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lntroduction 

This report provides a conceptual framework for the integration,of 

a number of important considerations in water resources planning with special 

attention to water management in the Suriname River watershed. 
In am particularly grateful to Maria Panday-VerheuveI, Pieter A. Teunissen 

and Joep N. Maonen, who imparted to me a wealth of information about 

Suriname's unique environment and culture. Richard Saunier's"Preliminary 

Report on Environmëntal consideratians for the Project: Water Management 

Plan for the Coastal Area" provides valuable background information and a 

point of departure for this report. 

The purposes of environmental management applied to water resources 

are: 

The identificatian and mitigation of intersectorial conflicts such 

as those between hydroelectric power generation and downstream 

fisheries production or between agricultural pest contra 1 and 

fisheries production. 

The identification of opportunities for sustained use of ecalogical 

processes and natural ecosystems for such purposes as waste treate

ment, protection of water management infrastructure and high net 

fishery production. 

Environmental management considerations are an indespensibIe part of 

economically and technically sound actions and policies contributing to 

development. 
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The recommendations found in this report are based on observations 

made during the perrod 30 October to 19 November 1982. In addition to 

the interviews conducted jointly with the team leaders (listed seperately) 

I made jeep trips to Afobaka Dam, the Brownsberg Natural Reserve 

overlooking the Brokopondo reservoir, Pokigron on the Upper Suriname 

River and to the vicinity of Frans Creek in the savannas west of 

Zanderij. A team visit was made to the Commewijne agricultural develop

ment area. An overflight was made covering the Brokopondo Reservoir 

the Upper Tapanahoni River, the Jai Creek diversion site, the Upper 

Suriname River, the Kabalebo damsites, the Nickerie polders and the 

Northwestern coastal zone. 

Ivater us es 

Water in the Suriname River basin has a variety of uses : 

In industry as a solvent, areagent, for cooling, steam, slurrying 

material for waste removal and for power generation 

As a medium for transportation and recreation 

By people for washing, drinking and waste removal 

In agriculture as an essential element in plant and animal 

product ion 

As the medium for aquatic ecosystem functioning - supporting 

plant and animal life - and, within limits, for processing waste 

inputs. 

Within the context of a river basin,the above us es may be independent of 

one another, complementary, competitive or mutually exclusive. If water 

can be used for all purposes without materially affecting that use or another 

group's use of the resource, then there would be no need for water management. 

Unfortunately, in Suriname each sector's use of the water resource is more 

and more depriving other sectors of its full use. For instance, regulation 

of river flow for optimum electrical energy generation for aluminum produc

tion has adversely affected the fishery sector catch and may even have 

reduced the annual flushing of sediments from the river mouth, adversely 

affecting navigation by ships carrying aluminum and other products. Obviously 

there is a pressing need for comprehensive water management planning. 



Quality of the water resource. Water in the context of the aquatic
 

ecosystem requires the consideration of four interrelated parameters:
 

Substrate - The type and diversîty of habitarts for plants and 

animals within the water body including riffles and pools, holes 

and shallows, inside and outside bends, sandy, muddy and rocky 

areas and streamside vegetation (elements which are virtually 

eliminated by channelizationl 

Energy souree. In-stream orimarv nronnrt.înn or nl,qnts and small fauna 

falling or washing into the water. 

Water aualitv - Reouisite r.qnçre nf ("rln(H.t::Î"nl=:, fnr t:hp. fl1nr.t.:Lnn:î.na nf 

a par~icular ecosystem including chemical characteristics, pH) temperature
 

range ano clarity.
 

Flow regime - The variation in flow and/or water level seasonally or as
 
affected by tidal action to which organisms are adopted.
 

These quality parameters are particularly relevant in the management of water
 

for energy generation, agriculture and fisheries in the Suriname River basin.
 

National context of the Suriname River 

From east to west, Suriname exhibits similar geographical characteris

tics along any given latitude. 

