
CHAPTER 2. 

COASTAL DEVELOPMENT AND IMPACT ASSESSMENT 

In mos t cases , th e full use of coastal zon e resource s 
requires som e for m of infrastructural development . Fo r 
example, th e enjoyment of a bathing beach by tourists may 
be enhanced by construction of breakwaters or by provision 
of adjacen t accommodatio n an d refreshmen t outlets ; a 
fishing villag e benefits from calm moorings an d storag e 
facilities; an d commercia l shipping depends on adequat e 
docking space , dredge d channels and navigation markers . 
Increasing developmen t of the coast requires expansion of 
these structures by modification of coastal environments , 
as wit h th e fillin g o f mangrov e wetland s fo r doc k 
expansion and a race track in St. Thoma s (Towle , 1985) or 
river diversio n durin g industrial development i n Poin t 
Lisas, Trinidad (McShine-Mutunhu , 1985) . 

Problems aris e i n man y of thes e situation s whe n th e 
structure an d dynami c feature s o f poorl y understoo d 
coastal system s are altered. Negativ e impacts of islan d 
coastal developmen t project s hav e bee n reporte d b y 
numerous authors, an d include: cora l reef damage through 
sand extractio n fo r th e constructio n industr y i n 
Moorea, Frenc h Polynesi a (Salvat , 1980) , wit h simila r 
activities threatenin g reefs in Guam , Ponape , Ya p an d 
other Pacifi c islands (Wells , 1984 ) ; beac h erosion an d 
reduction i n habita t diversit y i n Barbado s (Cambers , 
1985); an d los s of a phosphorescent bay through wetlan d 
reclamation at Falmouth, Jamaica (Bacon , 1987a) . 

It mus t b e remembered , however , tha t th e natura l 
environment is extremely resilient; the Caribbean islands, 
for example , hav e been subjected frequently to  marke d 
human impac t fo r ove r 3 00 years but remai n relativel y 
healthy an d productive (Bacon , 1985) . Fo r eac h islan d 
there ar e man y example s o f successfu l developmen t 
projects, whic h suggest that island coastal areas can b e 
modified withou t causin g damag e o r deterioratio n o f 
resource values . Th e coasta l zone manager needs t o b e 
aware o f th e opportunitie s an d limitation s fo r 
manipulating coastal ecosystem components. I t is possible 
then to  understand the impacts of existin g development s 
and to  preven t negative impacts resulting from propose d 
projects (se e Bryden, 1975 & Lewsey, 1987) . 

This sectio n deals with development impact assessment b y 
examining touris m development , whic h i s o f primar y 
importance i n the economy of many tropical island states. 
The principle s and techniques developed i n thi s contex t 
can b e applie d to coasta l residential, industria l an d 
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can b e applie d to coasta l residential, industria l an d 
fisheries developments. 

In mos t tropica l island s tourism i s centere d o n th e 
beaches. Stabl e deposits of clean sand and adjacent calm, 
clear seawate r are favoured resources for this activity . 
It is important to maintain the quality of these resources 
in th e face of natural changes and increasing development 
of coasta l areas . Resor t area s normall y requir e 
infrastructure for marina and boating activities; an d the 
necessary piers, breakwater s and groynes may be extensive 
where sailin g i s importan t o r cruis e shi p stopover s 
frequent. Man-mad e structure s in the marine environmen t 
must b e constructe d an d locate d carefull y t o avoi d 
problems o f erosion , stagnation , wav e damage , o r 
interference with coastal current movements. 

With increasin g use of any coastal area by resident s o r 
visitors, wast e disposa l into the sea becomes a critical 
issue, a s doe s disposal of effluent s when recreationa l 
beaches ar e adjacent to industrial areas. Ther e must b e 
continued monitorin g of water quality to ensure that th e 
coastal seawater remains safe for human use. 
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Exercise 2. 1 ASSESSIN G BEAC H CHARACTER AN D STABILIT Y 

Background: 

The liabilit y o f a coast to erosion and its response t o 
varying input s depend on a number of factors , th e mor e 
important of which are listed below: 

(a) Exposure. The exposure to wave attack, th e protection 
by offshore reefs and headlands, an d the form of th e 
coastline in plan are all contributory factors. 

(b) Coastal type. Thes e are low coast s wit h or withou t 
dunes, rock y coasts, coasts with cliffs, all of which 
will behave differently. 

(c) Littoral drift. The direction of littoral drift , an d 
the amoun t o f drift into and out of the stretc h o f 
beach are important. 

(d) Human interference . Th e character of a beach can b e 
completely changed by human interference with littoral 
processes. Amon g the worst forms of interference ar e 
beach sand mining, mining of coral reefs, and building 
in the active beach zone. 

In additio n to the character of a beach, i t is important 
to determine its stability. Differen t kinds of stabilit y 
may b e recognized at any particular location. Th e majo r 
types are: 

(a) Long-term stability . This is where major changes ar e 
brought abou t onl y by the largest infrequen t stor m 
waves. 

(b) Seasonal stability . This is where the beac h profil e 
may var y cyclicall y through the year on accoun t o f 
seasonal changes in the wave climate. 

(c) Stability ove r a tidal cycle. Appreciabl e variatio n 
over a  luna r tida l cycle may be observe d a t man y 
beaches. 

Aims: 

(a) To mak e an assessment of the character of a selecte d 
beach. 

(b) To mak e an assessment of the long-term stabilit y o f 
the beach. 

(c) To mak e a n assessmen t of th e seasona l an d tida l 
stability of the beach. 
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Duration: 

A minimu m of one day in the field, an d three days in the 
drawing office and laboratory. 

Suitable Location: 

Any beac h that is accessible (i.e . no t more than one t o 
two hour s driv e awa y from the laborator y an d drawin g 
office). I t is preferable that the beach has well-defined 
headlands, an d tha t the phenomena to be studied are no t 
too complicated . A  beach located on the leeward side o f 
the island is preferable, a s the seasonal variations ar e 
better demonstrated. 

Materials Required: 

Topographic maps , hydrographi c charts, geologica l maps, 
soil maps, aerial photographs of region under study. Where 
possible, map s an d photographs made over severa l year s 
should be examined, particularly the photographs. 

Data sheet s fo r wav e directio n and perio d an d stor m 
frequency. 
Binocular microscope, oven , se t of sieves (U.S . Standard 
3/4 inc h to No. 2  00; o r British Standard 2 0 mm to 0.00 2 
mm) . 
Surface floats and drogues. 
Sample bags. 
Level and levelling staves, 50 m tape. 
A small boat with outboard motor at the site. 

Instructions: 

Drawing office methods 

1. Revie w map s and materials provided on the beach site, 
and prepare a short note on the physical setting i.e . 
location, latitude , longitude, which coast, backbeach 
vegetation, headlands , orientation , degre e o f 
protection. ( 1 hour) 

2. Us e th e optical equipment to convert maps t o commo n 
scale (se e Ex. 3. 1 ) . The n make comparisons of long-
term erosio n rate by plotting the extent of the beach 
in different years on a common map. I f several aerial 
photographs are available for any one year , seasona l 
change i n beach profile may be assessed, a s well a s 
long-term changes. (2 hours) 

3. Prepar e refractio n diagrams from aeria l photograph s 
(Appendix 3). Estimat e the wave periods from the wave 
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lengths shown on the photographs and depths taken from 
the hydrographic chart; o r consult the data sheet. (1 
hour) 

4. Prepar e refractio n diagrams for extreme wave attack , 
using th e hydrographi c chart , an d dat a shee t o n 
hurricane waves and movement. ( 2 hours) 

Field methods 

5. Mak e two  profiles on visit to the beach at lo w tid e 
and hig h tide. Obtai n estimate s o f breake r type , 
i.e. spilling , plungin g or surging ; height , an d 
period at low and high tide (se e Appendix 3). 

6. Tak e sample s o f sand at mid-tide level at th e sam e 
location as the profiles. 

7. Measur e longshor e curren t by means o f drogue s an d 
surface floats . Thi s should be done just seaward o f 
the breake r line. I f the breakers are high, drogue s 
should be used, whil e surface floats are adequate i n 
areas of mild breakers. 

8. Examin e th e headlands to determine the type of rock , 
and stat e of erosion, i.e . estimat e whether sand is 
moving pas t th e headlands , an d i f so , i n wha t 
direction. 

9. Tak e photograph s at high and low tide of all salien t 
features. 

10. During the visit to the beach, intervie w users of the 
beach such as fishermen, bather s or surfers. Tr y and 
obtain dat a o n the condition of the sea a t variou s 
times of the year using the present state as the base, 
i.e. an y severe storms, the extent of removal of sand 
by trucks, use of beach by turtles, etc.. 

Laboratory methods 

11. On retur n t o base , carr y out siev e analysi s an d 
examine the samples under the binocular microscope to 
determine compositio n an d roundness. Determin e th e 
Folk &  War d classifications, classif y the san d a s 
mineral, shell , cora l o r algal, an d determine th e 
likely source of the sand, (se e the case study below). 
(2 hours) 

12. Prepare the profiles. ( 1 hour) 
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13. Discuss the results. ( 1 hour) 

14. Prepare a report on the results of the investigations. 
(3 hours) 

Product: 

The resul t expected from this exercise should be simila r 
to th e followin g Cas e Study . Th e informatio n whic h 
follows i s base d on an actual example , althoug h mino r 
changes have been made in some of the details. 

Physical Setting 

Dickinson Ba y i s locate d on th e north-wes t coas t o f 
Antigua (Figur e 2.1 ) at approximately 17 ° 9' N latitud e 
and 61 51 ' W longitude. The beach, which is oriented in a 
north-east to south-west direction, is approximately 1,50 0 
m long . Th e predominant geological formation alon g th e 
northern part of this coast is the Antigua limestone which 
rises t o elevation s of between 60 m and 100 m above se a 
level. Thi s formation outcrops at Wetherell Point, whic h 
is a prominent headland forming the northern extremity o f 
the beach . Th e southern extremity of the beach is formed 
by the prominent headland called Corbizon Point, whic h is 
composed of an isolated outcrop of gravel cherts, locall y 
known as the Corbizon chert beds. 

The most prominent feature of the southern section of th e 
coast i s a  large salina. Th e northern section o f thi s 
wetland i s separate d fro m the sea by a strip o f beac h 
varying in width from 150 m to less than 30 m. 

H.O. Char t 2064 (se e Figure 2.1) shows that this sectio n 
of coas t i s protecte d fro m th e ful l forc e o f th e 
predominant wave s b y the outer reef (Sal t Fis h Tail) . 
Further protectio n is afforded to Dickinson Bay by a line 
of reef s runnin g fro m Wetherel l Poin t du e wes t an d 
terminating i n offshore islands (Littl e Sister and Grea t 
Sister) (se e Figure 2.2). 

Historic Erosion Pattern 

Figure 2.3 . show s comparison s o f th e 194 2 an d 196 9 
coastlines, a s obtaine d fro m aeria l photographs . Th e 
original scale of the aerial photography was approximately 
1:20,000. Thi s scal e wa s too  smal l fo r accurat e 
measurement of erosion. However , it is estimated that the 
erosion i n Dickinson Bay close to Corbizon Point betwee n 
1942 and 1968 was 30 m to 40 m. 
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FIGURE 2. 1 OFFSHOR E CONDI T IONS - N.W. ANTIGU A 
(source: H  O Chart 2064 ) 

"Crown Copyright. Reproduced from Admiralty Chart 2064 with the permission 
of the Controller of Her Majesty's Stationary Office." 
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Refraction Diagrams 

Aerial photograp h 99-AT.1-009, flow n on 1st March 1968 , 
shows ver y short-crested waves, wit h length 10m t o 20 m 
travelling from a north-easterly direction in Boon Channel 
opposite Dickinso n Bay - the depth of water was 10 m  t o 
15m. Longe r wave s o f 60 m average length were measure d 
approaching the coast from a north-westerly direction. The 
average depth of water in which these waves were observed, 
as given by Figure 2.1 was 3 m. 

The refraction diagram is shown in Figure 2.4. 

