Ministry of Energy and 
Energy Affairs (MEEA) with respect to the management 
of oil spills, to date, resides with the Petroleum Act (1969) 
and Regulations (1970) which allows the MEEA to 
regulate and manage spills caused by petroleum and 
petrochemical license holders. With the future passage of 
the Shipping (Marine Pollution) Bill which would ratify 
some of the International Maritime Conventions which 
Trinidad and Tobago is a signatory would invest the 
MEEA with wider regulatory powers for the management 
of national oil spills. Trinidad and Tobago is a signatory 
to numerous International Environmental Conventions 
such as the Cartagena Convention (1983), Oil Spill 
Protocol (1983), Oil Spill Preparedness, Response and 
Co-operations Convention (OPRC 1990), Civil Liability 
Convention (CLC 1992) and the Compensation for Oil 
Pollution Damage Fund (FUND 1992).  
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All of these conventions which are associated with oil 
pollution, except the Cartagena Convention, have been 
assigned by Cabinet to the MEEA for management and 
reporting as the Minister with responsibility for Petroleum 
resides in the MEEA. Other agencies such as the 
Environmental Management Authority, Maritime Services 
Division (MSD), and Trinidad and Tobago Coast Guard 
also have jurisdiction with respect to emergency 
management which complement the management of oil 
spill incident in Trinidad and Tobago based on the 
Environmental Management Act 35:05, the Shipping Act 
50:10 and the Oil Pollution of Territorial Waters Act 
37:03, respectively.  
 
4. Design and Implementation of the Plan 
4.1 Notification of Incidents 
Notification of an oil spill incident may be obtained from 
many sources. However, the normal methodology for 
receipt of information can be through contact directly with 
the MEEA, the EMA, the relevant Regional Corporation, 
the Trinidad and Tobago Coast Guard or the MSD of the 
Ministry of Transport (MOT). Upon notification and 
verification of the information received via ground, vessel 
or aerial assessment a determination whether the NOSCP 
is to be activated would be made by the MEEA. 
 
4.2 Tiered Response 
The NOSCP is activated by the National Controller of the 
NOSCP, who is also the Permanent Secretary of the 
Ministry of Energy and Energy Affairs. The Plan is fully 
activated at Tier III when the responsible party requires 
national and/or international assistance with the 
management of the spill. Normally this would be for large 
spills requiring substantial resources and support. If the 
responsible party can manage the spill on its own the spill 
level is at a Tier I. 

Tier II spills require regional (an area or areas of the 
country) or national assistance and it is the plan for 
operators in Trinidad and Tobago to be members of a Tier 
II cooperative, called the Tier II Oil Spill Response 
Organisation (OSRO) in order to optimise the use and 
appropriation of stockpiles of shared equipment in-
country. This is a major deviation from the requirements 
of the 1977 NOSCP which divided the marine area of 
Trinidad and Tobago into five (5) areas and assigned 
responsibility for Tier II response to the five (5) 
companies/agencies (called Area Controllers) assigned to 
the respective five (5) areas (MEEA, 1977). At Tier II the 
NOSCP is partially activated with some level of control 
and direction for clean-up provided through the provisions 
of the NOSCP Incident Command Team (ICT). 

The Tier II OSRO System is not a new concept as 
such a system is used in other countries like the United 
States of America (USA), Canada and Brazil. In 
accordance with the NOSCP, oil and gas operators would 
be required to subscribe to a Tier II OSRO service set up 

in Trinidad and Tobago. 
In order to assist operators with the determination of 

the amount of equipment required for their operations 
based on a risk assessment, the plan requires operators to 
determine their worst case spill scenario. Once this is 
determined, operators are to determine what a “small” 
spill is for their operation which is determined to be not 
more than one (1) per cent of their worst case spill. A 
“medium” spill is not more than ten (10) per cent of an 
operator’s worst case spill scenario. Hence through this 
mechanism, it could be determined how to plan for a 
“small” and a “medium” sized spill scenario in terms of 
equipment requirements. 
 
4.3 Incident Command Team 
If the NOSCP is activated, the NOSCP requires the setting 
up of an Incident Command Team (ICT) comprising 
officers from relevant Government Ministries and 
Agencies who would manage a national incident in an 
Emergency Operations Centre (EOC). Normally the 
agencies that are part of the ICT include the Trinidad and 
Tobago Coast Guard (TTCG), the Trinidad and Tobago 
Air Guard (TTAG), Trinidad and Tobago Fire Services 
(TTFS), the Environmental Management Authority 
(EMA), Maritime Services Division (MSD), the Institute 
of Marine Affairs (IMA) and the MEEA. The system that 
has been newly adopted for management of national oil 
spills is the Incident Command System (ICS) as 
developed “over thirty years ago in the aftermath of a 
devastating wildfire in California (USA)” (FEMA, 2014)  

In this system, there is an Incident Commander who 
directs all response activities supported by a Command 
Staff comprising a Public Information Officer, a Safety 
Officer, a Liaison Officer and, a Security Officer, if 
warranted. The Security Officer would be required if there 
are security or criminal elements associated with response 
activities. Below the Incident Commander there are four 
Sections led by Section Chiefs. There are the Operations 
Section, the Planning Section, the Logistics Section and 
the Finance/Administration Section. The Incident 
Commander role is designated to be assumed by a MEEA 
representative. Utilisation of the ICS is envisioned to 
assist in the provision of an improved coordinated 
response by the MEEA and partner GoRTT Ministries and 
Agencies to a national oil spill incident. 
 
4.4 ESI Mapping and Trajectory Modelling 
In terms of areas for priorities for protection, 
Environmental Sensitivity Index (ESI) mapping of the 
coastline of Trinidad and Tobago using the National 
Oceanographic and Atmospheric Administration (NOAA) 
classification system of ranking the coastline on a scale of 
1 (least sensitive area) to 10 (most sensitive area) provides 
one reference point. The other reference point is the pre-
run trajectory model of the oil spill indicating where along 
the coast oil could possibly be impacting. Coupled 
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together, when there is an oil spill, it is expected that there 
should be a quick determination of which areas should be 
given priorities for protection based on impact, time and 
the availability of equipment in-country using the oil 
operator pre-run trajectory models. 

One of the major changes introduced in the plan was 
the requirement for pre-run oil spill trajectory models for 
worst-cast scenarios, including blow-out scenarios for 
drilling marine oil wells based on the well depth and/or 
the depth of water in which the well would be drilled. This 
is envisioned to provide a tool for planning of a response 
to an oil spill for such scenarios. 
 
4.5 On-water Response Techniques 
With respect to on-water oil spill response techniques, the 
use of dispersants is considered a primary response 
mechanism in Trinidad and Tobago. Dispersants approved 
by the MEEA are allowed to be employed provided that 
the area of application is in water depths greater than 10 
metres (30 feet) and one (1) nautical mile from any 
shoreline or 3 nautical mile up-current of a sensitive area 
(as determined by Fisheries Division or the EMA). These 
distance and water depth requirements for the use of 
dispersants were adopted from the Caribbean Oil Spill 
Contingency Plan as developed by RAC/REMPEITC-
Caribe (2013).  

Dispersants must also be used in accordance with the 
manufacturers’ recommendations. Another response 
method that the revised NOSCP addresses is the use of in-
situ burning. Containment of the oil by a boom to get the 
oil thickness to 3 mm is necessary for ignition. A 
requirement of use is that this technique cannot be applied 
less than 12 nautical miles from another island state or 
territory without their permission. Another on-water 
technique for oil response that is commonly applied is 
booming and skimming operations which is usually used 
together with other methods described above for large 
spill incidents. 
 
4.6 Shoreline Response Techniques 
As far as possible oil spill response techniques are 
employed so that impacts to shorelines are minimised. 
Spills impacting shorelines can be threatening to wildlife 
and may also result in a more expensive response. 
Therefore, initial response normally focuses, as a primary 
objective, on treating oil in the open water. However, the 
protection of shoreline areas is also a priority during a 
response and as such needs to be considered as one of the 
response objectives. 