Similar basement rock complexes, elevations and rainfall patterns result 

in similar ecosystems and hydrology across the southern three quarters 

of the country. The savanna belt (Coesewijne Formation), old coastal 

plain (Coropina Formation) and the young coastal plain (Demerara Formation) 

all stretch in bands of varying width across the country. Likewise 

coasts, mangrove communities, lagoons, mudflats and occasional sand beaches 

from a repeating pattern. Major rivers flowing north join smaller westward 

flowing streams to breakl through to the sea. 

The Suriname River basin encompasses a south to north sample of all 

condition of the major geomorphic, vegetational. land and water hnrliP~ ~xi~ting 

in Suriname. The water management issues related to hydroelectric Dower 

generation, alumin'um production and urban development are presently unique 

to the Suriname River basin, but are of future concern in other basins. 

1 
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The	 Suriname River System 

Figure 1 illustrates the major components of the Suriname River watershed. 

Same of the water related issues and concerned institutions are listed in Table 1. 

For convenience of discussion, issues have been addressed under the headings A. 

through G. below. Each component is illustrated by a simple diagram which 

provides a descriptive water balance relevant to water management. Quantification 

of	 these models is recommended as an early step in management planning. 

With the exception of solar energy, wind, rain, tidal action, evapotranspiration 

and	 commercial exchanges, each component output represents an input affecting 

another component or sector. 

For	 reference, a conceptual system model has been developed showing the regional 

system with its component interactions (Figure 2a-c). 

The	 Suriname River basin has been divided into the upper and lower watershed at 

the	 Afobaka dam because of the distinctive management requirements of the two 

portions of the basin. For illustration, the lower watershed is further divided 

into two parts corresponding to the area with problems related predominately to 

fresh water management (Figure 2b) and the estuarine portion of the river affected 

directly by the mixing of fresh and salt water (Figure 2c). 

A.	 Upper watershed. The upper watershed is made up of a geologically ancient basement 

complex, predominately granitic. Soils are shallow and highly weathered; slopes 

are short with an abrupt to rolling character and there is virtually na alluvial 

accumulation. Rainfall ranges from near 2000 mm per year to over 3000 mm in the 

Wilhelminagebergte area. The dominant ecosystem is Tropical Moist Forest with 

areas of transition to Tropical Wet Forest, aften somewhat impoverished by the 

paar and shallow soils (Holderidge Life Zone System). 

Ilineral cycles in the virtually undisturbed forest are extremely tight which, 

combined with the leached soil and resistent bedrock, results in clear water 

paar in plant life except for the Podostemaceae family which clings tenaciously 

to the rocks. Food chains are largely dependent on plant material and small 

fauna falling into the water from the overhanging forest. 

I 
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The Bush Negro population scattered along the main rivers live in 

dynamic equilibrium with the forest and waters practicing shifting agri

culture and hunting and fishing to meet their subsistence needs. 

They"and their agriculture result in a small organic enrichment of the 

river. The quality of the water resource (as defined above) remains 

extremely high. 

The major potentially important change in the upper watershed is 

the proposed diversion and interbasin transfer of Jai Creek and perhaps 

even the Upper Tapanahoni River to the Brokopondo reservoir. (See figure 3). 

Issues could arise from this action include: 

1.	 Same increase in sedimentation resulting from access raad construction 

and subsequent economically marginal logging. The problem can be 

mitigated by appropriate road design and construction. Isolation and 

lack of economic attractiveness will limit forest exploitation or 

agriculture along access roads. 

2.	 Diversion, particularly if both streams are included, would have 

international implications and would result in impacts on the well 

being and natural integrity of any downstream Bush Negro communities. 

3.	 Diversion would reduce future options for large power development on 

the lower Tapanahoni. 

Management opportunities in the basement rock watersheds include: 

1.	 Protection of the upper areaS from ill - conceived economic activities 

so that these watersheds can continue to provide large quantities of 

high quality water for multiple downstream uses. 

2.	 Expanjion of the size and use of Nature Reserves and National Parks 

managed by STINASU. Through national and international tourism the 

forests and waters can make a high sustained contribution to the 

economy. 

It is probable that nature oriented tourism would have a higher net 

value per hectare than would forest exploitation over most of the area 

without affecting water resources. 
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3.	 Small scale hydropower development on the streams of the lower 

portion of the basement complex. This could be important to small 

scale forest products industries where there is road accessibility. 