Hurricane Wave Attack 

Data o n deepwater wave conditions , includin g hurrican e 
attack i s given in Table 2.1. Hurricane s pass Antigua , 
travelling i n a  westerl y to north-westerl y direction . 
Dickinson Bay is protected from waves travelling from al l 
directions excep t betwee n north-wes t an d west ; th e 
direction of hurricane attack is from the west-north-west, 
therefore, productio n o f a  refraction diagram wa s no t 
necessary. 
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Table 2•1 Deepwate r Wave Statistics 

Frequency 
Occurrence 
Exceeded 

H 

50 % 
10 % 
1 % 

Once/annum 
Once/10 yrs 

Direction of 
Approach 

Trade Wind 
waves 

1/3(m) 

3.3 
4.6 
7.0 
8.5 
9.0 

050° 

(sec) 

7-10 
7-10 
7-10 
7-10 
7-10 

- 130° 

Northern 
swell 

Hl/3(m) 

1.5 
3.6 
9.0 

330 

T (sec) 

14-
16-
20-

0 

-16 
-20 
-25 

030 

Hurr 

Hl/3( 

1. 
3, 

10. 

0 

icane 
waves 

(m) 

5 
0 
,0 

(sec) 

6-8 
6-8 
7-10 

variable 

Results o f Fiel d Visi t an d Laborator y Tests 

Sections were taken at two locations, numbere d 1 and 2 on 
Figure 2.2 . Thes e sections are shown on Figures 2.5 an d 
2.6. Sample s of sand were taken at mid-tide level at th e 
same locations as the profiles. Thes e samples were washed 
and dried in an oven, an d then sieved. The results of the 
particle analysi s are given in Tables 2.2 and 2.3, whil e 
these result s ar e plotted on semi-logarithmic pape r o n 
Figures 2. 7 an d 2.8. Smal l portions of th e san d wer e 
examined unde r the binocular microscope and observation s 
made o f typ e of material present, an d the shape of th e 
particles. 

50 



F
IG

U
R

E
 2

.
5 

P
R

O
F

IL
E

S
 A

T
 S

E
C

T
IO

N
 1

 (
s

e
e 

F
i

g
 2

.
2 

fo
r 

lo
c

a
ti

o
n

)
. 

51 



F
IG

U
R

E
 2

.
6 

P
R

O
F

IL
E

S
 A

T
 S

E
C

T
IO

N
 2

. 
(s

e
e 

F
ig

u
r

e 
2

 2
 f

o
r 

lo
c

a
ti

o
n

) 

52 



Table 2. 2 Siev e Analysis - Data &  Computation  Shee t 
(Sample l) 

Date: 9/12/8 6 
Sample No. 2 Locatio n of Beach: Dickinson 

Bay 

Sample Location: Mid-tide Weigh t of Sample: 93.49 q 

Prepared by: 

Sieve openings Siev e Weigh t of sand Percen t Cumulativ e 
Inches m m mes h retaine d (g ) retaine d percen t 

finer 

2.00 
1.50 
0.750 
0.375 
0.187 
0.094 
0.047 
0.024 
0.017 
0.012 
0.008 
0.006 
0.003 

9.530 
4.760 
2.400 
1.200 
0.600 
0.420 
0.300 
0.210 
0.150 
0.076 

7 
14 
25 
36 
52 
72 

100 
200 

0 
1 . 3 0 
3 . 3 4 

1 1 . 7 2 
3 5 . 7 8 
6 5 . 6 4 
9 3 . 4 6 

0 
1 . 2 0 
3 . 5 7 

1 2 . 5 4 
3 8 . 2 7 
7 0 . 2 5 
9 9 . 9 7 

1 0 0 . 0 0 
9 8 . 6 1 
9 6 . 4 3 
8 7 . 4 6 
6 1 . 7 3 
2 9 . 7 9 

0 . 0 3 
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Table 2. 3 Siev e Analysi s -  Data &  Computation  Shee t 
(Sample 2) 

Date: 9/12/8 6 
Sample No: 1 Locatio n of Beach: Dickinson 

Bay 

Sample Location: Mid-tid e Weigh t of Sample: 97.9 9 q 

Prepared by: 

Sieve openings Siev e Weigh t of sand Percen t Cumulativ e 
Inches m m mes h retaine d retaine d percen t 

finer 

2 . 0 0 
1 . 5 0 
0 . 7 5 0 
0 . 3 7 5 
0 . 1 8 7 
0 . 0 9 5 
0 . 0 4 7 
0 . 0 2 4 
0 . 0 1 7 
0 . 0 1 2 
0 . 0 0 8 
0 . 0 0 6 
0 . 0 0 3 

9 . 5 3 0 
4 . 7 6 0 
2 . 4 0 0 
1 . 2 0 0 
0 . 6 0 0 
0 . 4 2 0 
0 . 3 0 0 
0 . 2 1 0 
0 . 1 5 0 
0 . 0 7 6 

7 
14 
2 5 
3 6 
52 
7 2 

1 0 0 
2 0 0 

0 
2 . 1 6 

6 5 . 9 7 
7 6 . 2 1 
8 0 . 2 5 
8 4 . 9 5 
9 1 . 2 6 
9 7 . 9 7 

0 
2 . 2 0 

6 7 . 3 2 
7 7 . 7 7 
8 1 . 9 0 
8 6 . 6 9 
9 3 . 1 3 
9 9 . 9 8 

1 0 0 . 0 0 
9 7 . 8 0 
3 2 . 6 8 
2 2 . 2 3 
1 8 . 1 0 
1 3 . 3 1 

6 . 8 7 
0 . 0 2 

The typ e o f breake r was observed an d estimate s o f th e 
breaker height were made. The breaker period was obtained by 
timing the passage of 10 breaker crests, usin g a watch. The 
results of the breaker observations are given in Table 2.4. 
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Table 2.4 Breake r Observations 

Date: 9/12/8 6 
Beach: Dickinson Bay Observer: 

Location Time Height 
(m) 

Period 
(sec) 

Type Comments 

Section 
Section 
Section 
Section 

1 
1 
2 
2 

09.30 
13.30 
09.45 
13.45 

0.20 
0.15 
0.10 
0.10 

5.5 
4.5 
2.0 
2.5 

Spilling 
Spilling 
Spilling 
Spilling 

High tide 
Low tide 
High tide 
Low tide 

Surface currents were measured by releasing drift bottle s 
just beyon d th e breaker line and measuring the time fo r 
the drift bottles to travel 10 m. The distance of 10 m was 
determined afte r makin g preliminar y measurement s to 
observe th e speed and direction of the littoral current . 
The results of these measurements are given in Table 2.5. 

Table 2.5 Littora l Current Observations 

Location Tim e Current Speed 
(m/s) 

Current 
direction 

Comments 

Section 1 10.3 0 
Section 1 14.4 5 
Section 2 10.0 0 
Section 2 14.1 5 

0.01 
0.01 
0.05 
0.03 

190 
190 
210 
210 

High tide 
Low tide 
High tide 
Low tide 

The headlands were examined; Wetherel l Point showed ver y 
little sign of recent erosion; however , erosio n was very 
evident at Corbizon Point. There was no evidence of recent 
littoral drif t i n either direction past Corbizon Point ; 
but ther e were signs of sand entering Dickinson Bay pas t 
Wetherell Point. 
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Interviews wit h fisherme n an d other s reveale d th e 
following: 

(a) Around December or March the beach is affected b y 
"groundswell". Ther e were conflicting reports as 
to the time of occurrence of this "groundswell". 

(b) Sometime in the past (th e sixties ?) attempts were 
made t o dredg e an opening to the salina . San d 
dredged from the opening was sold for construction 
purposes. Th e openin g to  the "salt pond " kep t 
closing, an d repeated attempts were made to ope n 
it, until eventually the scheme was abandoned. 

(c) It wa s suggested that the beach close to Corbizon 
Point varie d significantl y i n width , bu t n o 
definitive information on the times of greatest or 
smallest width could be obtained. 

The se a bed in Dickinson Bay, betwee n the beach and th e 
closer cora l reefs, wa s covered with seagrasses and se a 
weeds. Th e dominan t marin e plants were th e seagrasse s 
Thalassia testudinum and Cymodocea filiforme, with upright 
and crustos e algae, particularl y Halimeda spp . growin g 
among them. 

Interpretation 

Exposure: Dickinso n Bay is a very protected beach, bein g 
located on the north-west coast, awa y from the full force 
of trade wind waves. Th e coast is protected further fro m 
the effect s of northern swell and the occasional passin g 
hurricane b y the extensive reef system. Fo r the majority 
of th e tim e th e coast is exposed only t o ver y gentl e 
locally-generated waves. During the rare periods of attack 
by hurricane waves or northern swell, wave s approach th e 
coast onl y nea r Corbizo n Point from direction s aroun d 
west-north-west. 

Coastal type: Dickinson Bay is a low coast without dunes. 

Source of beach sand: Examinatio n of the samples of beach 
sand reveale d tha t they both originate d fro m offshor e 
sources, bein g comprise d o f algal , cora l an d shel l 
fragments (se e Table 2.6). Th e sample at Section 2 in the 
middle o f the bay consisted of very well-sorted fin e sand 
(G = 0.09 mm) with a median diameter of 0.19 mm ; wherea s 
the sampl e at Section 1 consisted of a less sorted medium 
sand wit h a  median diameter of 0.71 mm. Sectio n 1  wa s 
located clos e t o th e direction from whic h heav y wav e 
action fro m hurricanes and northern swell approaches th e 
bay. 
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Table 2.6 Sedimen t Characteristics - Dickinson Bay 

Sample 
No. 

1 

2 

Location 

Close to 
Corbizon 
Point 

Near 
Halcyon 
Cove 

Colour 

White 

White 

Folk 
Md 
(mm) 

0.71 

0.19 

& Ward 
Mz 
(mm) 

0.66 

0.19 

Characteristics 
E St 1 K g 
(mm) 

0.35 2.6 1 0.9 4 

0.09 2.7 4 1.1 4 

Grain 
Shape & 
Composi-
tion 

Fresh, 
sharp 
fragments 
of marine 
shells & 
Halimeda 
platelets. 

Mainly 
fresh, 
irregular 
Halimeda 
fragments, 
with shell 
fragments. 

It is concluded, therefore , that the major source of sand 
supply t o th e beach is onshore transport of products o f 
the breakdow n of the inshore reef - these material s ar e 
transported onshore close to Corbizon Point. Other sources 
of san d suppl y are littoral drift past Wetherell Point , 
and onshor e transport of algal and shell fragments alon g 
the entire length of the beach. 

Littoral drift : Figur e 2. 4 an d th e littora l curren t 
measurements (Tabl e 2.5) suggest that littoral drif t i s 
southward for most of the time. However, the southern part 
of th e beac h ca n experience reversal o f drif t durin g 
periods o f attac k by hurricane waves or northern swell . 
The amoun t of littoral material moved northwards at suc h 
times ma y be very much greater than the normal transpor t 
rates experienced. 

Long-term stability : Th e beac h at Dickinson Ba y i s a 
barrier beach, whic h is an accumulation feature. The sand 
samples bot h sho w ver y high values of skewnes s (Tabl e 
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2.1), whic h are typical of areas experiencing high rate s 
of deposition . Thre e source s of sand supply hav e bee n 
identified, but no sinks for loss of sand have been found. 
Hence, ove r th e long-ter m th e beac h i s expecte d t o 
accrete. 