The different shoreline types falling within the 
affected area need to be identified and measured and the 
most appropriate clean-up strategy for each considered. 
Factors required to be taken into account include amenity 
value, whether beaches are easily accessible for heavy 
equipment and the ability of the beach to support such 
vehicles. 

Manual clean-up followed by natural attenuation of 
the remaining oil is preferred for ecological reasons. 
Chemicals used on shoreline clean-up must be approved 
by the relevant authorities for the intended use. Associated 
safety and environmental risks must be carefully 
evaluated and legal issues addressed, as is the case for all 
response options. There are several ways of acting in the 
event of an oil spill on the shoreline, but they all depend 
on the actual situation. In some cases the no-action 
response is the acceptable response, especially with 
respect to the determination of whether to clean oiled 
mangroves. 
 
4.7 Clean-up and disposal of Recovered Oil 
Clean up and disposal will be dependent on a number of 
factors, for example, by the characteristics of the 
environment (e.g. sandy beach, rocky beach, estuary, 
mangrove, recreational facilities); by species; by 
accessibility; by type and volume of spilt material; by 
equipment available and by human resource availability. 
A Natural Resource Damage Assessment (NRDA) is to be 
carried out by the EMA and supported by the IMA, 
MEEA, and the MFP which would direct on the best 
course of action regarding disposal. 
 
4.8 Fingerprinting 
With respect to determination of the type of oil that was 
spilt especially if the responsible party and/or source are 
unknown, fingerprinting is the preferred methodology to 
assist in determination of the type and the possible source 
of the oil. The fingerprinting technique utilised currently 
in Trinidad and Tobago is the Gas Chromatography-Mass 
Spectrometry (GC-MS) method. This is the technique that 
is available through the Institute of Marine Affairs (IMA). 
Remote sensing such as photography, radar, infrared and 
satellite technology may also be useful for the purposes of 
evidence in order to assist in source identification, 
determination and tracking of oil spills.  

Upon determination of the source of type of oil 
followed by comparisons conducted with other samples 
taken from possible sources and with other associated 
evidence, the responsible party may be identified. He 
would then be constrained to bear responsibility of the 
cost of the response either voluntarily or through legal 
channels. If fingerprinting and other evidence fail to 
identify a responsible party, the burden of financing the 
response would rest with the State. 
 
4.9 Oiled Wildlife 
Regarding responding to oiled wildlife, there are 
rehabilitation centres that have some capacity to address 
this issue. It is required that identified and approved 
rehabilitation centres would be activated based on their 
capacity and capabilities to address the oiled wildlife 
issues that present themselves in the course of oil spill 
response. It is determined that oiled wildlife will be 
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addressed in accordance with the International Petroleum 
Industry Environmental Conservation Association 
(IPIECA) Guidelines on Oiled Wildlife (IPIECA, 2004). 
This is an area that has been identified as requiring further 
development and attention especially as it relates to Tier 
III spill incidents. 
 
4.10 Public Relations 
Effective public relations are an integral part of any oil 
spill clean-up operation. In the event of spillage, the 
National Controller, in collaboration with the relevant 
GoRTT agencies including the MEEA, EMA and the 
TTCG, is expected to make coordinated arrangements for 
experienced Public Information Officers (PIOs) to 
disseminate pertinent information to the public and the 
media to ensure that those who need to know have a full 
and timely appreciation of the incident and of the actions 
taken and progress made during the response. Using the 
ICS, the preferable mechanism is the establishment of a 
Joint Information Centre comprising the PIOs from the 
relevant GoRTT agencies, led by the PIO from the 
MEEA, to provide regular communication through 
various media in order to inform on the progress of the 
response and to provide public advisories. 
 
4.11 Compensation 
The 1992 Protocol of the International Convention and 
Civil Liability for Oil Pollution damage (the “CLC”) once 
enforced makes the owner of a ship carrying cargo of 
persistent oil in bulk strictly liable for any pollution 
damage in the area of Trinidad and Tobago including the 
territorial waters, seabed, shores, beaches and ecology 
thereof. “The Convention applies to all seagoing vessels 
actually carrying oil in bulk as cargo, but only ships 
carrying more than 2,000 tons of oil are required to 
maintain insurance in respect of oil pollution damage. The 
Convention covers pollution damage resulting from spills 
of persistent oils suffered in the territory (including the 
territorial sea) of a State Party to the Convention. It is 
applicable to ships which actually carry oil in bulk as 
cargo, i.e. generally laden tankers. Spills from tankers in 
ballast or bunker spills from ships other than tankers are 
not covered, nor is it possible to recover costs when 
preventive measures are so successful that no actual spill 
occurs. The ship-owner cannot limit liability if the 
incident occurred as a result of the owner's personal 
fault.” (IMO, 2014)  

In cases where the costs of clean-up exceed the 
limited liability of the owner of the ship, Trinidad and 
Tobago may make a claim to the International Oil 
Pollution Compensation (IOPC) Fund in accordance with 
the 1992 Protocol of the Convention on the Establishment 
of an International Fund for Compensation for Oil 
Pollution Damage as Trinidad and Tobago is a party to the 
IOPC Fund Convention. 

If the incident is not related to a ship but another type 

of operator, then it is expected that the operator would 
provide reasonable compensation for affected parties 
based in accordance with the principles of the Petroleum 
(Pollution Compensation) Regulations 62:01. If the 
responsible party is unidentified, unfortunately no 
compensation in the strictest sense can be legally provided 
for affected parties. 
 
4.12 Drills and Exercises 
Preparedness is a very important part of the NOSCP for it 
to function effectively in the event of an incident. There 
may be a temptation to believe that when there are no oil 
spill incidents there is nothing for planners or responders 
to do. Nothing could be further from the truth. The 
NOSCP provides a frequency for conducting of Tier I, II 
and Tier III drills and exercises with respect to dispersant-
spraying equipment, deployment of equipment on a 
limited or full scale, and simulated exercises. 
Concurrently, a training matrix is also provided so that all 
responders can be appropriately qualified to fulfil their 
role and responsibility in an oil spill drill or real oil spill 
incident. It is required that responders become Federal 
Emergency Management Agency (FEMA) certified in the 
various levels of ICS training as well as certified in their 
designated role with ICS. In addition all relevant GoRTT 
agency personnel and management would be required to 
become International Maritime Organisation (IMO) 
certified trained in oil spill response to the level expected 
of them to function for oil spill incident management. 
 
4.13 Deepwater Requirements 
The revised NOSCP provides special deep-water 
requirements in order to operate in the deep-water 
environment that did not exist in the 1977 Plan (MEEA, 
1977). Deepwater operators must demonstrate that they 
can demonstrate that they can secure or possess the 
following: 
1) Remote operated vehicles (ROVs), with the capability 

of performing anticipated underwater tasks, in-
country in order to assist in responding to deep-water 
incidents; 

2) Subsea dispersant capability; 
3) Dynamically positioned vessels to respond to the oil 

spill; 
4) Vessels with fire-fighting capability; 
5) A containment cap for sub-sea wellheads; 
6) An additional rig in order to drill a relief well, and 
7) Agreements in place in their response plans with 

relevant vendors. 
 