A program of this sort could specifically benefit any displaced 

Bush Negro groups who have a natural affinity for forest related 

activities. 

Figure 3 
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B.	 Dam and Reservoir. The Brokopondo reservoir covers an estimated area of 

180.000 ha when filled to a depth of 46,9 meters at the dam. Average
 

depth is 11,9 meters. The area covered is relative1y level with small
 

hills which emerge as islands. No vegetation was fel led or removed
 

before the reservoir was	 filled; consequently many thousands of tree trunks 

protr~de out of the water. Filling of the reservoir resulted in a tremendous 

release of nutrients and a massive growth of water hyacinths. Efforts to 

control the hyacinth were greatly helped by the return of the water to 

their nutrient poor state as described in the upper watershed section. 

An	 overflight in November 1982 revealed no floating vegetation and virtually 

no	 vegetation on the shoreline exposed by low water; occasional patches 

of	 botton anchored vegetation were noted in the upper, shallow area.Only one 

wadin~ bird was seen. (See Figure 4) 

The problems for other sectors which ,esulted from the construction 

and	 ope,ation of Brokopondo that would likely OCcur with implementation of 

other proposed inpoundments are the following: 

1.	 Flow regulation - Whereas seasonal flows p,evious to dam cIos ure 
3ranged for 50 to 700 mis, flows now average bet"een 200 and 300 

m3/s without significant peaks. The pe,sistant effect is a marked 

reduction in the flooding of fo,est adjacent to the rivers and along 

tributary c,eeks. Fish are prevented f,om feeding and reproducing in 

the rich fo,est environment. Consequently the freshwate, fish popula

tion has been drastically reduced. In addition, the pulse of 

organic material entering the estuarine and marine environment 

has been reduced with undocumented effects on fish production. 

The role of pulses of clear freshwater with high erosive poten

tial in maintaining a scou,ed channel th,ough the mud of Amazonian 

origin at the ,iver mouth should be investigated. 

2.	 Flow elimination and 02 depletion. The total elimination of river flow 

rlllrinlt reservoir filling combined wi th the sudden release of oxygen 

depleted water caused considerable fish mortality downstream. 

Continllin" wi thrlr~w~l of water for the tu,bines .fsom th.e oxygen depIe·· 

ted layer in the lake chronically affects downstream water quality 

although oxygen content of the wate, is generally improving as a 

result of gradual oxidation of organic matters in the reservoir. 



- 13 .
 

3.	 Reservoir fishing. The concentrated river fishery described 

in the upper watershed section has been replaced by a dispersed 

fish population more difficult to harvest. 

4.	 Displacement of people. The total disruption of the life style 

and resource base of the displaced Bush Negro pópulation can 

occur in other projects unless authorities are sensitive to the 

physical &nd sociocultural needs of the people. 

Opportunities to be considered in future dam and reservoir 

development planning: 

1.	 Location in the basement rock area of reservoirs assures 

an extremely long useful life of the works with minimal 

investments in watershed protection. 

2.	 The bene fits from maintaining a minimal base flow during reservoir 

filling and the use of multiple intakes to tap more oxygen rich 

.i
,! water should be evaluated. 

3.	 Expenditures for forest removal and aquatic weed control do 

not appear to be justified. After the large amount of biomass covered 

withwater oxidizes,the weed problem tends to disappear as naturally 

nutrient poar conditions in the reservoir area are restored. 

4.	 Runoff from the basement complex rocks represent a yet undeveloped 

source of high quality water for urban and industrial use. 

Figure 4 
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Bauxite mining and processing of Alurnina and Aluminurn 

The presencé of yet unexploited bauxite resmurces in Suriname make 

evalution of potential conflicts and opportunities of major importance. 

The dominant place of aluminum/ alumina exports in the economy makes it 

possible at times to forget the need to maintainthe productivity of other 

sectors - urban, aericultural and fisheries - which have important long 

term functions in the economy and society. The relatively high level 

of wellbeing of the Surinamese population in general derives from 

productive management of equitably distributed natural resources in 

addition to earnings from the aluminum industry. (See Figure 5) 

Problemswhich should be considered in water management include 

the following: 

1.	 Mining may go deeper than 30 meters. Mine dewatering can 

result in local aquifer depletion if water bearing strata are cut. 