Table 2.7 Determinatio n of Folk & Ward Characteristic s 

Location: Dickinson Bay Prepare d by: 

Characteristic Sample Sampl e 
1 2 

ø 5  (mm ) 
ø 1 6 (mm ) 
ø 2 5 (mm ) 
ø 5 0 (mm ) 
ø 7 5 (mm ) 
ø 8 4 (mm ) 
ø 9 5 (mm ) 
Median(md)(mm) 

Mean, 2.(mm) 

Std.deviation 
mm 

Skewness SK1 
Kurtosis Kg 

0.130 
0.25 
0.49 
0.71 
0.94 
1.02 
1.16 
0.71 

0.66 

0.35 

2.61 
0.94 

0.085 
0.11 
0.14 
0.19 
0.25 
0.28 
0.39 
0.19 

0.19 

0.09 

2.74 
1.14 

Seasonal stability : Ther e ar e no measurements of beac h 
profiles ove r different seasons. However , th e norther n 
part of the beach is very protected, an d is not expecte d 
to experienc e muc h variation in wave climate during th e 
year. O n the other hand, th e southern half will probably 
experience significan t variation in wave climat e durin g 
the year, an d from year to year. Consequently , onl y the 
southern hal f o f th e beach is expecte d t o experienc e 
seasonal variations in beach profile. 

Tidal stability : Th e section s a t Figures 2.5 an d 2. 6 
suggest that significant tidal variation in beach profil e 
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should not be expected at this beach. 

Human interference: The erosion shown on Figure 2.3 at the 
southern sectio n of the beach has been caused most likely 
by human interference. It is possible that the erosion was 
caused by efforts to dredge an opening to the salina. 

Further Reading 

Bascom, W . 

Cintron, G . 

Deane, C. 

Edmunds, H. A. 

Folk, R.L. & 

King, C.A.M . 

1980. Waves and Beaches. Anchor Books, New 
York; 366 pages. 

1981. Environmenta l Impac t o f San d 
Extraction Activitie s o n th e Insula r 
Shelf. Departmen t o f Natural Resources, 
Puerto Rico; 27 pages. 

1987. Coasta l erosio n and accretion in 
the Caribbea n Lesse r Antilles . 
Commonwealthg Scienc e Counci l Technica l 
Publication, 227; 138 - 147. 

1987. Coasta l proceses and erosion in St. 
Lucia. Commonwealt h Scienc e Counci l 
Technical Publication, 227; 22 - 30. 

Ward, W.C . 1957 . Brazo s River Bar , a 
study o f the significance of grai n siz e 
parameters. Journa l o f Sedimentar y 
Petrology, 27; 3 - 27. 

1972. Beaches and Coasts, 2nd Edit. Edward 
Arnold, London; 570 pages. 
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Exercise 2. 2 SITIN G COASTA L INFRASTRUCTUR E 

Background: 

Developers frequentl y mak e alteration s t o coastline s 
without sufficient consideration of the physical processes 
being experience d at the site. On e of the most frequen t 
forms o f change is brought about by the constructio n o f 
solid breakwater s t o provid e calm condition s fo r th e 
docking of boats. 

The majo r factor s to  be considered i n the design o f a 
breakwater ar e it s efficienc y i n providin g sheltere d 
conditions fo r docking , an d th e likelihoo d o f th e 
protected are a bein g silte d up b y littora l drift . A 
preliminary diffractio n analysis, combine d with the type 
of information on coastal processes collected fo r Exercise 
2.1, can provide guidelines on the probable effects of the 
construction of such structures, and on the suitability of 
the chosen site. 

Other commo n alterations of the coastline are cause d b y 
the constructio n of groynes and causeways, an d by smal l 
reclamations. Simila r studie s can provide guidelines for 
such constructions. 

Aim: 

(a) To stud y th e effect s o f a  rubbl e breakwater , 
constructed to  provid e a  saf e berthin g are a fo r 
pleasure boats, on wave action nearby. 

(b) To us e informatio n fro m (a ) above , alon g wit h 
information from Exercise 2.1, to predict the probable 
effects o f th e breakwater on sand movements i n th e 
coastal zone. 

Duration: 

Two to three hours. 

Suitable Location: 

Drawing offic e study , base d on the same field sit e a s 
Exercise 2.1. 

Materials Required: 

(a) Outputs from Exercise 2.1, i.e . hydrographi c charts, 
refraction diagram s fo r norma l an d extrem e wav e 
action, an d informatio n o n littora l drif t an d 
longshore currents. 

(b) Drawing instruments. 
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Instructions: 

1. Selec t a site for the breakwater, base d on the depths 
of wate r an d th e draught of the vessels whic h ar e 
expected to use the facility. 

2• Calculat e the wave lengths for at least two conditions 
of attack. 

3. Determin e the polar coordinates of appropriate points, 
and us e the diffraction diagram which corresponds t o 
the direction s o f wav e attac k t o determin e th e 
diffraction coefficient . Hence , obtai n the reduce d 
wave heights for the chosen points. 

4. Fro m th e informatio n obtained , mak e preliminar y 
predictions of the effects of the structure on erosion 
and accretion of the beach. 

Product: 

The exercise should produce material similar to that which 
follows. 

Nature of the alteration 

It i s proposed to construct a breakwater in Dickinson Bay 
(see Exercis e 2.1 ) to provide safe berthing fo r yacht s 
drawing u p t o 2. 0 m  of water . I n orde r t o satisf y 
navigation requirements, th e breakwater should extend t o 
3.0 m of water. Th e location of the breakwater, show n on 
Figure 2.9, wa s determined from the underwater contours -
it ca n be seen that any major change in its location will 
result i n significan t increas e in th e lengt h o f th e 
structure. Th e directio n of attack by trade wind waves , 
and by northern swell, is shown on the figure. 

Calculation of wave lengths 

Trade wind waves Northern swell 
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From tables 

d/Lo = 0.2359 d/L o = 0.03722 

and L = 12.7 m L  = 80.6 m 

The templates 

By measurement , th e angle of approach for the trade wind 
waves (i.e . th e angl e betwee n the directio n o f wav e 
approach and the imaginary continuation of the impermeable 
breakwater) i s 150 -  see Figure 2.9 . Th e appropriat e 
template i s Wave Diffraction Diagram - 150 Wav e angle , 
as shown in CERC (1973 ) Figure 2-37 on page 2-93. 

Similarly, th e appropriate template for use with swell is 
Wave Diffractio n Diagra m - 45 Wav e angle as show n o n 
Figure 2-30 on page 2 -85 of the above reference. 

It i s required to determine the reduced wave height along 
the pier at 50 m, an d 100 m from the shoreline for trad e 
wind waves of 1 m height and 3 sec period. 

Fifty metre s alon g th e pier corresponds to  th e pola r 
coordinates: 

60° , and 90 m or 90/12.7 = 7.1 L. 

From Figure 2-37, diffraction Coefficient = 0.075 

Therefore, reduced wave height = 0.075 m. 

One hundred metres along the pier corresponds to the polar 
coordinates: 

42° , and 50 m or 50/12.7 = 3.9 L. 

From Figure 2-37, Diffraction Coefficient = 0.0095 

Therefore, reduced wave height = 0.010 m 

The use of the template is illustrated i n Figure 2.10. 

In order to determine:-

(a) the sectio n alon g the coast north of the breakwate r 
where th e swel l heigh t is the same a s befor e th e 
construction. 

(b) The swel l heigh t an d directio n in 1  m  o f wate r 
opposite a  poin t o n th e beach 50 m nort h o f th e 
breakwater. 
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FIGURE 2. 9 LOCATIO N O F BREAKWATE R -  DICKINSO N BA Y 
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Use the following swell conditions at the breakwater tip: 

swell height = 0.5 m perio d = 15 s directio n = 290° 

The are a where swell heights are undisturbed relate s t o 
the are a wher e the diffraction coefficient is 1.0 . Th e 
area is shown on Figure 2.11. 

Polar coordinate s of the junction of the 1 m contour an d 
the section 50 m north of the breakwater are: 

15° , 120 m or 120/80 i.e. 1.5 L 

Using Figure 2-3 0 o n pag e 2 -85 of the above reference, 
the diffraction coefficient is 0.37. 

Interpretation 

(a) The breakwate r will provide very safe conditions fo r 
berthing for the majority of the year, whe n seas ar e 
dominated b y mil d trade-wind generated waves . Wav e 
heights o f less than 0.1 m in the protected are a t o 
the south can be expected at such times. 

(b) The berths are subject to attack by the full force o f 
northern swel l an d wave s generated by th e passin g 
hurricane. 

(c) The structur e wil l sto p th e southwar d littora l 
transport o f san d during periods of attack by trad e 
wind waves. 

(d) The cessation of southward transport of sand is likely 
to lea d to the build up of sand on the northern sid e 
of th e breakwater , an d erosio n o n it s souther n 
portion. 

(e) During period s o f swell and hurrican e attack , th e 
northward transpor t o f san d brough t onshor e wil l 
cease. 

(f) The cessatio n o f th e sporadi c transpor t o f san d 
northward wil l lead to sand build up on the souther n 
portion of the structure, an d erosion on the northern 
portion. Th e erosion is likely to be most severe over 
50 m closest to the breakwater. 
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Further Reading: 

CERC 1984 • Shor e Protection Manual, U.S . Army Coastal 
Engineering Researc h Center , Departmen t of th e 
Army, Corps of Engineers. 

Geoghegan, T. 1985 . Proceedings of the Caribbean Seminar 
on Environmenta l Impac t Assesment , Barbado s 
May/June 1985; 287 pages. 
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Exercise 2. 3 DISPOSIN G O F WASTES I N THE SE A 

Background: 

Discharge o f wastewater effluents into estuaries and seas 
is th e mos t commo n method for the disposa l o f liqui d 
wastes. Th e dilutio n o f the effluent in th e receivin g 
water an d th e actio n o f naturall y occurrin g aquati c 
organisms can complete the treatment started on land in a 
wastewater treatmen t plant. Estuarie s and coastal waters 
are used also to dissipate heat from once-through coolin g 
systems suc h a s larg e powe r stations , refineries , 
petrochemical plants , an d liquefie d natural ga s (LNG ) 
facilities. 

Wastewater i s subjecte d normall y to one or more of th e 
following processes:-

Primary treatment which removes coarse materials which may 
settle t o for m bottom deposits ; an d remove s floatin g 
materials such as debris, grease and oil. 

Secondary treatmen t whic h considerabl y reduce s th e 
concentration of substances imparting taste, odour, colour 
or turbidity to the water: and removes substances that are 
toxic o r harmful to humans, o r aquatic plant o r anima l 
life. 

Tertiary treatmen t whic h considerabl y reduce s th e 
concentration o f refractor y organi c materials , an d 
nutrients - usually nitrogen (N ) an d phosphorus (P). 

After treatment , th e natura l dispersion o f wastewate r 
effluents i n coasta l waters is achieved by dilution an d 
chemical diffusion. Th e waste is less dense than seawater 
and consequentl y wil l floa t o n th e surfac e unles s 
introduced at some depth. 

Initial Mixing : I f th e waste is introduced a s a  hig h 
velocity jet , momentu m entrainmen t will mix the volum e 
containing the wastes with the receiving waters , rapidl y 
diluting th e wastes . I f wastewater s ar e discharge d 
directly from the shore, th e degree of initial mixing i s 
almost nil, and subsequent dilution and overall dispersion 
occur ver y slowly , sinc e th e polluted fiel d stay s i n 
proximity to  the shore. To  achieve initial mixing it i s 
advisable therefor e t o discharg e effluent s a t som e 
distance fro m th e shore , an d at some depth belo w th e 
surface. Th e initial mixing terminates in the development 
of a more or less diluted, homogeneous field. 

Dilution an d Dispersion: Th e enlarged and diluted wast e 
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volume i s subjected to the complex physical processes o f 
dispersion an d movement . Pathogen s i n th e wate r ar e 
subject to die-off (se e Ex. 2.4). 

The rat e of dilution and dispersion is dependent o n th e 
velocity o f th e current s in the receivin g wate r (se e 
Sherwin & Deeming, 1980) . 

Aim: 

To investigate possible alternative locations for outfalls 
from a central sewage treatment plant. 

Duration: 

Two day s (on e day field work; on e day in th e drawin g 
office). 

Suitable Location: 

A suitabl e locatio n i s on e wher e ther e ar e nearb y 
recreational beache s and coral reefs . Preferabl y ther e 
should b e change s i n coastlin e orientation , s o tha t 
different current velocities may be experienced. 