5. Conclusion 
Many, if not all, of the systems described in this paper are 
changes from the old plan of 1977. It is expected that 
there will be need to educate all relevant persons 
regarding the plan, as well as implement the plan as a 
whole. It is expected that it would take about two years for 
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the new NOSCP to be fully functional. 
There is cognizance that the legal system to make the 

plan robust still needs to be addressed through the 
ratification of the applicable International Conventions 
like International Convention for the Prevention of 
Pollution from Ships (MARPOL 73/79), OPRC 1990, 
CLC 1992 and the IOPC Fund 1992 through the Shipping 
(Marine Pollution) Bill. It is expected that this work will 
continue so that all aspects of the NOSCP can function as 
intended.  
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1. Caribbean Natural Hazards 
Eng. Tony Gibbs 

The Council of Caribbean Engineering Organisations (CCEO) 
 
Abstract: The Caribbean is a region of multiple natural hazards which impact on the built environment - earthquakes, 
tsunamis, volcanic activity, hurricanes (wind, rain, storm surge, waves), torrential rain (not associated with hurricanes). These 
must now be added the effects of climate change. The presentation will deal mainly with the earthquake and wind hazards. 
Some examples of the impacts on structures in the Caribbean of earthquakes and hurricanes during the recent decades will be 
shown, with commentary on Caribbean engineering and architectural practices in the different countries as they affect the 
vulnerability of new buildings and infrastructure. The current hazard information for use in the design against earthquake, 
wind and rainfall hazards in the Caribbean will be summarised. The various regulatory frameworks, and their shortcomings, in 
the different Caribbean countries will be discussed. The effective French system employing bureaux cle contr6le will be 
outlined. This is institutionalised only in the French departments of Guadeloupe, Martinique and Cayenne. Climate change is 
already affecting the hazard levels in the Caribbean. It also has the potential to impact noticeably on the vulnerability of the 
built environment. Some of these issues will be introduced for consideration by the audience. 

Keywords: Hazards, impacts on structures, design, regulatory systems, climate change. 
 

 
2. Erosion Control 

Eng. Ewoud Heesterman, Consultant 
 
Abstract: This presentation is concerned with an approach to erosion control (ESC). The approach is to dimension the 
stormwater storage and conveyance system such that increased runoff is compensated by increased storage, and merge the 
stormwater system into the landscape so that space that is at times used for storing/conveying stormwater is also otherwise 
available e.g. for parking and public green space. Integral to stormwater management are appropriate ESC-measures. This 
avoids erosion in the first place by minimising overland flows over vulnerable surfaces and high flow velocities, covers all 
erodible soil, and filters/ settles suspended solids out of stormwater before it leaves the site. Besides, there are needs to use 
plant cover to prevent erosion, slow down the rate of flow and trap sediment once it has been brought into suspension, and to 
use plants that are part of the existing ecosystem to create the required ambiance. In design, this approach will translate to 
storage, retardation/infiltration, and low flow velocities. For low flow velocities, these help by building up storage volume and 
by minimising erosion. Low velocities on steep slopes may be achieved by 1) aligning drains across slopes at shallow gradients, 
2) selecting drains with a shape that is hydraulically inefficient (wide shallow swales), 3) installing hydraulically rough drain 
linings and surface cover, and 4) stepping drains at locations of appropriately engineered drops so that between the drops the 
gradient may be shallower than the terrain gradient. Moreover, attention should be given to energy dissipation. This is to 
maximise permissible length of overland flow (PLOF), limit Length of overland flow. Through grading and terrain cover 
maximises the "permissible length of overland flow” (PLOF) before sheet flow concentrates and develops rills. On the other 
hand, this would minimise the actual length of overland flow (before surface sheet flow enters a drain) to not exceed PLOR. 
During construction the site is significantly more vulnerable to erosion as a result of the increased runoff from bare soil as well 
as due to the greater erodibility of bare soil. For those reasons additional (temporary) measures to limit erosion and off-site 
movement of eroded soil are needed during construction and until the site is again entirely covered by an erosion resistant 
cover. These measures are subject of a separate discussion on "construction site management". 

Keywords: Erosion control, stormwater management, flow velocities, slopes, construction 
 
 

 
3. Observing and Forecasting the Weather - and the Caribbean Hurricane Warning 

System 
Tyrone W. Sutherland 

Coordinating Director, Caribbean Meteorological Organisation (CMO), Port of Spain, Trinidad and Tobago 
 
Abstract: Forecasting the weather is not a matter of looking through the window or into a crystal ball. Meteorology is the 
scientific study of the behaviour of the atmosphere. The atmosphere has been studied for centuries, but true progress in 
understanding the science of the atmosphere started in the 18th century. It became clear that the variables that exist in the 
atmosphere, such as temperature, air pressure and water vapour, all interact and change spatially and in time, thus affecting 
the weather and climate on local, regional and global scales. It also became obvious that understanding the atmosphere 
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required proper observations of these variables around the world, so that in the 19th century, several countries began 
developing weather observing networks. Until the advent of computers, weather forecasting was crude, but the second half of 
the 20th century brought enormous breakthroughs in computing and communication capabilities and introducing new methods 
of observations, leading to massive strides in weather observing, forecasting and warnings. Like medicine, the more 
information a doctor has about a patient's body, the greater the ability to diagnose a condition and to predict the future state of 
the patient. In meteorology, the "body" is the entire world, comprising the land, oceans and atmosphere. This presentation will 
take a quick look at the tools available in observing the state of the weather over the entire world, and the interactions between 
the land, oceans and atmosphere, as well as the tools and methods used to diagnose and predict the current and future state of 
the weather. The presentation will then look at the Caribbean's own contribution to the global observing systems and, in 
particular, will examine the workings of the regional hurricane warning system that is a major component of disaster 
preparedness and response. 
Keywords: Weather forecast, Hurricane Warning System, Carribbean 
 
 
 

4. Logistics and Disaster Preparedness and Management 
Dr. Zaffar Kahn 

Programme Director, Arthur Lok Jack Graduate School of Business, Trinidad and Tobago 
 
Abstract: Logistics can be conceptualised as the scientific approach to the movement of goods, services, people, animals and 
information from one point to another point. Regionally, the current value chain networks have not been scientifically designed 
resulting in sub-optimal performance at best and contributing to disasters at worst. The situation is compounded by natural 
disasters from which no country is exempt from vulnerability. Recent events in the region clearly indicate that there are 
barriers to developing new technologies that is required to address climate change issues and achieve "green growth." These 
barriers include 1) Gaps in appropriate financing, 2) Entrepreneurial capacity constraints, 3) Uncertain regulatory 
environment and lack of enforcement, 4) Cultural and attitudinal relationship with the environment, 5) Lack the public sector 
and private sector bodies that support innovative engineering initiatives, and 6) Lack of awareness, concern and 
implementation. The way forward lies in the integration and coordination of all stakeholders using push and pull investment in 
innovative design initiatives including effective student exchange programmes at the tertiary levels together with proper 
accountability of seed funding awarded by donor agencies. 

Abstract: Logistics, natural disasters, preparedness, barriers, stakeholders 
 
 
 
5. Challenges of Disaster Preparedness and Management within the Drainage Division 

Eng. Shastri Gunness 
Drainage Division, Ministry of Environment and Water Resources, Trinidad and Tobago 

 
Abstract: The Drainage Division (DD) is a division within the Ministry of Environment and the Water Resources (MEWR). It 
was previously part of the Ministry of Works and Infrastructure MOWI). At the very beginning, the DID was part of the 
Ministry of Works and Hydraulics. Over the years, the Drainage Division's responsibilities have expanded from general 
maintenance of natural drainage channels to include the development and maintenance of main watercourses and irrigation 
systems; design and construction of hydraulic and coastal structures; provision of advisory services, to ensure efficient and 
effective flood, erosion and sedimentation control, drainage and irrigation, coastal protection and reclamation. In addition, the 
DID grants “Drainage" approvals for development works, both private and public. Presently the Division functions under 
outdated acts rendering the capacity to govern the limited. This is further complimented by lack of human resource, expertise 
and technological capacity, which warrants much needed attention within the internal structure and functioning in the event of 
a natural disaster such as flooding. Notwithstanding these challenges, the DID continues to conduct studies for Trinidad under 
the Comprehensive National Drainage Development Study (CNDDS) such as the North Oropouche, South Oropouche, Caparo 
River, Caroni River Basin and the Port of Spain Alleviation Programme. Additionally, the DD has implemented Flood Early 
Warning System (FEWS) in the Caroni River Basin (CRB). Other FEWS systems are soon to be implemented. To be included is 
a system of check dams (thirteen) within the CRB which are in different stages of design. Similar innovations are to be 
implemented in other river basins as well. 

Keywords: Challenges, Disaster Preparedness, Drainage Division, Trinidad 

 
 



Abstracts of The 2014 APETT Annual Technical Conference 

 

38

6. Fluvial Geornorphology in River Maintenance 
Dr. Pramenath Narinesingh 

Department of Civil and Environmental Engineering, The University of the West Indies, St. Augustine, Trinidad and Tobago 
 
Abstract: The perception that maintenance is the removal of sediments to increase flow capacity and to line channels with 
concrete to prevent erosion is evident in the present maintenance works. The absence of a holistic view of a river's role and 
function: conveyance of flows including flood waters, sediments and pollution, aesthetics, river ecology, riparian ecology and 
human traffic, is manifest in this method and practice of maintenance. The function, cost of construction and cost due to 
potential failures of structures on rivers dictate that engineering professionals play a greater role in Trinidad and Tobago in 
planning and executing maintenance of rivers and drains with the tools of fluvial geomorphology. Maintenance therefore, 
requires a holistic view and a multi-objective planning approach or catchment analysis as opposed to a narrow view of flood 
conveyance. Cases of the inadequate practices of maintenance of rivers and drains through wetlands, urban areas, irrigation 
systems and bridge crossings are presented and recommendations for corrective action are offered. 

Keywords: Fluvial Geornorphology, flow capacity, maintenance, rivers, drains 
 
 

 
7. Impact Flooding at Princess Elizabeth Centre and Mitigation Measures 

Implemented - A Case Study of the June 2011 Major Flood 
Eng. Fazir Khana and Eng. Dr. Vincent Cooperb 

 aAlpha Engineering, bThe University of the West Indies, St. Augustine, Trinidad and Tobago 
 
Abstracts: In June 2011, a rainfall event was recorded by the Water Resources Agency (WRA) of WASA, in the catchments of 
Maraval and Diego Martin with recurrence intervals in excess of 1:10 years. This presentation provides a detailed account of 
the rainstorm event and includes video footage of the ensuing flooding in the lower Maraval catchment and specifically in the 
Woodbrook Area. The direct impact of this flood at the Princess Elizabeth Centre (PEC), a home for physically handicapped 
children located on Ariapita Avenue in Woodbrook Port of Spain, was recorded and is presented here. A definition of the 
flooding problem related to the entire Maraval catchment as well as site-specific issues related to backwater effects on the site 
during storm events are examined based on hydrological and hydraulic analyses of the catchment. Alternative solutions to 
mitigate against flooding were developed and assessed by a team of engineers working on a philanthropic project for the 
Association of Professional Engineers of Trinidad & Tobago (APETT) on the request of the PEC Board. These solutions were 
specific to the PEC site but were based on generic flood mitigation strategies and analyses. The 1.55 Ha (3.8 acre) PEC site 
was effectively protected by isolating it from the ingress of flood waters through use of flood gates, a flood ramp, flap gates and 
backflow valves. Hydraulic modelling was carried out to simulate flood events for this case and also to examine the use of 
detention areas and pumps to handle larger storms in the future. A staged implementation is being carried out at the PEC site 
and the results have been subject to evaluation and monitoring by the team. Since the June 2011 flood event, the direct impact 
of subsequent flooding events at the Princess Elizabeth Home has been significantly mitigated through engineering efforts 
facilitated by APETT and implemented directly on site by private sector’s assistance and to some extent improvement in both 
the upper and lower catchments by various arms of the state. 

Keywards: Flooding, mitigation measures, catchment, hydraulic modelling 
 
 
 

8. Storm Water Pollution Prevention Planning  
Eng. Ewoud Heesterman, Consultant 

 
Abstract: A Storm Water Pollution Prevention Planning (SWPPP) starts with a design to limit discharges and flow velocities. 
During construction the risk of mobilising pollutants increase as construction works remove vegetal cover and expose bare 
earth. SWAPP identifies required works, sequencing and schedules for monitoring and maintenance to ensure proper operation 
and response to unplanned events, and ensures that: 1) Extent of exposed earth at any time is limited, 2) Mitigation measures 
are placed before ground is broken, (interceptor drains to direct upstream water from vulnerable areas, filters or sediment 
traps downstream of intended works), 3) Before ground is broken preparations are in place to re-cover earthworks as soon as 
earthworks are complete, and 4) Emergency response planning is in place. For Site-preparation, it is to suggest that 1) brush 
cut to allow an appreciation of the existing terrain surface while maintaining the soil-stabilising vegetation. Limit earthworks 
to actual footprints of foundations, roads and paved areas; 2) Demarcate trees to be retained and especially vulnerable areas 
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(steep slopes); 3) Install a stabilised construction exit, preferably part of the future planned road base, before vehicular 
movement from the site is permitted; 4) Equipment-maintenance and fuelling is only permitted on paved areas that drain to 
collection sump; 5) Install outflow control from site to limit discharge. Where it is impracticable to direct surface flow to a silt 
trap prior to leaving the site, surface runoff may leave the site after filtering through a silt fence, vegetated filter-strip or roll of 
absorbent material. Such filters shall be aligned along contours. 6) Where a right of way slopes downward from a construction 
site, a small ditch or ridge of material that will not be compressed by vehicle loads is to be placed diagonally across the 
passage to divert storm runoff from the right of way. 7) Install diversion dike/drain upstream of especially vulnerable areas 
(e.g. steep slopes). 8) Prepare topsoil and vegetation stockpile area. Limit surface flow onto stockpile area through judicious 
placement / interceptor drains. 9) Expand outflow control structure(s) to detention pond/silt trap. Install drains, working 
upstream from the detention ponds. At transition points from fast flowing drains to slower flowing drains (e.g. culvert outfalls), 
install the transition riprap before installing the concrete sections. 10) Move topsoil and vegetation. No vegetation may be 
burnt, as required large wood sections may be chipped prior to composting or for reuse as woodchip mulch. Keep ground 
disturbance away from trees to be conserved, at least as far out as the drip line. For Construction, it is to suggest 1) Upslope of 
road alignment, create a berm to divert surface runoff from the road to the locations where flows are to cross road; 2) Grade 
surfaces evenly, limit length of overland flow by contour drains or compost berms, and swiftly protect graded surface. 
Protection may comprise compost, mulch, grassing, wood-chips or coconut fibre installed with staples or first layer of final 
paving; 3) Compact road sub base swiftly, followed by compacted road base; 4) Cut only for foundation pads and ground 
beams; 5) Monitor and maintain vegetal cover and temporary cover (woodchips, compost layers and ridges, mulch) until the 
vegetal cover has matured. 

Keywords: Storm water, pollution prevention, planning, site preparation, construction 

 
 

9. Engineering and Managing an Overhead Electrical Network for Storm 
Eng. Eric Anthony Williams and Eng. Jusceno Jacob 

Grenada Electricity Services Limited (GRENLEC) 
 
Abstract: There is nothing like a major national disaster to remind one about the need to prepare for major national disasters. 
This was the case for us at GRENLEC when Grenada was ravaged by Hurricane Ivan on September 9, 2004. There was 
another reminder less than one year later on July 13, 2005 when Hurricane Emily continued the destruction that was left 
unfinished by Hurricane Ivan. Looking on the bright side, every calamity is a learning experience and it helps to take stock of 
what went right, and what went wrong. This paper seeks to establish the damage suffered to the electrical distribution network 
during the passage of Hurricanes Ivan and Emily, and the measures adopted by the company to prepare employees, re-engineer 
processes and engineer solutions for an electrical system that is less susceptible to future storm damages and by extension 
outages. Disaster preparedness must be a way of life for small vulnerable island states such as ours and it is crucially 
important that we share the lessons learnt from our experiences which must include the national coordination effort. While the 
paper focuses on engineering and preparation for hurricanes for the national electrical system, some of the initiatives may also 
be applicable to earthquakes, floods and other disasters. The paper begins with a pictorial presentation of the actual damage 
that ensued as a reminder to those who would have forgotten the details of an event that occurred almost ten years ago. The 
presentation analyses the damage seen in the footage, and discusses the root causes of the damage outside of the obvious 
hurricane force winds. Further into the paper we will look at the measures that can be adopted to mitigate the effects under 
similar conditions. Finally, the paper attempts to look at the impact of these mitigating measures on the construction and 
materials cost to the utility. 