Materials Required: 

Topographic maps , hydrographi c charts , an d aeria l 
photographs of region under study, 

Fullest availabl e informatio n o n currents in th e sea s 
around th e island. (Source s of information ar e Sailin g 
Directions, and Oceanographic Atlases) 

Suitable dye (Rhodamin e B, for example). 
Cameras. 
Fishing or other suitabl e small boat. 
Light aeroplane (se e Appendix 2). 

Instructions: 

1. Dat a o n current s shoul d b e extracte d fro m th e 
information sources presented. 

2. Flo w patterns around the island should then be drawn , 
using the methods of Appendix 4. 

3. Informatio n on tidal currents should be extracted fro m 
the sources given. 

4. Th e locatio n of important natural features, suc h a s 
reefs o r seagras s beds, shoul d be mapped fro m th e 
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aerial photographs, (se e Exercises 1.2 & 1.3). 

5. Selec t thre e (3) alternative locations for the sewe r 
outfall, an d estimate the probable length of outfal l 
needed for each case. 

6. A t eac h of the selected sites, ancho r a boat and let 
out a  steady stream of dye for fifteen (15) minutes . 
Dye shoul d b e released at each site on both fallin g 
and rising tide. 

7. Fro m the air, obtai n photographs of the dye dispersal 
pattern within half an hour of release. 

8. Prepar e a report on the result of the investigations. 

Product: 

The informatio n belo w i s based on a n actua l example , 
although changes have been made in some details. 

The Problem 

A majo r resor t complex is planned fo r th e westernmos t 
portion of the island of Tobago, a s shown on Figure 2.12, 
in a n attemp t to boost the tourism industry. Th e majo r 
reefs and wetlands of Tobago are located in this area, and 
are advertise d extensively for tourism promotion. I t i s 
necessary t o provide maximum protection to these natura l 
attractions, and, as a result, it was decided to construct 
a centra l sewage treatment plant with an outfall t o th e 
sea in an appropriate place. Th e sewage from the environs 
of the main town of Scarborough will be treated separately 
and discharged close to that town. 

The Natural Features 

The major natural features are shown on Figure 2.13, which 
was drawn from maps and aerial photographs. Three possible 
alternative location s for the sewer outfall are shown o n 
that figure. 

The Oceanic Currents 

The followin g informatio n on currents around Tobago wa s 
obtained:-

(a) H.O. Publicatio n 2 2 (1963 ) report s tha t "betwee n 
Tobago an d Barbado s the currents usually set north -
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westward at rates of 1 to 2 knots, bu t in May to July 
rates of 2 to 3 knots have been recorded". 

(b) The abov e publication reports also that "the velocity 
of the current between Tobago and Trinidad varies from 
2 to 4 knots", 

(c) Admiralty Hydrographi c Chart 505 (1969 ) reports tha t 
"the South Equatorial Current flows in a predominantly 
north-westerly direction. It s rate is generally up to 
about 3  knots , bu t on striking Tobag o i t divide s 
locally an d passes the north-eastern extremity of the 
island at a rate of 3 to 4 knots". 

The above information reveals that the currents around the 
island originate in the South Equatorial Current, and that 
because of the crowding of the streamlines as the curren t 
passes between Tobago and Trinidad high current velocities 
are experience d of f th e north-western ti p o f Tobago . 
Statistical dat a o n th e South Equatoria l Curren t as , 
extracted fro m H.O. Publ . No . 700 (1965 ) is presented in 
Table 2.8. 

Table 2.8 Ocea n Currents off Tobago 

Season 

Winter 
(Jan-March) 

Summer 
(July-Sept) 

Direction 

N - W 
W 

other 

N - W 
W 

other 

Occurrence 
% 

50 
30 
20 

50 
20 
30 

Average 
Knots 

Speed 

1. 
1. 
0. 
.3 
.2 
.8 1. 

0. 
0. 
.1 
.9 
.7 Source: U.S . Nav y Hydrographi c Offic e (1965 ) 

Oceanographic 
Atlas o f the North Atlantic Ocean, Sectio n 1 -
Tides and Currents. H.O. Publ. No. 7 00. 

Flow Patterns 

Patterns for westerly and north-westerly flo w of the ocean 
current ar e shown on Figures 2.14 and 2.15 respectively . 
Figure 2.1 4 shows that when the current is flowing i n a 
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westerly directio n a  small wake is formed off the nort h 
coast betwee n Plymouth and Crown Point. N o attemp t ha s 
been made to categorize the wake, bu t it is expected that 
water movemen t in it will be very low. Smal l eddies ar e 
expected t o brea k of f the main wake an d circulat e i n 
Little Courland, Stonehave n and Great Courland Bays. Th e 
net wate r movement s i n those bays due t o th e oceani c 
current is expected to be very low, therefore. 

Figure 2.15 shows that when the oceanic current flows in a 
north-westerly direction , point s of flow separation will 
form off Crown Point and the extreme north-western tip o f 
Tobago. I n thi s case the wake is larger. Th e net wate r 
movement du e t o the oceanic current in the bays o f th e 
north-western coast is again expected to be very low. 

Tidal Currents 

The followin g informatio n has been extracted fro m H.O . 
Publication 22: 

"The tidal currents in the vicinity of Tobago are variable 
and weak . Th e flood tidal currents accelerate the north-
westerly set s and the ebb tidal currents slightly retar d 
them,causing a  cessatio n for a short time. Th e se t i s 
usually north-westward at a considerable rate, however." 

"At th e west end of Tobago, th e south-east goin g tida l 
current, durin g it s strength , set s close around Crow n 
Point for about two hours just checking and diverting th e 
north-west going current. Near the coast during the rising 
tide a  slight eddy sets eastward into Great Courland bay, 
Stonehaven an d Little Courland Bays. Durin g the fallin g 
tide ther e i s a  set in th e opposit e directio n whic h 
sometimes attains a rate of 1 knot near Buccoo Reef." 

Results of the Field Tests 

The dy e wa s released on Monday 16t h March , 1987 . Th e 
predicted times and heights of the tide on that day were:-

Time 

0428 
1037 
1639 
2258 

Height(m) 

0.91 
0.26 
0.98 
0.24 

These value s wer e representativ e o f sprin g tid e 
conditions, as new moon was on the 15th March. 

78 



The pattern s of dye dispersal are shown on Figur e 2.16 , 
2.17 an d 2.18 , fo r sites 1,2 and 3 as shown o n Figur e 
2.13. 

Interpretation 

The theoretica l streamlines , draw n on Figures 2.14 an d 
2.15, suggest that there is very little net water movement 
at site s 2  an d 3 . Thes e were confirme d b y th e dy e 
dispersal studies, a s shown on Figure s 2.17 and 2.18. At 
site 3 , th e dye dispersal studies suggest that there i s 
current movement towards the shore at the rising tide. 

This information suggests that the siting of an outfall at 
either site s 2 or 3 should be done with extreme caution , 
as ther e appear s to be a possibility that th e effluen t 
will retur n to the shore and move towards the reef . O n 
the other hand, bot h theoretical streamlines and the dy e 
dispersal patter n shown on Figure 2.16 suggest that there 
will be significant dilution if the effluent is discharged 
around site 1. I t appears also that the effluent will b e 
swept away from the shore if discharged near this site. 

Further Reading 

Grace, R.A . 1978 . Marine Outfall Systems. Prentice-Hall 
Inc., New Jersey; 600 pages. 

UN/WHO 1982. Waste Discharg e int o th e Marin e 
Environment. Principle s an d Guidelines for th e 
Mediterranean Actio n Plan , Unite d Nation s 
Environmental Programme/World Health Organisation, 
Pergamon Press, Oxford; 422 pages. 

Ferguson-Wood, E.J . & Johannes, R.E. 1975 Tropical Marine 
ollution. Elsevier Publishing Co., Amsterdam; 188 
pages. 

* *  * 
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FIGURE 2.1 7 DY E PATTER N A T STATIO N 2 
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FIGURE 2.1 8 DY E PATTER N A T STATIO N 3 
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Exercise 2.4 MONITORIN G WATER QUALITY 

Background: 

As mentione d i n Exercise 2.3, discharg e o f wastewate r 
effluent into estuaries and seas is the most common method 
for th e disposa l of liquid wastes. Th e dilution of th e 
effluent i n th e receivin g wate r an d th e actio n o f 
naturally occurrin g aquati c organisms can complet e th e 
treatment started on land in a wastewater treatment plant. 

When domesti c and similar pollutants are discharged int o 
water, a  successio n of water quality changes take place. 
The wate r become s turbid, sunligh t is shut out o f th e 
depths, an d marine plants, which by photosynthesis remove 
carbon dioxid e from the water and release oxygen t o it , 
die off . Scavengin g organism s increase in number unti l 
they matc h the food supply. Th e intensity of their lif e 
activities is mirrored i n the intensity of the biochemical 
oxygen demand (BOD) . 

Suspended matter is carried by the water or removed to the 
bottom b y sedimentation. Botto m (benthic ) deposit s ar e 
laid dow n i n thicknesses varying from a thin carpe t t o 
heavy sludge banks. Decompositio n of the benthic deposits 
varies wit h th e dept h o f deposi t fro m aerobi c t o 
anaerobic. Pathogen s ar e emitted to receiving bodies o f 
water by municipal sewage discharge, discharge of sludges, 
discharge o f some industrial wastes and in animal wastes. 
Runoff water , especiall y fro m anima l husbandr y an d 
agricultural area s ma y als o contain anima l pathogen s 
(Ward, 1984) . 

The hazards to human health from bathing waters arise from 
direct ski n contact o r from the swallowing o f pollute d 
waters. I t i s therefor e important that coastal bathin g 
waters b e sufficiently fre e of pathogenic microbial lif e 
that water-born e infection s do not pos e a  significan t 
health risk to those who use them for recreation. There is 
agreement tha t th e mai n indicato r organism s fo r th e 
contamination of recreational water by human pathogens are 
the faecal coliform group of bacteria. 

Tests for faecal coliforms are also relatively simple, and 
the result s readily understood. Thei r interpretation i s 
aided b y environmenta l health standards establishe d b y 
various agencies. Fo r example, seawater is considered fit 
for recreationa l use when the faecal coliform coun t does 
not exceed 10 0 E . col i bacteri a pe r 100 ml in 80 % of 
samples (E.E.C. , 1976) . E . col i is the commonly used 
faecal indicator bacterium Escherichia coli. 

83 



Faecal colifor m counts can be conducted near beaches used 
for recreatio n o r fisheries activities to gai n insigh t 
into levels of contamination. Gradient s of concentratio n 
along coasta l transect s ca n be used t o locat e sewag e 
outfalls, so that appropriate steps can be taken to reduce 
health risks . Thi s exercis e is designed to demonstrat e 
simple laboratory procedures for obtaining information o n 
levels o f contamination by sewage. Assistanc e should b e 
sought fro m th e Governmen t Microbiolog y Unit , th e 
Government Chemist , o r biological laboratory of a loca l 
college for loan of apparatus or use of the laboratory fo r 
sample analysis . Thi s should be arranged well in advance 
of the exercise session. 

Aim: 

To test seawater quality at selected sites. 

Duration: 

Two half-day periods; samples incubated overnight. 

Suitable location: 

To obtain a range of samples, water should be collected as 
follows: 

(a) Near a known sewage outfall of a major town. 
(b) In th e same bay or lagoon far distant from the sewage 

outfall. 
(c) From a  recreationa l are a near human habitatio n o r 

hotels. 
(d) From a recreational area away from human habitation. 

Materials Required: 

Sterile container s 

Ice 

Labels 
1 pipette (1 0 ml capacity), 
Test tube s 

Test tube rack 
Durham fermentation tubes 

Cotton wool 

preferably 10 0 m l glas s 
bottles. Thre e replicat e 
samples should be taken a t 
each site. 
sufficient to keep sample s 
cool in the field. 

pipette ( 1 ml capacity) 
9 per sample: 3 large (2 2 x 
175 mm) 
6 medium (1 5 x  15 0 mm) 

9 pe r sample . I f no t 
available these can be made 
by cuttin g an d sealin g 
sections o f glass tubing 6 
x 50 mm in size. 

1 

84 



Cotton wool 
Centrifuge 
Incubator, or oven with thermostat. 
Lactose brot h -  Tw o solutions are required, 

Single Strengt h Mediu m 
(SSM) prepare d b y addin g 
3.0 g beef extract, 5. 0 g 
peptone, 5. 0 g  lactose to 
1000 m l distille d water ; 
stiring slowl y in a wate r 
bath and adjusting pH to be 
between 6. 8 -  7.0 afte r 
sterilization, according to 
methods o f th e America n 
Public Healt h Associatio n 
(1976); and Double Strength 
Medium (DSM) . Fo r eac h 
sample mak e u p 3 0 ml SS M 
and 60 ml DSM. 

Instructions: 

Field methods 

1. Wate r sample s can be collected using a boat or from a 
jetty or pier. 

2. Plac e th e un-stoppered sterile container jus t belo w 
the surface of the water and fill completely. 

3. Replac e the stopper and store on ice in the dark until 
it can be transferred to the laboratory. 

4. Observ e th e surroundings and note any visual or odour 
signs of pollution, an d record huma n activities fo r 
possible correlatio n wit h the sample results. 

Laboratory procedure 

5. I f the exercise is being carried out by a group, eac h 
member shoul d tak e responsibility fo r one sample o r 
sample site. 

6. Bacteriologica l analysis must be carried out within 4-
6 hours of collection. 

7. Fo r eac h sampl e site , se t u p the tes t tube s a s 
follows: 

Place 10ml lactose broth in each of 9 test tubes , a s 
shown in Figure 2.19. 
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FIGURE 2.1 9 LABORATOR Y SE T U P FO R BACTERIOLOGICA L 

ANALYSIS O F SE A WATE R 
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Invert a Durham fermentation tube in each test tube. Place 
the batc h of test tubes in a centrifuge and spin for 3- 5 
minutes t o remov e all air from the Durha m fermentatio n 
tubes and fill them with medium. 

8. Labe l th e first three (large ) test tubes 10ml , th e 
middle three 1. 0 ml, and the last three 0.1 ml, to 
indicate th e amount of sampl e water that will b e 
placed in each one. 

9. Shak e the water sample bottle thoroughly. 

10. Use th e 1 0 ml pipette to place 10ml of sample wate r 
into each of the first three tubes (DSM) . 

11. Use th e 1 ml pipette to place 1 ml of sampl e wate r 
into each of the middle three tubes (SSM) , an d 0.1 ml 
into each of the last three tubes (SSM) . 

12. Shake the test tubes gently to mix. 

13. Plug all test tubes with a cotton wool stopper. 

14. Place sampl e tube s in an incubator for 24 hour s a t 
35oC. 

15. Examine the tubes for positive or negative evidence of 
the presenc e o f coliform bacteria, a s indicated i n 
Figure 2.19. 

Interpretation and presentation of results 

Coliform bacteria ferment lactose to produce gas. I f 10 % 
or mor e ga s i s present in any one of th e nin e Durha m 
fermentation tubes after incubation for 24 hours, thi s is 
presumptive evidenc e o f the presence of coliforms . Ho w 
many coliforms are present can be estimated fro m the total 
number o f tubes showing positiv e results, usin g Tabl e 
2.9. Thi s give s an estimate of the Most Probable Numbe r 
(MPN) of coliforms in 100 ml of water, fro m which one can 
decide whethe r or not the water sample is pollute d wit h 
sewage. I n orde r t o do this, presen t your result s i n 
tabular forms, as shown in Table 2.10 below. 

Evidence of sewage pollution is so far "presumptive" . I n 
order to  confir m tha t the gas is produced b y colifor m 
bacteria further tests should be carried out. I f you ar e 
not satisfie d with the presumptive evidence derived fro m 
your preliminar y tes t consult with a microbiologist fo r 
further assistanc e or refer to the literature suggeste d 
below. Complet e confirmatory tests will require a minimum 
of 48 hours further work. 

87 



Table 2. 9 Colifor m Bacteri a MP N Determinatio n fro m a  Multipl e Tub e 

Test (Modifie d fro m Standar d Hetnod s o f America n Puoli c 

Health Association) . 

Water 

Qua 1ity 

Water 

satisfactory 

Water need s 

further 

testing 

Water un -

satisfactory 

No. o f T ubes si 

3 o f 1 0 

ml eac h 

0 

0 
0 
1 
1 
1 

1 
1 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 

3 

posi tive 

3 o f 1 

ml eac n 

0 

0 
1 
0 
0 
1 

1 
2 
0 
0 
1 
1 

2 
2 
0 
0 
0 
1 
1 

1 
2 
2 
2 

-lowing 

3 o f 0. 1 

ml eac n 

0 

1 
0 
0 
1 

0 

1 
0 
0 
1 
0 

1 
0 
1 
0 

1 
2 
0 
1 
2 
0 

\ 
2 

MPN 
Index 

per 

100 ni 

3 
3 
4 
7 
7 

11 
11 
9 
14 

15 
20 
21 
28 
23 
39 
64 

43 
75 
120 
93 
150 
210 

*3 v , : 

11 

lower 

<0.5 

<0.5 

<0.3 
: 

: 

3 
3 
1 

3 
3 
7 
4 
10 
4 
7 

15 
7 
14 

30 

15 
30 

35 

cnficencs 

mi ts 

uzoer 

9 

13 
20 

21 
23 

36 
36 
36 
37 
44 

89 
47 
150 
120 
130 
380 
210 

230 
380 
380 

440 
470 

ETC 

Example: I f ga s i s present i n the firs t thre e tubes , an d on e 

each o f th e middle thre e an d las t thre e tubes , th e tes t 

result i s 3-1-1. Thi s indicate s a  MPN o f 7 5 bacteri a 

per 10 0 ml, i.e . wate r qualit y i s unsatisfactory. (Th e 

MPN i s a  statistica l probabilit y figure , wit h 95 % 

probability o f bein g betwee n 1 4 -  230 bacteria) . 
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Table 2.1 0 Sampl e Data Table for Coastal Water Qualit y 
Analysis. 

Date: Observers : 

Location Observatio n Sampl e No Mea n Commen t * 
No. colou r odou r flotsa m 1 2  3  MP N S  F T U 

ETC, 

* Refe r to Table 2.9 

S =  satisfactor y water quality 
FT =  furthe r testing needed 
U =  unsatisfactor y water quality 

Product Expected 

1. Th e group's results shoul d be poole d on Tabl e 2.10, 
to indicat e whic h coastal sites are though t t o b e 
contaminated with sewage. 

2. Discus s th e result s and relate these to you r fiel d 
observations about possible sources of contamination. 

3. Discus s an d list possible future actions t o improv e 
water quality at the contaminated coastal sites. 
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Alternative Exercises: 

1. Survey of Beach Tar Deposits 

Petroleum hydrocarbon residues may be present in seawater, 
submarine sediment s and organisms, an d on beaches . Oi l 
slicks o r sheens reduce water quality for some form s o f 
coastal recreation, wherea s many aspects of oil pollution 
are les s easily noticed. On e serious nuisance factor i s 
the presenc e o f beach tar, whic h reaches island coast s 
from deliberat e or accidental spillage of oil largely o n 
the open ocean. 

Beach ta r deposit s ca n be estimated i n th e followin g 
manner: A  beac h is visited and all lumps of tar scoope d 
into a weighed container from a transect perpendicula r to 
the sea . Th e collectio n are a should be 2 m wid e an d 
stretch from the water's edge up to the beach vegetation . 
Replicate sample s should be taken at 30 m intervals along 
a beach, preferabl y sampling at low tide. The samples are 
returned to the laboratory, weighed , an d the weight fo r 
each transect recorded. A  mean weight per beach should be 
calculated. Windwar d an d leewar d beache s shoul d b e 
compared. 

The analysis should be concerned with (a ) the magnitude of 
the beach tar pollution, and (b ) its relative distribution 
in relation to the degree of beach use for recreation. 

The exercis e could be extended by calculatin g the cost s 
of a clean-up operation (se e also Knap et al., 1980). 

2. Survey of Beach Litter 

One commo n sourc e o f visua l pollutio n i n coasta l 
environments i s th e accumulation s o f man-mad e wast e 
materials a s litte r on beaches (Dixo n &  Dixon , 1981) . 
These includ e materials with high persistence (mor e tha n 
three years) such as plastics, bottles , rubber, aluminium 
cans; those with moderate persistence (on e to three years) 
such as cloth, iron , an d steel cans; and low persistence 
materials (les s than one year) such as paper , cardboar d 
and foo d wastes . Beac h litter originates from two mai n 
sources, tha t lef t o n the beach by visitor s an d tha t 
stranded after being washed in from the sea. 

The quantit y and origins of litter can be investigated by 
the following method: A t 20-30m intervals, dependin g o n 
length of the beach, all litter is collected int o labelled 
plastic bags from a transect perpendicular to the sea. The 
collection are a should be 1-2 m wide and extend from th e 
berm a t the high water mark to the back beach vegetation. 
Siung-Chang & Deane (1984 ) sampled Trinidad beaches afte r 
the weeken d whe n fres h supplie s o f visitor-deposite d 
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litter were present. The y considered that litter from the 
first tw o meters of the transect was stranded by the se a 
and that further back had been left by the visitors.In the 
laboratory, litte r fo r each beach should be sorted int o 
categories (eithe r by type of object; typ e of substance; 
or degree of persistence; or all three if time allows) and 
a weight obtained for each category. 

Relative amount s of litter on beaches can be compared i n 
several ways: 

(a) Windward an d leewar d shores , to  asses s relativ e 
importance of sea-borne items. 

(b) Litter quantity in relation to visitor use. 
(c) Beaches nea r town, fro m which garbage is derived via 

storm drains, compared with those at a distance. 

Further investigation s could identify products b y trad e 
label, e.g . drin k cans , an d sugges t strategie s fo r 
approaching the industries concerned. The costs of regular 
beach clean-up operations could be assessed also. 

3. Measurement of BOD and Temperature 

When domesti c and related pollutants are discharged int o 
coastal waters , a  succession of changes in water quality 
takes place. Th e water becomes turbid, sunligh t is shut 
out o f th e depths , an d gree n plants , whic h b y 
photosynthesis remov e carbo n dioxide from the water an d 
release oxyge n into it, di e off. Decompose r organism s 
increase in number until they match the food supply. Th e 
intensity o f thei r life activities is mirrore d i n th e 
intensity of the biochemical oxygen demand (BOD) . 

BOD test s ar e widel y used, a s they give a  ver y goo d 
indication o f th e condition of the receiving water , a s 
well a s th e progres s o f decompositio n o f organi c 
substances i n tha t water. Th e BOD test is in itself a 
functional test , predictin g the oxygen requirement s o f 
effluents. Th e tests are akso simple to perform. 

Thermal pollutio n i s of particular interest in tropica l 
countries, a s th e water temperature is already close t o 
the upper limit for sustained life. I n addition, there is 
not muc h o f a temperature gradient i n coasta l waters . 
Discharge o f larg e amount s of cooling water ca n lead , 
therefore, to "dead" water over large areas, temperature s 
are easy to measure with standard thermometers, and can be 
combined wit h the measurement of BOD to indicate coasta l 
water quality (se e also Agard, 1984) . 
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Exercise 2.5 PREPARIN G AN ENVIRONMENTAL IMPAC T 
ASSESSMENT OF A COASTAL DEVELOPMENT PROJEC T 

Background: 

Any developmen t projec t i n the coastal zon e must , o f 
necessity, alte r associated environments. I t will impact 
upon natura l ecosystem structure an d processes , socia l 
systems an d economic conditions. Th e objective of mos t 
developments i s to improve socioeconomic conditions in an 
area for a specific group of people; but the overall value 
of th e project would be reduced if , simultaneously , i t 
decreased livin g standards for any other local grou p o r 
caused adverse environmental perturbation. 