Keywords: National disasters, electrical Network, mitigating measures 
 
 
 
10. TTEC Transmission System Disaster Management Planning, Design, Construction,  

and Maintenance 
Eng. Ravi Shukla 

Trinidad and Tobago Electricity Commission (TTEC) 
 
Abstract: A transmission system is the backbone of the electricity supply in a country. In the event the system is compromised 
during a natural disaster, the ability of the country to return to a state of normalcy would be seriously affected as electricity 
plays a pivotal role in restoration efforts. As such, the transmission system must be planned, designed, constructed and 
maintained to ensure that it is robust enough to withstand major threats such as hurricanes. An effective disaster preparedness 
plan must be in place to ensure that the entire or critical parts of the electrical system are operational before, during and after 
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a natural disaster. The presentation focuses on the design, construction, and maintenance of the transmission system, with 
specific reference to hurricane preparedness. Transmission network topology contingency planning is also discussed as it 
pertains to reliability and security. An overview of the Commission's Hurricane Plan is also discussed. Critical issues are 
mentioned and proposed strategies including support technical services, both local and foreign, are presented. A brief 
discussion is entertained on the critical role of suppliers of materials and equipment and contractors to the robustness of the 
electrical system, in the context of public procurement. Typical transmission infrastructure failure modes are also discussed 
during a hurricane event. The way forward is briefly discussed in terms of a holistic approach involving critical state and 
private stakeholders vis-a-vis coordination of critical activities during a hurricane and restoration efforts post disaster, as well 
as the coordination of engineering design and national planning having regard to the impact of failure of infrastructure on 
utilities. 

Keywords: Transmission system, critical issues, holistic approach, TTEC 
 

 
11. Disaster Management at TSTT 

Eng. James Richardson 
Telecommunications Services of Trinidad and Tobago (TSTT) 

 
Abstract: The survival or quick recovery of a country's telecommunications networks and services is critical in times of national 
disaster, both from a personal as well as business continuity perspective. In recognising this, TSTT seeks to build and maintain 
a robust infrastructure that minimises the chance of major disruption, while at the same time implementing processes and 
procedures to ensure quick detection, assessment and recovery from these inevitable occurrences. This philosophy drives its 
goal of being 'ALWAYS ON'. The presentation examines the underlying approach to core and access network design and its 
impact on service resilience. It also addresses the company's approach to disaster management including organisational 
structure, resource allocation and established procedures, all geared to minimising the disruption of critical customer services. 

Keywords: Telecommunications networks, network design, service resilience, TSTT 
 
 
 
12. Strategies for the Improvement of Structural Vulnerability: Highlighting the Role of 

the Engineering Community 
Dr. Stephen Ramroop 

Chief Executive Officer, Office of Disaster Preparedness and Management (ODPM), Trinidad and Tobago 
 
Abstract: The physical landscape of the Republic of Trinidad and Tobago has changed dramatically within the past 50 years, 
with significant increases in development reflected by both building density and industrial activity. Unfortunately, the nation's 
exposure to multiple natural and anthropogenic hazards has created conditions for structural vulnerability to become 
increasingly prevalent. In response to this, the Office of Disaster Preparedness and Management (ODPM), has implemented 
several initiatives such as the Communities Organised and Ready for Emergencies programme (CORE); the National Disaster 
Risk Reduction Committee and Sub-Committees (NDRRC); and the Critical Facilities Protection Programme in an effort to 
enhance national resilience. The ODPM also plays an integral role in the development of Plans, Polices and Legislation 
relevant to vulnerability and risk reduction, and sits on the Cabinet Appointed Building Code Committee. In the past the ODPM 
has worked with engineers to validate international best practice methodologies, ensuring that they are applicable to Trinidad 
and Tobago; lend support to disaster management plans and polices; conduct research and development; and of course, 
provide subject matter expertise at both the technical and strategic level. With a strong belief in a comprehensive, 
collaborative, and integrated approach to disaster risk management, the ODPM recognises the Engineering Community as a 
key stakeholder and seeks to highlight the critical role they play in ensuring the nation's readiness and resilience. 

Keywords: Natural hazards, structural vulnerability, disaster risk management, ODPM 
 
 
 

13. Design Evolution for a Proposed Port Subject to Earthquakes, Hurricanes and a 
Volcano at Carr's Bay, Montserrat 

Eng. Edward Albada 
T&T (and Caribbean) Country Manager for Halcrow Group (T&T) Ltd., a CH2M HILL Company, Port of Spain 
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Abstract: Montserrat, located in the Leeward Islands in the Eastern Caribbean, suffered devastating volcanic activity between 
1995 and 1997, resulting in the evacuation of the southern half of the island and the loss of its capital town, Plymouth. 
Montserrat was forced to relocate its entire operational port from Plymouth to Little Bay in the safe northern zone. Since its 
relocation to Little Bay, the port undertakes all its cargo operations from an emergency jetty, which was constructed in 1997 to 
serve as a safe evacuation access point for Montserratians. For the past fourteen years, all cargoes shipped by sea, to and from 
Montserrat passes through this small, inadequate, restrictive, temporary facility. In addition to the commercial cargoes, all 
passengers arriving by sea to the island land at the jetty. As there is no breakwater, the jetty is currently only safely accessible 
for operations 70% of the year. Access to Montserrat and the development of a new capital town at Little Bay are seen by the 
Government of Montserrat (GoM) as essential components in the re-development of a tourism industry which will help to 
stimulate and underpin economic growth for the island as a whole. To this end, the Government of Montserrat hired Halcrow, a 
CH2M HILL company, to develop a multi-use port facility design that will provide sheltered berthing for cargo vessels 
(container/ bulk, lift on/off and Ro-Ro), a ferry, cruise ships, fuel vessel, recreational vessels (marina) and fishermen. In 
addition to the threat from the volcano, the proposed site in Carr's Bay is susceptible to earthquakes as well as hurricanes. 
With respect to the latter, the site has to be able to reasonably survive a major hurricane event from the threat of wind loading, 
adverse sea conditions as well as extreme rainfall and associated riverine flows from streams immediately adjacent to the 
proposed site. The design effort required to analyse the threat from hurricanes included the collection of metocean data 
(hindcast and measured), extreme value analysis, coastal and riverine modelling. In addition, the design included consideration 
of the complex operational requirement of a multi-use port facility catering to ships up to 300 m long, seismic loading, limited 
local resources and material, minimal maintenance requirements, and the aesthetic requirement of the cruise industry. 

Keywords: Montserrat, metocean data, port facility design, tourism industry 
 
 

14. Seismic Modelling of a Multi-Span Semi-integral Bridge 
Eng. Christopher P Braden, Eng. Manvindarjit (Billy) Ahluwalia, and Eng. Christian T Ray 

CH2M HILL, 1101 Channelside Drive, Tampa, FL  33602, United States 
 
Abstract: The design of a multi-span bridge in a seismic region requires a refined analysis to determine the substructure 
response. In most cases, this analysis utilises a response spectrum in conjunction with a three-dimensional finite element or 
finite difference model to determine the behavior and loading requirements of a structure. When designing a bridge in a 
seismically active region, it is necessary to account for the force generated by the acceleration of the superstructure mass with 
consideration to multi-modal behavior. For short and medium span bridges, there are two common ways to carry this force, 
integral and semi-integral superstructures. The first method connects the superstructure integrally with the substructure. With 
this system, the entire seismic load is transmitted to the substructure and into the surrounding soil. In such a system, the 
substructure members will become much larger and require a deeper and more extensive foundation than would be necessary 
to carry the non-seismic loadings. The second method attempts to partially isolate the superstructure from the substructure by 
means of a semiintegral connection. The superstructure will remain isolated from the substructure by means of a semi-integral 
connection. During the design seismic event, the superstructure will only influence the substructure through stiffness of the 
girder bearing. Movement of the superstructure is primarily resisted by the passive soil resistance acting on the backwall, 
diaphragm, and finwalls. In this system, the superstructure is allowed to move independently of the substructure, making use of 
the passive resistance of the soil around it to carry the seismic load. By shifting the seismic resistance to the superstructure, the 
substructure components may be smaller than would be required for a fully integral structure resulting in a more cost effective 
structure. This strategy lends itself to more slender, flexible elements often at a lower cost to the owner. The intent of this paper 
is to present a methodology for analysing a multi-span, semi-integral structure in a seismically active region such as Trinidad 
and Tobago. The discussion will not attempt to justify seismic parameters, but will present a methodology and sample details 
for considering the passive resistance of the soil, elastic connection between the superstructure and substructure, and the 
pile/soil interaction. 