During th e plannin g phase it is impossibl e t o measur e 
accurately al l the consequences of a coastal development, 
but man y o f thes e can b e predicted . I f potentiall y 
adverse environmenta l impact s can b e identifie d earl y 
enough, they can be avoided by appropriate modification to 
project design, On e process by which impact of a project 
is determine d i s Environmental Impact Assessment (EIA) . 
The assessmen t is made in the context of socia l values , 
existing legislation , economi c an d institutiona l 
constraints. I t i s base d on a n Environmenta l Impac t 
Analysis, generall y carrie d ou t by specialists using a 
variety o f scientifi c and technical methods . Th e EI A 
resulting fro m th e E I Analysi s i s formulate d a s a n 
Environmental Impac t Statemen t (EIS ) and sen t t o th e 
planners to aid in decision-making. 

Ideally, EIA should be an integral part of project design, 
but frequentl y governmen t agencie s o r regulator y 
authorities ar e called upon to conduct an EIA afte r th e 
design ha s bee n completed by the developer. Whe n thi s 
happens, EI A may appear to be a hindrance to development, 
rather tha n bein g see n as a n ai d t o environmentall y 
compatible utilisation of resources. Originally , the term 
"environmental" wa s used in the sense of adverse effect s 
on natural ecosystems, plants or animals; the better usage 
includes th e whol e human environment with its economic s 
and social aspects such as health and general welfare. I n 
this sense, EI A must be seen as a valuable socioeconomi c 
and aestheti c benefit s to the nation. I t i s obvious , 
therefore, tha t EIA can be very complex as it attempts to 
predict a  wide range of effects in the short - and long -
term; i t ca n also take a considerable period of time and 
require a range of expertise. However , the principles of 
Environmental Impac t Assessmen t techniqu e ar e ver y 
straightforward, an d ca n b e illustrate d b y a  simpl e 
exercise and the case study below. Eac h of the stages of 
preparing a n impact statement can be extended and refined 
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if th e availabl e database is adequate or expertis e an d 
time ar e available for further research. Th e nature o f 
the EI A wil l depend on the complexity o f th e specifi c 
development project, bu t also its similarity to previous 
projects o n whic h EIA' s were conducted and fro m whic h 
information can be extrapolated. 

Aim: 

To pla n th e strateg y fo r a n Environmenta l Impac t 
Assessment of a minor coastal tourism development. 

Duration: 

One to two days 

Suitable Location: 

Drawing Office/Laboratory 

Materials Required: 

Plans and drawings of a proposed development in the target 
island. 
Maps and/o r chart s an d aeria l photograph s o f th e 
development area as it is at present. 
Background dat a file s (or Data Atlas i f available ) o n 
development are a an d associate d areas , containin g 
information on; 

- natural ecosystem 
- settlement patterns 
- present activities and land-use 
- economic conditions in area 
- list an d summar y detail s o f othe r planne d 
developments for the area under study 

- documents dealin g with national development plans 
and objectives 

- copies o f laws or regulations concerning us e o f 
the area's resources. 

Typing or word processing equipment. 

Instructions: 

1. Revie w availabl e dat a o n th e developmen t area . 
Identify ke y ecosystems and/or socioeconomic features 
which could be altered by development activities. 

2. Revie w th e developmen t plan s an d drawings , an d 
identify the key elements in the proposals, i.e . what 
aspects/actions in the development proposal need to be 
examined fo r possible effects on features identifie d 
above? 

94 



3. Refe r to  th e outlin e fo r Environmenta l Impac t 
Statements give n in Table 2.11 and write out the EI S 
step by step. I t is unlikely that all the information 
you require has been provided, so an important part of 
the strateg y of preparing for an EIS is t o identif y 
data needs and appropriate methodologies for obtaining 
required data . Lis t these requirements and indicate 
what informatio n source s should be investigate d o r 
what field research should be conducted. 

Table 2.11 Outlin e for Environmental Impact Assessments 

1. Projec t Description: 

1.1 Purpos e of porposed action/s. 
1.2 Descriptio n o f proposed action/s (i.e . title , 

summary of activities). 
1.3 Environmenta l setting (i.e . nature and status of 

environment prio r to  action ; relate d 
environmental aspects) . 

2. Land-us e Relationships: 

2.1 Conformit y o r conflic t wit h othe r land-us e 
plans, policie s an d control s (national , 
regional, local; relevant legislation). 

2.2 Conflict s with other land-use plans; exten t o f 
possible reconciliation ; reasons for proceeding 
with proposed action/s despite conflicts. 

3. Probabl e Impac t o f th e Propose d Actio n o n th e 
Environment: 

3.1 Direc t (primary ) negative and positive effect s 
on 

environmental factors. 
national environment s (an d possibl y 
international environment). 

3.2 Indirec t (secondary ) effects and consequences. 
3.3 Genera l impact of proposed action. 

4. Probabl e Adverse Environmental Impact s which Cannot be 
Avoided: 

4.1 Descriptio n o f unavoidabl e impacts an d thei r 
consequences. 

4.2 Ho w unavoidabl e advers e impact s wil l b e 
mitigated. 
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Table 2.11 continued.. 

5. Alternative s to the Proposed Action/s: 

5.1 Alternative s whic h migh t avoi d som e advers e 
effects. 

5.2 Alternative s whic h migh t avoi d al l advers e 
effects. 

5.3 Alternative s whic h might enhance environmenta l 
quality. 

5.4 Analysi s o f alternative s (Benefits , costs , 
risks). 

6. Relationshi p betwee n Loca l Short-ter m Uses o f th e 
Environment an d th e Maintenance and Enhancemen t o f 
Long-term Productivity: 

6.1 Trade-o f between short-term environmental gain s 
at the expense of long-term losses. 

6.2 Trade-o f betwee n long-term environmental gain s 
at the expense oif short-term losses. 

6.3 Exten t t o whic h propose d actio n foreclose s 
future options. 

7. Irreversibl e Commitments of Resources 

7.1 Unavoidabl e impacts irreversibly curtailing th e 
range o f potentia l use s of any par t o f th e 
environment; 

- natural resources 
- materials 
- cultural resources 
- human resources. 

8. Interest s an d Considerations of National Policy tha t 
Offset an y Advers e Environmenta l Effect s o f th e 
Proposed Plans: 

8.1 Countervailin g benefits of proposed action/s. 
8.2 Countervailin g benefit s o f an y alternativ e 

action/s. 

9. Statemen t of Conclusions: 

9.1 Approva l of proposed action/s, wit h supportin g 
rationale; or 
Approval, wit h recommende d modification/ s o f 
proposal; or 
Disapproval o f propose d action/s , wit h 
supporting rationale. 

9.2 Recommendation s fo r action , o r furthe r 
investigation (e.g . b y th e developer , 
responsible agency or government). 
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4. Th e identificatio n o f probabl e impacts (ste p 3  o n 
Table 2.11) i s critical to the EIS. Wher e a projec t 
has man y "actions " whic h might impact on a  varie d 
natural and man-made environment, thei r interaction s 
at primar y an d secondary level can be clarifie d b y 
presentation i n th e for m o f a matri x o r simila r 
format, a s is done for the information from the cas e 
study (Figure s 2.2 0 & 2.21) shown in Figur e 2.22 . 
Impacts have been identified, then assigned categorie s 
and values, to indicate negative or positive qualities 
and whether these are minor, moderat e or major. Thi s 
form o f presentation draws attention t o significan t 
impacts, s o tha t the whole range of impacts ca n b e 
dealt with but in order of priority. 

Identify primar y and secondary negative and positiv e 
impacts of the proposed development, and present these 
in tabular or graphic format. 

5. Conside r each potential impact in turn while referring 
to steps 4-6 i n Table 2.11. 

6. Mov e to  th e recommendation s phas e of th e EI S b y 
reference to steps 7 & 8 in Table 2.11. A s with many 
of th e othe r aspect s o f coasta l zon e managemen t 
(previous exercise s Chapte r 2 and Chapte r 3) , th e 
possible negative effects of the proposed developmen t 
must b e weighe d against considerations o f nationa l 
development policy . Fo r example , i f th e islan d 
government i s desirou s o f expandin g th e touris m 
industry, som e disturbance of coastal ecosystems an d 
displacement o f traditiona l activitie s ma y b e 
justifiable. These , probably negative, impacts may be 
outweighed by the need to improve water quality in the 
target are a o r b y new jobs created in th e touris m 
service industries. Weig h up the implications of the 
proposed development and identify impacts which coul d 
be considere d justifiabl e i n relation t o nationa l 
policy guideline s and existin g legislation . (N.B . 
Economic aspect s are considered in greater detail i n 
the following exercise, no. 2.6). 

7. Writ e a  brief concluding statement which does or does 
not recommend that the proposed development should b e 
approved. Thi s should be supported by clearly stated 
reasons, includin g instruction s for further research 
or stud y wher e th e developmen t permi t shoul d b e 
withheld because of inadequate information. 

8. Th e fina l product should be an Environmetna l Impac t 
Statement along the lines of Table 2.11, supporte d by 
appropriate maps and diagrams. 
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Case Study: 

The Nationa l Physica l Developmen t Plan , vol. 2 1986 , 
identified severa l area s o f th e northeas t coas t fo r 
development, as part of the government's attempt to spread 
the benefits of a rapidly expanding tourism industry awa y 
from th e overcrowded west coast resorts. On e town which 
was in serious need for economic revival since the decline 
of it s frui t expor t trad e wa s L a Filette , situate d 
opposite th e Mari e Islands in the lee of Se t Ne t Ree f 
(Figure 2.20) . A  developmen t compan y propose d th e 
construction o f a  resort complex at L a Filette , whic h 
would includ e an hotel and restaurant on landfill on th e 
main reef , holida y flat s o n the Marie Island s an d a 
marina/boating area at the site of the present fishermens' 
beach. Th e resor t infrastructur e wa s t o b e linke d 
throughout b y solid-fil l causeways , an d a  serie s o f 
groynes woul d ensur e wate r qualit y an d safet y fo r 
recreationers (Figur e 2.21) . 

During the preliminary phase of an EIA, th e Department of 
Natural Resources identified and assessed possible impacts 
of the proposed development, and prepared this in the form 
of a n EI A Matri x to be used durin g discussion s wit h 
relevant governmen t agencies . Thi s matrix is show n i n 
Figure 2.22. 

The matrix can be interpreted by reading from Developmen t 
Actions (1 , to p left) which impact on the components o r 
processes of the environment (2 , to p centre), wit h a type 
and scal e of impact shown in the body of the matrix. A n 
identified Primary Impact at (2 ) can be expected to hav e 
any of the Secondary Impacts shown (3 , botto m left) . Fo r 
example, Landfil l fo r causewa y constructio n (lb ) i s 
expected to reduce water circulation (2a ) having a majo r 
impact o n th e environmen t (scal e 3) , an d leadin g t o 
negative secondar y impacts such as a reduction in primary 
production o f benthi c plant s (3a ) an d o f fisherie s 
production in the bay (3b). 

In thi s Case Study, th e matrix highlighted several major 
negative impact s o n the natural environment and o n th e 
local fishin g community . Eve n befor e th e economi c 
benefit-cost analysis was complete, these possible impacts 
were considere d sufficiently serious for the developer to 
be aske d by government to redesign the basic engineerin g 
in the proposal. (Thi s Case Study is hypothetical) 
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Alternative Exercises: 

1. Environmenta l Impac t Analysis is an extension of more 
conventional Cost-Benefit Analysis of the economics of 
development projects . EI A attempt s t o d o th e 
equivalent o f a Cost-Benefit Analysis on less easil y 
quantified aspects of the total environment, suc h a s 
the cost s o f ecologica l disruptio n o r los s o f 
aesthetic resources . Translatin g some environmental 
or resourc e values into dollar equivalents i s ofte n 
difficult, bu t i s essentia l for management o f th e 
total resource capital of island coastlines. 

Select a coastal development project, such as the Case 
Study presente d above , an d conduct analyses of tw o 
components, as follows: 

(a) compare th e cos t of one aspect o f constructio n 
(e.g. buildin g a  ne w hotel) with th e expecte d 
income (benefit) . Thi s ordinar y Cost-Benefi t 
Analysis will almost certainly show a net profit. 

(b) Compare th e cost of construction above wit h th e 
possible costs of damage caused by a storm, afte r 
the land-fil l operatio n ha s destroye d th e 
protective cora l reef ; i.e . attemp t to pu t a 
dollar valu e o n the protective functions of th e 
healthy reef. 

2. Asses s the impacts of tourism development on adjacen t 
areas an d thei r infrastructure. Th e main exercis e 
above concerne d EIA at the site of development , bu t 
the introductio n of tourism into a bay als o affect s 
the supporting town and neighbouring areas. Tak e into 
account likel y effects on the system of roads, powe r 
supplies, wate r and sewage (treatmen t and disposal) , 
displacement o f people from the development area an d 
migrations o f peopl e int o th e are a (transport , 
housing, shifts in the economy). 

3. Asses s th e impact s o f a  maricultur e developmen t 
project. Th e abov e exercise s have bee n concerne d 
largely wit h land-based activities, bu t the growin g 
popularity o f th e cultur e of marin e organism s i n 
coastal waters is causing problems in many areas. No t 
only ar e there problems for the mariculturist tryin g 
to rais e food organisms in polluted waters, bu t th e 
presence of culture frames, rafts, submerged cages and 
other structure s impacts on the natura l environmen t 
and o n economi c activitie s i n th e coasta l zone . 
Examine a  functioning or proposed mariculture schem e 
and asses s its impacts; includin g the used of loca l 
material i n construction , effect s o n freedo m o f 
navigation o n that part of the coast, o n traditional 
uses o f th e area, o n the local econom y an d wate r 
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quality. 

Further Reading 

Devaux, R. J. 1987 . Th e impact of the Rodney Bay Project 
on coasta l processes . Commonwealt h Scienc e 
Council Technical Publication, 227; 117 - 131. 

Kapetsky, J. M . 1981 . Som e consideration s fo r th e 
management o f coasta l lagoo n an d estuarin e 
fisheries. FA Q Fisheries Technical Paper, 218; 
47 pages. 

Lewsey, C. C. 1987 . The effects of tourism development on 
natural resources and infrastructural facilitie s 
- the cas e of Barbados. Commonwealt h Scienc e 
Council Technical Publication, 227 148 - 180. 

Marshall, B. V . 1975.Comprehensiv e Economics, pt . 2 . 
Analytical an d applied (2n d Edit.) . Longman , 
London; 695 - 1163. 

Odum, W. E. 1974 . Potentia l effect s of aquaculture on 
inshore coasta l environments . Environmenta l 
Conservation, 1; 25 - 47. 

Shopley, J. B . &  Fuggle, R . F . 1984 . A  comprehensive 
review o f curren t Environmenta l Impac t 
Assessment methods and techniques. Journa l o f 
Environmental Management, 18; 25 - 47. 

Williams, M. C . 1987. Environmenta l Impac t Assessment in 
the physica l plannin g proces s wit h specia l 
reference t o the coasta l zone . Commonwealt h 
Science Council Technical Publication, 227; 59 -
83. 

* *  * 
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Exercise 2. 6 ANALYSIN G THE ECONOMIC BENEFITS, COSTS  AND 
RISKS OF COASTAL AREA DEVELOPMENT S 

Background 

Previous exercises in this Chapter have not dealt with the 
economic aspect s of coastal development, althoug h thes e 
have bee n implici t throughout . A s examples , (a ) 
construction of a breakwater (Ex. 2.2 ) will be of cost to 
the developer, but if erosion results this will reduce the 
value o f th e beach for residents an d tourists ; (b ) a 
suitable locatio n for a sewage outfall can be chosen (Ex. 
2.3, bu t th e bes t site on technical an d environmenta l 
grounds could also be the most expensive in terms of pip e 
laying o r distanc e fro m th e treatmen t plant ; (c ) 
maintaining bathin g water s free from colifor m bacteri a 
(Ex. 2.4) requires expenditure on monitoring services, and 
the highe r th e standard of coastal cleanliness require d 
the higher the costs of waste disposal. However , if water 
quality standard s are not maintained , financia l losse s 
might occu r through increased medical bills or reductio n 
in touris t numbers; (d ) enviromental impacts of a resort 
development projec t were reviewed (Ex. 2.5) , bu t ther e 
will b e impact s o n many sectors of the econom y t o b e 
considered also . Th e develope r will invest mone y an d 
expect profits, an d employees and service industries will 
receive an d pas s on money. Bu t while thi s multiplie r 
effect spreads the benefits through some parts of society, 
adverse impact s o f th e projec t migh t involv e th e 
government o r smal l group s o f citizens i n a  los s f 
revenue. O n th e othe r hand, i f a differen t typ e o f 
development ha d take n plac e in the area , suc h a s L a 
Filette Bay (Ex. 2.5), profits might have been smaller but 
the environmenta l damag e and resulting costs to societ y 
negligible. 

The outline for preparing Environmental Impact Statement s 
for developmen t project s require s consideratio n o f 
alternatives to the proposed action (Table 2.11, Ite m 5). 
This includes an analysis of these alternative in terms of 
the benefits, costs , and risks; whic h helps the coasta l 
zone manager to progress from what it is feasible to do on 
technical o r environmental grounds, t o what is advisable 
to do on economic grounds. I n other words, over and above 
the environmental opportunities and constraints on coastal 
resource development , th e manager must make an economi c 
choice, i n deciding between different uses of a resource, 
and must allocate resources between competing user group s 
in orde r to maximise economic returns. H e must consider 
the effects of the development on both private and publi c 
sectors an d tak e into account short term and lon g ter m 
benefits and costs (see Beckhuis, 1981). 
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The exercis e which follows is an introduction to some o f 
the economic aspects of coastal area development, designed 
for trainee s with little previous knowledge of economics. 
It concentrate s o n som e of th e concept s involve d i n 
decision-making, an d o n developin g a  strateg y fo r 
reviewing th e economi c implication s o f alternativ e 
proposals, rathe r tha n detailed monetar y calculations . 
However, th e instructo r coul d replace the hypothetica l 
case stud y presente d wit h a loca l exampl e fo r whic h 
financial prediction s hav e been made, i f the leve l o f 
understanding of economics among the trainees merits this. 

Aim: 

To make a preliminary benefit/cost analysis of alternative 
uses of a coastal wetland area. 

Duration: 

One day (minimum). 

Suitable Location: 

Drawing offic e o r laboratory , usin g th e informatio n 
provided. 

Materials Required: 

Report writing materials 
Word processor or word processing facilities 
Copies o f the following reports (which are reproduced a t 
the end of this exercise, below): 

- "Summary of Bogue Swamp Development Plan" 
- "Review of the Bogue Recreation Park Proposal" 

A lis t o f local financial information, (suc h a s hous e 
prices, hote l rates, constructio n costs, transpor t fuel 
costs, labou r costs, insurance and import charges), which 
should be provided by the instructor. 
Pocket calculators 

Instructions: 

1. Revie w the documents provided. Discus s these with the 
instructor and ensure that you have a clear picture of 
the type and magnitude of the proposed developments. 

2. Not e the estimated costs of the proposed projects, and 
that th e tw o competing investors are the Governmen t 
(using publi c funds ) and a privat e compan y (usin g 
share capital or loans). Mak e a list of the different 
ways the money will be spent (eg. materials , labour), 
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and fro m this a list of the groups of people who will 
benefit durin g th e constructio n phas e o f eac h 
development. I t i s not necessary to estimate actual 
earnings o r to calculate the cash flow, a s yo u ar e 
concerned with where the benefits will be felt and the 
relative scal e o f benefits . However , i f loca l 
financial dat a is available for comparison, advance d 
trainees may wish to do this. 

3. Take eac h development in turn and list the types an d 
likely numbe r o f persons who will benefi t directl y 
from i t once it is operational. Thi s should includ e 
(a) persons involved in operating the facilities, an d 
(b) th e visitor s an d other s wh o wil l enjo y th e 
facilities. 

4. Compare th e benefit s to  be derive d fro m th e two 
proposed development s (combine d constructio n an d 
operation phases) . Th e compariso n shoul d examin e 
numbers of persons who benefit or the likely cash flow 
paths throug h society . (I t i s no t necessar y t o 
attempt monetar y calculation s fo r trainee s t o 
appreciate relativ e benefit s o f th e competin g 
proposals). Doe s it appear that the greatest benefits 
are likel y to arise from the more costly development? 
If not, how do you account for this? 

5. Before choosin g to allocate the natural resources o f 
the targe t are a to the mor e competitiv e proposal , 
consider som e o f th e indirec t costs o f eithe r 
development. Th e are a ha s a  range o f value s a t 
present, an d "developing" it would mean some loss o f 
value to current user groups. Thes e include: 

(a) Fishermen -  would incu r loss of income from 
fishing i n th e swamp . Woul d 
also b e displaced fro m fishin g 
and mooring boats in this area. 

- might incur loss of income fro m 
fishing on the reef, i f removal 
of mangroves upsets local marine 
food chain s o r reduce s th e 
supply of nutrients to the reef. 

(b) Recreationers - would no longer have free access 
to th e swamp area for boating , 
swimming or other recreation and 
enjoyment. 

(c) Residents -  amenity valu e would be reduced; 
loss o f sceni c qualitie s an d 
increases in traffic, etc. , are 
likely to  affect hous e price s 
and us e o f gues t house s o n 
Jack's Hill. 
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Private costs , o f investment by the developer , ar e 
more easil y appreciate d than social costs, suc h a s 
loss of traditional employment by fishermen or loss of 
amenity value by residents and visitors. Discus s how 
important yo u conside r thes e losse s t o be , an d 
identify an y othe r probabl e socia l cost s o f th e 
proposed developments. 

6. Calculat e th e opportunity costs of the existing use s 
of th e Bogu e Swamp area. A n opportunity cost is a 
measure o f wha t the user has given up i n orde r t o 
enjoy a  resource . Fo r example , a n islande r wa s 
prepared to give up buying other luxury items in order 
to buy fuel to drive his family to the Bogue Swamp for 
a picnic. Instea d of buying a new stereo set, another 
person bough t a  second hand canoe in order to enjo y 
boating i n th e lagoon. Th e expenses of thes e tw o 
users ca n b e considered as part of th e valu e tha t 
people place on this natural area. 

Refer t o the reports on the Bogue Swamp area and make 
a list of the types and numbers of persons who use o r 
benefit from the area in its present condition. 

Calculate the opportunity costs for each group, a s in 
the following example: Resident s from different parts 
of th e islan d visit the Bogue area for recreationa l 
purposes, an d spend money on fuel, food , drin k an d 
photographic materials. I f there were 9,500 visitor 
days last year and visitors spent on average $15, th e 
opportunity cost for this user group was approximately 
$142,500 per year. I f we had been considering a group 
of foreig n tourist s visitin g the area by tax i an d 
buying their food in the guest house, an d spending on 
average $3 0, the opportunity costs would be doubled. 

7. Th e total opportunity costs, calculate d for the are a 
without development , shoul d be balanced against th e 
proposed developments. Los s of opportunity should be 
considered a cost item; t o what extent does it reduce 
the expectd benefits? 

8. Th e tw o proposed developments modify the Bogue Swam p 
area to different degrees. Re-examin e the proposal s 
and asses s whic h ha s the lower effec t o n presen t 
opportunity costs ; fo r example, i f residents valu e 
living abov e th e Swam p becaus e o f it s sceni c 
character, whic h developmen t disturbs scenic value s 
less? I s the potentially lower profit from this "more 
acceptable" projec t justifie d by the sceni c value s 
which have been preserved? 

9. Revie w th e benefit/cos t analysis conducted thus fa r 
and, i n th e ligh t of the issue s raised , draf t a 
strategy fo r approachin g a  simila r analysi s wit h 
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another proposal . Th e strateg y shoul d lis t th e 
actions to be taken in order of priority. 