Keywords: Semi-integral, Seismic, Bridge, Modelling, Multi-span, Design 

 
 

15. Implementation of WASNs Disaster Preparedness Plan 
Eng. Anthony Chadee 

Water Resources Agency, Trinidad and Tobago 
 
Abstract: The Water and Sewerage Authority of Trinidad and Tobago (WASA) is responsible for providing a reliable water 
supply and effective wastewater collection and treatment to the population. WASA produces 225MGD potable water of which 
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55% is surface water, 35 % groundwater with the remainder 10% being desalinated water with over 90% of the population 
receiving a 24/5 supply. Tobago produces approximately 8 MGD with 80% of the population receiving 24/7 supply. The Water 
Resources Agency (WRA) which is a department of WASA manages the country's natural water resources through the 
regulation of water abstraction, watershed protection, surface/groundwater quality and hydrological/hydrogeological 
assessments. In order to ensure continuity of operations in the event of a disaster, WASA has embarked upon developing a 
Business Continuity Plan in conjunction with the ISO standard of 22301 once tested and implemented will improve the recovery 
times for water and wastewater restoration services in the event of a disaster. The IBI-Group has been retained by WASA to 
implement a Disaster Preparedness Plan with Business Continuity and Training an interactive web-enabled Disaster 
Preparedness Management Information Dashboard System (DPMIS). The DPMIS will integrate all major departments 
including operations, finance, corporate services, human resources and WRA through the completion and analysis of a 
Business Impact Assessment (BIA) questionnaire. The outcome of the DPMIS will be to assess the Company's preparedness 
levels for natural and manmade disasters. This DPMIS is an accessible platform for Managers who are accountable for HSE, 
emergency and disaster preparedness within their respective departments and are be required to update their division 
preparedness level through sustained annual mitigation measures which will inform Executive management and the Ministry of 
Environment and Water Resources the overall disaster preparedness level in the Authority. The DPMIS will also give an 
indication of the gaps and associated risks for Managers to interpret, analyse, view, update and implement mitigation actions 
for budgetary allocations. DPMIS will also form the database for the Authority's integrated management applications as used 
by various departments. The project duration is 18 months and commenced in July 2013 which consists of four (4) phases of 
which the second phase is presently underway. The first phase consisted of the BIA entry with extensive employee interviews. 
Preliminary testing and validation of the system with on-site training is incorporated. The subsequent stages of the DPMIS will 
comprise of its actual deployment complemented with drills, mock exercises and staff training. This paper discusses the project 
tasks, challenges, benefits and applications of building an interactive DPMIS for WASA. 

Keywords: Disaster Preparedness Plan, Business Continuity, WASA, DPMIS  

 
 

16. Multi-Focal UWI-DECE Collaboration on Disaster Management 
Dr. Arvind Singh, Dr. Kim Mallalieu, and Dr. Sean Rocke 

Department of Electrical and Computer Engineering, The University of the West Indies, Trinidad and Tobago 
 
Abstract: The Mission of the Department of Electrical and Computer Engineering (DECE) is "to produce competent, bold, 
articulate engineering graduates and to conduct relevant and innovative research and development for the social, economic 
and intellectual growth of the Caribbean region." To this end, the DECE engages in active research in a number of areas that 
impact various sectors of Caribbean society ranging from heavy industries to disenfranchised communities. The increased 
social consciousness surrounding disasters in recent times, due to catastrophic events across the globe (including the 
Caribbean) has gradually drawn the attention of several DECE faculty members wishing to positively contribute to regional 
security through their own particular fields of expertise. This presentation outlines the current research and curriculum 
activities currently in incubation at the department, which can be of use in Disaster Management across the region. These 
include: 1) Communication systems, Control systems, Electronics systems, Energy systems and Computer Systems Engineering. 
These represent the five thematic areas that comprise the teaching and learning objectives of the undergraduate degree in the 
DECE; 2) Caribbean ICT Research Programme, which promotes multi-stakeholder dialogue on the application of information 
and communications technologies to Caribbean social and economic development; 3) Telecommunication networks, which are 
the backbones of information transmission and are critical to disaster response and recovery. Work includes the analysis of 
current and upcoming communication technologies and information management systems in early warning systems, early 
alerting systems and emergency response and recovery systems. It also examines network survivability techniques and enabling 
regulatory and legislative frameworks; 4) Standards Harmonisation. While the availability of communications facilities is 
crucial to effective disaster management and public safety operations, existing communications infrastructure is challenged 
with providing the necessary communications services at a time when they may be most needed; 5) Simulation tools for Critical 
Infrastructure Interdependencies. In times of disaster, failure of a single infrastructure, i.e. electricity, water, communications, 
or sanitation, can have a cascading effect, leading to the breakdown of several other infrastructures and related services. Work 
is underway at the DECE in creating simulation tools to provide decision support for policyrnakers in the planning phase of 
disaster management to help in the understanding and visualisation of hidden interdependencies between critical 
infrastructures). 

Keywords: UWI-DECE collaboration, research and curriculum activities, disaster management 
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17. Towards a Preparation of a Workable Egress Plan for the Capital City of  
Port of Spain 

Eng. Dr. Rae Julien Furlonge and Eng. Miguel Cudjoe 
Consultants, APDSL, Trinidad and Tobago 

 
Abstract: The purpose of this paper is to develop and test an emergency response transportation egress plan for the capital city 
of Port of Spain. The nature of the city's emergency response plan will be determined by the crisis or threat for which it is being 
conceived, and the following are the emergencies that are being addressed: severe weather with flooding, fire, chemical 
disaster, and explosion. It is anticipated that a multimodal strategy may have to be adopted should egress from the city becomes 
imminent from any of the disasters indicated. At this point the modes contemplated include egress by: land (buses, maxi-taxis); 
water (ferry shuttle, water taxi); and air (helicopter). It should be noted that, should the particular disaster warrant, the use of 
private vehicles may have to be suspended. The study area proposed is the inner city of Port of Spain, the boundaries of which 
are suggested as comprising: the area bounded by Queen's Park East, Charlotte Street, Piccadilly Street, and Old St Joseph 
Road to the East; Wrightson Road, Colville Street, Tragarete Road and Maraval Road to the West; Queen's Park West to the 
North; and, Beetham Highway, South Quay, and Eastern Main Road to the South. This boundary was selected to capture the 
nearly 65 percent morning three-hour peak period inbound person trips and also represents the core area for the downtown 
business, governmental, and social activities. The study will utilise secondary data obtained from relevant agencies within the 
public and private sectors, and the authors' in-house data base. No primary research such as traffic surveys nor surveys of key 
stakeholders is contemplated because of the relatively short time-frame for the exercise. In the formulation of the proposed 
egress plan, the following elements will be included: (1) transport modes and accessibility requirements for the 
differently-abled; (2) primary transport routes; (3) traffic lane management; and, (4) critical traffic intersections and other 
points in the road network. The plan will be tested by simulating its operation in realtime utilising traffic data and other 
influencing factors. The outputs will be a number of simulations of the operations of the egress plan based on different 
assumptions of data inputs and factors. For example, alternative simulations may be based on best-case assumptions or 
worst-case or some intermediate case: There may also be simulations based on events and /or behaviours that can impact on 
the operation, such as the collapse of a culvert, a flooded portion of roadway, an accident causing blockage of a road or a 
major violation of the plan or a directive. These outputs will facilitate refinement of the plan and inform management actions. 
The paper will present maps and drawings which will highlight the staging points, routes, and alternative transport modes to be 
utilised for evacuation, and the - conference real-time simulation of the scenarios. 

Keywords: Multimodal strategy, emergency response, transportation egress plan, Trinidad 

 

 
18. Possible Roles for Concrete Roads and Their Appurtenances in Disaster 
Preparedness and Management in Trinidad and Tobago and The Caribbean 

Eng. Dr. Robin W. A. Osborne 
Consultant, Trinidad Cement Limited, Trinidad and Tobago 

 
Abstract: Much of the Caribbean is vulnerable to impacts from two major natural sources: hurricanes and earthquakes; these 
realities are reflected in the provisions of our building codes. In addition, industrialised areas, some of them adjacent to 
substantial housing developments, are potential sources of events capable of causing harm to life, property, or the environment. 
The Point Lisas Industrial Area and Port in Trinidad is a major example of this latter possibility. In any major catastrophe, the 
ability to mobilise and deploy essential recovery services is an essential factor in post-event management. The robustness of the 
road network, and its potential for being serviceable after major events, is therefore an important national consideration, 
Issues such as length of anticipated service life; resistance to erosion from surface water; load-carrying capability; reduced 
maintenance requirements; reduced lighting requirements at night; reduced fuel consumption from heavy vehicles; resistance 
to deformation, distress, and riding-quality degradation on steep slopes and zones subject to large horizontal loads from larger 
vehicles (braking, acceleration, and small-radius turning zones, including roundabouts), are among the issues involved. Higher 
resistance to heat from adjacent fires (forest, fuel storage, other), and complete immunity to damage from petroleum fuels and 
lubricants, are additional considerations. The scope for the controlled texturing of concrete road surfaces to achieve particular 
grip or surface-drainage characteristics is another intrinsic characteristic of the material. Alternative construction 
technologies suitable for certain classes of concrete roads include roller-compacted concrete (RCC) which can be placed with 
some traditional asphalt-paving equipment. Relevant material technologies include the use of pozzolans in pavement mixes to 
improve pavement quality/economy, the use of super-plasticizers and non-chloride accelerators to provide high early strength 
for early passage of traffic, cement-stabilised bases, and soilcement. The paper submits that concrete roads possess 
considerable un-explored potential in this area, and that previously this potential has perhaps not been sufficiently considered, 
In recent times the scope of this potential has been further extended by advances in concrete technology and mix design, 
supported by the development of alternative construction methodologies. These, as well as the relative rates of price increase of 
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Portland cement versus oil have changed some traditional pricing structures, and the picture for Trinidad and Tobago is briefly 
examined. Reference is made in the paper to successful Caribbean applications of concrete roads, a number of them in 
particularly challenging situations, where previous alternatives have proven unsuitable by repeated failure; these experiences 
have clearly demonstrated the reality of the potential of concrete-roads as a preferred alternative in a number of scenarios in 
the Caribbean region. 

Keywords: Concrete roads, appurtenances, pozzolans, plasticizers, Trinidad 
 

 
 

19. The Role of Emergency Mutual Aid as an Effective and Innovative National 
Coordinated Emergency Response Solution 

Antonia Lucky 
President, Trinidad and Tobago Emergency Mutual Aid Scheme 

 
Abstract: Emergency Mutual Aid Schemes play a key co-ordinating role for the effective mobilisation of emergency resources 
for distressed members in cases of major or critical incidents. An industrial mutual aid plan is an agreement between all 
participating members to share their emergency response equipment, personnel and other resources with other members in the 
event of an unexpected incident or emergency. The purpose of mutual aid plans like TTEMAS' (in existence for 30 years) is to 
establish a national coordinating vehicle for member companies to provide and receive emergency mutual aid assistance. This 
is accomplished by establishing a common communication system amongst participants and maintaining an inventory of 
resources that each member undertakes to release if requested. The mutual aid plan provides procedures for the industrial 
petrochemical sector to effectively request resources, thus reducing down time and the ability to communicate with other local 
response agencies. An excellent 'case study' to exemplify the role, function and benefits of emergency mutual aid, can be seen in 
the video and picture footage of the August 2012 TTEMAS Emergency Response Full Scale Exercise where over (30) 
petro-chemical companies in Trinidad & Tobago successfully activated the mutual aid scheme and managed the emergency 
event. Mutual Aid can and does add value to participating members, and the benefits continue to include the development of a 
generative safety culture, a level of emergency management comfort and an atmosphere of continuity operations. The learning 
objectives of this presentation are to 1) understand, appreciate the value of and implement where possible and feasible a 
National emergency mutual aid program or scheme within their work zones/ locations; 2) receive hands-on feedback on the 
successes, areas for improvement and lessons learnt by TTEMAS in effecting the emergency mutual aid processes and plans 
over the past 30 years in Trinidad & Tobago; and 3) expose attendees to the trainings, programs, resources and equipment that 
function together to bring about success in the mutual aid scheme management of all types of national petrochemical and other 
types of emergencies. 

Keywords: Emergency Mutual Aid Schemes, emergency response, Trinidad and Tobago 

 

 
20. Trinidad &Tobago Oil and Chemical Spill Contingency Plan 

Marc Rudder 
Chairman National Oil and Chemical Spill Committee, Ministry of Energy and Energy Affairs, Trinidad and Tobago 

 
Abstract: The first National Oil Spill Contingency Plan of Trinidad and Tobago (NOSCP) was approved by Cabinet in 1977. 
This plan was updated and the new version was approved in 2013. The Plan was designed to provide the means to respond to 
all land and marine spills and pollution by oil. One of the major new initiatives of this revised Plan was the adoption of the 
Incident Command System (ICS) for management of national oil spills to assist in the provision of an improved coordinated 
response to such incidents. Another major initiative of the Plan is the requirement for the establishment of a Tier 2 Oil Spill 
Response Organisation (Tier 2 OSRO) for Trinidad and Tobago replacing the Area Controller system to particularly improve 
the response to spills in the marine environment. The Plan provides for the adoption of the minimum standards of the US Code 
of Federal Regulations for the determination of the most appropriate response mechanisms and technologies based on 
environmental considerations and requisite in-house and contracted equipment stockpiles of equipment based on Average Most 
Probable Discharge (AMPD) and worst-case discharge scenarios. The plan provides guidance on the minimum frequency for 
conducting table-top, limited scale and full-scale drills and exercises, and the minimum training for responders based on roles 
and responsibilities within the ICS and beyond in a spill event so that they can adequately fulfill their responsibilities. The Plan 
also provides some of the deep-water response requirements regarding the availability and redundancy regarding Remote 
Operating Vehicles (ROV), capability of sourcing additional rigs within a reasonable time frame, waste treatment, 
determination of response time to mobilise vessels, rigs, air-craft and other equipment and storage and disposal plans for 
recovered oil in order to respond to a deep-water incident. One major part of this Plan is also access to a Containment System 



Abstracts of The 2014 APETT Annual Technical Conference 

 

45

for Blow-outs. Operators with vested interest in the deep water blocks shall be required to have access to containment system 
for deep-water blow outs. Such a system offers a key advantage to the current response equipment in that it will be 
pre-engineered, constructed, and tested for rapid deployment in the deep-water. The system should be flexible and adaptable. 
There currently exists a Bilateral Oil Spill Contingency Plan between the Republic of Trinidad and Tobago and the Bolivarian 
Republic of Venezuela which was signed in 1989 given our close proximity between our countries and our plans to develop 
cross-border hydrocarbon reserves. It is expected that we will attempt to strengthen this alliance in the future in light of our 
recent upgrade of our National Oil Spill Plan. In addition we also plan to explore the development of other bilateral plans with 
our other close neighbouring countries. 