10. Conduct a  ris k analysi s o f th e Bogu e Freepor t 
development. Th e benefit/cos t analysi s .above ha s 
assumed, thu s far, tha t certain benefits will accrue 
when the development takes place . Onc e cruise ships 
arrive an d tourist s spen d money in th e dut y fre e 
shops, ther e wil l b e benefits to the econom y tha t 
repay investment s an d outweig h identifie d socia l 
costs. Bu t wha t happen s i f tourist s ar e no t 
attracted to the area, or not in sufficient numbers? 

This question will have been faced by the investors at 
an earl y stage of preparing the developmen t projec t 
proposal. The y wil l hav e considere d th e risk s 
involved an d assesse d th e likelihoo d tha t thei r 
project wil l succeed (i.e . mak e a profit or improv e 
conditions in the area). 

Activity 1: Student s shoul d lis t th e type s o f 
information the y woul d nee d for a n economi c ris k 
analysis of the Bogue Swamp Development Project. Thi s 
might include: 

- Outline o f governmen t policy on touris m secto r 
expansion. 

- Predicted trend s i n touris t arrival s t o th e 
island. 

- The National ( 5 year) Development Plan, containing 
the projection s o n potentia l competin g o r 
supporting development s i n or adjacen t to  th e 
target area. 

- Data o n th e loan s polic y fo r tourism-typ e 
developments o f th e majo r loca l financia l 
institutions. 

- other 

Students shoul d refe r to qualified resource person s 
for hel p wit h identifying needs fo r economi c ris k 
analysis. 
Activity 2: Student s should also analyse the risk of 
economic losse s resultin g fro m (unexpected ) 
environmental problems . Fo r example , remova l o f 
mangroves and cutting of the navigation channel migh t 
result i n deterioratio n of the fringing ree f whic h 
protects popula r bathin g beache s an d commercia l 
waterfront propert y adjacent to the development site. 
Do the benefits to be derived from the proposed Bogu e 
Development outweigh t the possible costs of increased 
wave and storm, damage to these neighbouring features ? 
What i s th e ris k an d i s i t wort h taking ? (Th e 
likelihood of reef damage occurring would be assesse d 
by standard of EIA procedures. Thes e would provide a 
prediction, an d state d degre e o f certainty . Th e 
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coastal zone manager should consider the chances, bu t 
assess the economic risks on the basis that damage can 
be expected) . 

List th e type s o f information require d t o decid e 
whether th e privat e an d social costs tha t ca n b e 
expected followin g reef damage seriously detract from 
the potentia l valu e o f th e development . I s th e 
economic risk high or low in this respect? 

11. Prepare a  writte n summar y outlinin g th e economi c 
benefits, cost s an d risks involved in th e propose d 
Bogue Swam p are a developments . Giv e a n overal l 
assessment o f th e economi c viabilit y o f bot h 
proposals. 

Alternative Exercises: 

1. Student s shoul d mak e a  study of opportunit y cost s 
during a  fiel d visit to a small recreationa l site , 
near th e trainin g centre. Th e numbers o f person s 
using th e sit e (preferabl y at peak time) shoul d b e 
estimated an d th e cost s o f runnin g th e sit e 
investigated. Student s shoul d conduc t interviews , 
using a  pre-prepared questionnaire, i n order to find 
out how much visitors have spent to reach the site and 
how muc h they expect to spend in order to enjo y th e 
site. Us e these figures obtained from a small sample 
of th e visitor s to estimate th e tota l opportunit y 
cost. 

Follow th e abov e stud y b y drawing up a  pla n t o 
attract twice as many visitors to the site. Estimat e 
what i t woul d cos t to attract an d cate r fo r th e 
increased visito r numbers (publicity , infrastructur e 
and facilities, wardens , lif e guards or whatever i s 
appropriate). The n compar e the costs of running the 
improved recreationa l sit e wit h th e estimate d 
opportunity costs. D o you consider that the benefits 
of th e propose d developmen t woul d outweig h th e 
investment and running costs? 
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Further Reading: 

Dixon, J. A. &  Hufschmidt, M . M . (Eds ) 1986. Economi c 
Valuation Technique s for the Environment. Joh n 
Hopkins University Press, Baltimore, USA. 

Gamman, J. K. &  McCreary, S. T. 1988 . Suggestion s for 
integrating EIA and economic development in th e 
Caribbean Region , Environmenta l Impac t 
Assessment Review, 8; 43 - 60. 

Koester, S. K . 1986 . Socioeconomi c and cultural role of 
fishing an d shellfishing in the Virgin Island s 
Biosphere Reserve . Virgi n Island s Resourc e 
Management Cooperative , Biospher e Reserv e 
Research Report, 12; 24 pages. 

* *  * 
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Exercise 2.6: Supportin g Document No. l 

SUMMARY OF BOGUE SWAMP DEVELOPMENT PLA N 

This summar y is designed to help agency personnel obtai n 
an overvie w o f th e propose d developmen t o f a 
tourism/freeport centre at the Bogue Lands, the details of 
which may be found in Ministry Document 42/87/216. 

A. Existin g Conditions 

1. Bogu e Swam p i s the largest area of mangroves on th e 
north coast, coverin g approximately 3 2 0 acres . Th e 
Swamp consists of seven mangrove-covered island s wit h 
shallow channels between, an d two lagoons. Th e inner 
lagoon i s also shallow, wit h a firm sandy bottom and 
patches of seagrass and is well known for its rich and 
varied fish life. Th e outer lagoon is deeper, falling 
to 1 2 ft in places, an d separates the mangrove are a 
from th e coral reef. Th e reef is passable onl y b y 
small canoes , excep t at the southern end where small 
yachts an d motor craft can pass at hig h tide . Th e 
mangrove island s shelte r th e beac h o n th e sout h 
(landward) side , givin g ver y calm condition s muc h 
liked b y families with children. Longshor e currents 
keep seawee d an d othe r debris of f th e beac h an d 
bathing area . Althoug h less than one mile from th e 
town, ther e hav e been no complaints of pollution o f 
the beac h o r swam p area by oil, garbag e o r othe r 
offensive materials. 

2. Te n fisherme n reporte d regular fishing in the Bogu e 
area, fiv e on a full time basis, the others regularly 
in betwee n other forms of employment. Tra p fishin g 
in th e oute r lagoon is practiced regularl y b y al l 
fishermen interviewed. Som e shrimp, used largely for 
bait, crab s o f thre e species , lobste r an d som e 
scalefish are also taken in the inner lagoon and among 
mangroves. Abou t half the catch is sold to the quest 
houses o n Jack's Hill, th e balance is either sold on 
the beach at the eastern end where the fishermen moo r 
their boats , o r use d fo r hom e consumption . Th e 
fishermens' familie s benefiting from use of the Bogue 
area number approximately 6 2 persons. 

3. Recreationa l fishin g i s carried out throughou t th e 
area, bu t n o estimate is available. Th e number o f 
visitor day s recorde d during the last 12 months (b y 
survey of persons entering he beach area from Hillside 
Lane) was 12,740. Th e largest number were islanders, 
totalling 9,500 , whil e the balance were guided tou r 
parties of foreign tourists staying in the main town. 
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4. Bogu e Swamp is overlooked by Jack' Hill, probabl y the 
most exclusive housing area in the north. Propert y on 
the Hill fetches high prices, du e to the spectacula r 
views over the swamp and reef, the unspoiled nature of 
the loca l environment and general quietness (whic h is 
in contras t t o the main town round the ba y t o th e 
east). Jack' s Hill has two guest houses, which boast 
80 - 90 % occupancy throughout the year. "Hillcrest " 
caters t o da y trippers , especiall y foreig n tou r 
parties, and the view from the guest house verandah is 
probably on e o f the most photographed on th e nort h 
coast. Durin g th e las t 12 months this guest hous e 
recorded 8,320 day-trippers. 

B. Feature s of the Development Plan 

1. Al l mangrov e will be cleared from th e site ; botto m 
material dredge d fro m the outer lagoon and use d t o 
fill the Freeport site. A n elongated landfill area of 
120 acre s will be levelled and joined to the base o f 
Jack's Hil l (presen t beac h area) . Th e followin g 
facilities will be constructed on the landfill site: 

Dock are a wit h thre e berths (designe d t o receiv e 
cruise ships and freighters). 
Customs shed and warehouse. 
Six factory units (fre e zone manufacturing fo r export, 
expected to employ 300 workers). 
Enlarged acces s road, wit h guard post (ther e will be 
restricted entr y to the Development Area ) -  Parking 
facilities. 
12 chalets for duty free shopping; one restaurant with 
gardens, toilets and staff lounge. 
Navigation channel. A  channel will be cut through the 
reef opposit e the cruise ship dock (usin g mechanica l 
means), larg e enoug h to permit entry by ocean-goin g 
vessels. Marke r buoys and moorings will be provided. 

2. Cost s of construction are estimated at $40 million. 
3. Constructio n tim e i s estimate d a t 1 8 month s to 

reception of the first party of cruise ship tourists , 
and 24 months to full operation of the facility. 

4. Estimate s sho w tw o cruis e ship s per wee k ca n b e 
expected. Ther e are no estimates of revenue from free 
zone operations which will be put out to tender. 

5. Th e Ministr y of Works will contract out constructio n 
work through normal tendering routes. 

6. Th e Touris t Boar d wil l be mandated t o manag e th e 
Feeport Development , probabl y throug h th e 
establishment o f a  Bogu e Freepor t Developmen t 
Authority. 
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Exercise 2.6 Supportin g Document No. 2 

REVIEW OP THE BOGUE RECREATION PARK PROPOSAL 

The alternative proposal submitted by "Leisure Investments 
Ltd." t o th e Department of Planning on 15t h Jun e 198 8 
concerns plan s to build a recreation park on a site known 
as Bogu e Swamp . Th e "Swamp " i s Governmen t lan d 
consisting of mangrov e islands , lagoon s an d a  beac h 
fringing th e norther n sid e of Jack's Hil l ( a privat e 
residential are a no t included in the development area) . 
The proposal has the following features: 

1. Fiv e o f th e mangrov e islands wil l b e grade d an d 
the major portion of the mangroves removed to make way 
for picni c an d barbecue sites . Thes e site s wil l 
include wooden shelters covered with palm leaves, with 
seating and wooden table. 

2. Channel s betwee n an d aroun d al l island s wil l b e 
dredged t o permi t acces s by small pleasur e craft . 
Landing stages will be constructed on each island. 

3. A n hote l wil l be constructed at the eastern side o f 
the developmen t area. Thi s will be an exclusive 4 0 
bed hote l i n the form of separat e cabinas/chalets , 
with tennis courts and freshwater swimming pool. 

4. Th e hote l wil l be fronted by a marina , capabl e o f 
berthing u p to 50 pleasure craft, wit h full servic e 
facilities but not repair facilities. I t is expected 
that th e marina will be used largely by hotel guest s 
(who will arrive by boat). 

5. A  channe l will be dredge d from the marina , throug h 
the inne r lagoo n to the western and o f th e swamp , 
where a  passage to the sea already exists. A  survey 
is bein g conducte d a t presen t t o determin e th e 
necessity of deepening or widening the channel through 
the reef. 

6. Th e beach area will be retained. Loca l residents will 
be permitte d t o use the beach, bu t an entrance fe e 
will b e charged. License d concessions will provid e 
refreshments and watersports equipment; thes e will be 
controlled by the developer directly. 

7. Constructio n costs are estimated at $20 million. 
8. Th e firs t phase , continuin g the hote l an d marin a 

facility, wil l b e operationa l withi n 1 8 months . 
Navigation channe l dredgin g wil l procee d 
simultaneously. Th e secon d phas e which will begi n 
once Phas e 1  is completed will develo p th e picni c 
sites an d other recreational facilites which will b e 
used largel y b y islanders . Phas e 2  shoul d b e 
completed within six months. 

9. Whe n full y operational , th e Recreationa l Par k i s 
expected t o employ 30 -40 persons full time . Extr a 
part time staff will be required from time to time. 
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10. The report concludes with financial projections which 
suggest profit s on the initial investments wil l b e 
realised by the middle of year three. 
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