Keywords: Oil spills, preparedness and response, ICS, deepwater spills, Trinidad and Tobago 
 
 
 

21. Engineered for Disaster Preparedness 
Henley Harewood 

Vice President, Health, Safety, Security and the Environment, Atlantic LNG, Trinidad and Tobago 
 
Abstract: Atlantic is one of the world's largest producers of Liquefied Natural Gas (LNG). Atlantic's Trains have been 
designed/ constructed/built in accordance with best engineering Codes and Standards (primarily NFPA 59A). Atlantic Trains 
are operated in accordance with internationally proven practices required for safely and efficiently operating LNG process 
plants. These operating practices are constantly audited by our shareholders as part of the assurance process. Recognising 
Atlantic is a Petrochemical plant and there are inherent risks, Atlantic has a robust Risk Management system in place tied with 
the four tenants of Disaster Management, namely Preparedness, Mitigation, Response and Recovery. Examples of some systems 
associated with the tenant of ‘Preparedness’ are 1) A Permit to Work System in place - all work on the  facility is done with an 
approved PTW for any job; 2) A Control of Work System in place - all work is planned and risked assessed; 3) A Process Safety 
System of which our Asset Integrity Management (AIMS) is a fundamental part speaks to keeping hydrocarbons in the pipe; 4) 
A Robust Contractor Management System in place covering all areas of contractor management competency to ensure 
awareness and compliance of Atlantic's safe systems of work.; and 5) A Risk Register which is constantly reviewed where Risks 
to safe operations are identified, monitored and mitigated. In association with the ‘Mitigation’ tenant, these systems include 1) 
Early Warning Systems (Gas detection system, fire suppression systems etc.); 2) Alarm management system ESD - Emergency 
Shut Down Systems; 3) Incident investigation process where all incidents (personal and process) are categorized and 
investigated accordingly; 4) A robust maintenance system; 5) Sharing of Lessons Learnt from other LNG plants worldwide as 
well as sharing Best Operations Practices; 6) Testing of our Emergency Response Preparedness; and 7) Persons on plant are 
housed in Blast Resistant Shelters and most are removed from the site and are now housed in the new Administration building 
in Clifton Hill, Point Fortin. For securing the ‘Response’, tenant, 1) Atlantic has an Integrated Emergency Response 
Management Plan in place led by the CMER Manager and ER Team, led by a Fire Chief (former Divisional Fire Officer of 
T&T Fire Service); 2) Conduct Drills continuously on the facility. Twenty-eight drills have been done to date; and 3) Atlantic is 
also a member of the TTEMAS South Chapter and also a part of the Mutual Aid in Point Fortin which we re-activated. 
Regarding the ‘Recovery’ tenant, Atlantic has a robust Business Continuity plan in place which has been tested and audited by 
our Shareholders. The plan speaks to different scenarios from IT to Process Safety events and what recovery looks like. The 
Plan has assigned owners who have all been trained in the requirements of their specific plan. The plan was last tested in 
September. Moreover, Atlantic is aware of the Security Threats to the facility, especially post 911 and most recently the Algeria 
attack earlier this year. Atlantic is ISPS certified, and also has a robust Security Management System in place. This short 
overview reflects that Atlantic LNG has been engineered, constructed and operated with disaster Preparedness and 
Management as an integral component of our operation philosophy. 

Keywords: Disaster preparedness, mitigation, response, recovery, security, Atlantic LNG 
 

 
22. Future Radical Changes in Mapped Earthquake Hazard Potential in the 

Anglophone States of the Caribbean 
Lloyd L. Lynch and Walter Salazar 

Seismic Research Centre, The University of the West Indies, Trinidad and Tobago 
 
Abstract: It has been repeatedly observed that the expected peak ground motions as predicted by probabilistic seismic hazard 
maps were exceeded in several damaging earthquakes that occurred over the last twenty years. In some instances the observed 
motions doubled the expected values. These observations have been more pronounced in earthquakes produced by the 
rupturing of near surface faults as in Haiti and also in instances where the maximum magnitude in a particular earthquake 
province was underestimated. Seismic hazard maps prepared for the regions encompassing the Anglophone States of the 
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Caribbean have traditionally been based on probabilistic assessments with low degree of confidence attributed to the hazard 
contributed by known geological faults. Maximum magnitudes in parts of the region were also based on theory that has been 
under scrutiny since the M9.1 Surnatran Earthquake. Crustal strain investigations using Global Positioning Systems is gaining 
ground in the Caribbean region and is providing a basis upon which the hazard posed by regional faults can be expressed with 
greater confidence. If these factors are taken into consideration, the mapped hazard potential in several parts of the region will 
increase. This presentation explores the implications that these developments will have on earthquake hazard assessment in the 
Caribbean. It highlights the urgent need for the framing of policies to treat with challenges that future editions of hazard maps 
will expose. 

Keywords: Earthquake, seismic hazard maps, hazard assessment, Caribbean 

 

 
23. Blast Assessment of Structures in Oil and Gas Facilities 

Dr. Ali Sari 
Chief Consultant, Atkins Oil & Gas 

 
Abstract: This paper provides an overview assessment of building hazards in petroleum and chemical facilities. A brief 
overview of explosion hazards is also provided. Then, the paper focuses on Release Scenario and Explosion Modelling, 
Building Screening Analysis, Detailed Building Structural Analysis, Building Upgrade Conceptual Structural Design, and 
Building Upgrade Final Design. Methodology description for blast assessment of industrial structure is described in this study. 
Few examples pertaining to blast engineering from recent projects applied on different type of industrial structures is also 
covered. 

Keywords: Blast assessment, industrial structures, hazards, oil and gas, facilities 

 

 
24. A Review of Groundwater Contamination, Implications for Future Catastrophes 

and Engineering Measures for Mitigation 
Eng. Kenya A. Rolle, Eng. Ricardo L. Bonaby, Eng. Francis S. Clark 

Caribbean Civil Group Ltd., Professional Consulting Engineers 
 
Abstract: Ground water is a vital source of potable water. In the Bahamas, the ground water table is on average, 5 feet below 
the surface throughout the islands. As such, ground water is highly susceptible to contamination due to surface runoff, 
percolation and infiltration. Many sources contribute to the deterioration of the ground water resource. Areas populated by 
shanty towns, back yard mechanics and car wash facilities are the major sources of run off contamination throughout the city of 
New Providence, particularly in highly urbanised areas. In many cases the shanty towns have no formal septic or waste 
disposal systems, consequently this permits raw sewage to percolate through the soil systems, into the aquifer contaminating 
groundwater reserves. Similarly back yard mechanics and car wash facilities allow mechanical and automotive fluids to runoff 
and in most cases, there are no buffers to either prevent or remediate contaminants before it is infiltrated into the soil system. 
Shanty town residences have limited access to public utilities, many residents use groundwater as the main source of potable 
water. In addition, in some areas outside of the shanty towns, residents also use groundwater as a source of potable water. As 
the ground water resource becomes contaminated, some parts of the Bahamas will undergo a major social, economic and 
health catastrophe. For the country as a whole, there will be a greater demand for water distributed by the city. The cost of 
water supply may rise and for the common resident, paying for water may become an economic burden. Illnesses stemming 
from the pollutants may result in the need for increased medical services, higher death rates, possible panic and heightened 
cultural tension between local residents and shanty town residents who are predominantly immigrants from Haiti. Policies that 
guard against contamination of the natural resources for the protection of life will need to be introduced. There will be a need 
for awareness and for citizens to actively participate in reducing contaminant loading by means of land use changes. 
Remediation of contamination can also put the country in financial straits, resulting in the government having to neglect other 
vital sectors. In an effort to mitigate the foreseen circumstances this review also looks at preventative, remediation and 
predictive methods. 

Keywords: Engineering measures, mitigation, groundwater contamination, Bahamas 
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