The use of surface water for overburden slurrying does not consti 

tute a major issue. If excess water discharge is not filtered 

through.swamps, undesirable sediment input to surface waters could 

occur. 

2.	 The red mud,byproduct of alumina, is potentially hazardous to ,	 surface and ground water quality. The present pond system appears 

to provide adequate containment. 

3.	 The single most important effect of the aluminum industry is the 

large quantity of high quality groundwater used for all purposes, 

from vehicle washing to steam processing of alumina. The volume anc 

quality requirements of the industry should be evaluated. 

4.	 It is not known what quality or quantity water enters the surface 

water fr om the alumina and aluminum processing operations. This 

should be investigated. 

Opportunities for consideration relative to the alurninurn industry: 

1.	 Cooperative strategies between industry and other water users to 

provide for Nater needs without causing salt water intrusion into 

the aquifer,Development of surface water resources appears to be 

indicated. 
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2.	 Reclamation of mined areas through breaking down of steep slopes 

of spoil piles and pit edges for safety and to permit natural 

succession for restoration of terrestrial and aquatic vegetation. 

Figure 5 
Water and mater iel belance tor Aluminum industry 
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D.	 Fresh~ater rivers and creeks 

The problems of ~ater fluctuation and fisheries has been discussed 

as have questions relative to the quality Df ~ater discharged by mining and 

processing. (See Figure 6) 

J
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Water and material balance tor treshwater rivers and creeks 
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E. Greater·Paramaribo urban-industrial area 

Paramaribo is located in the young coastal plain upstream from the mouth 

of the Suriname River. The low-lying landscape is made up of alternating 

sand and shell ridges and intervening poorly drained low areas. Originally 

settlements and roads were located along the east-west tending sand ridges. 

Now, high and low ground is settled with an impermeability approaching 90% 

in the built up areas. Except for one small packing plant, the entire 

city uses septic tanks for waste water disposal. Water supply comes from 

wells. (See Figure 7) 

1 
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Major water related problems include: 

1.	 Salt water intrusion in aquifers near the city and limited future prospeets 

of expanding water production in the shallow aquifers of the savanna belt. 

2.	 Waste water generation approaching the capacity of· the river to assimilate 

oxygen demanding material. 

3.	 Poor soil conditions for use of septic tanks except on sand ridges. Increasing 

impermeability of built up area results in increasing problems of flooding by 

rainwater when high tide blocks drainage of streams and rivers. Flood water 

contains contaminants from septic tank overflows. Pumping stations being 

built will transfer contaminated water more rapidly to the rivers and will 

forgo the use of wet lands tor natural treatment of the waste waters. 

Opportunities in water management include: 

1.	 Major investigation into the use of surface water for future needs of both 

the aluminum industry and Paramaribo. The proposed Phedra dam on the Suriname 

River below the Afobaka dam represents one possibility. 

2.	 Design of a waste treatment system for Paramariboihich makes maximum use of 

connected settling ponds and swamps/marshes for processing of affluents which 

meets or exceeds quality requirements for agriculture, fish culture or aquifer 

recharge purposes. 

Figure 7Water balanee tor PARAMARIBO 
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F. Drainage zone - "dry" erop eultivation 

Early eolonial agrieulture was developed to use the low tide period 

for drainage by means of sluiees and to use the rivers for transportation 

Subsequently road oriented settlement and agrieulture developed followed 
the sand ridges. The ridges are eultivated and eropping extended into 

lower areas by the use of raised beds. This strategy of raising the land 

rathey than lowering the water was praetieed by Indians in the Galibi 

area in Pre-Colombian times. (See Figure 8) 

The major problerraof the zone are: 

Frequently erop losses due to flooding or high water table 

eurrently limits the produetive eapaeity of thousandsof full-and part 

time small seale farmers. 

Opportunities for eontributing to agrieultural prod~etivity and 

development through water management inelude: 

1.	 Lowest eapital and energy eos~would be ineurred in (a) rehabilitating 

plantation era sluiee drainage systems and medium sized farms growing 

tree erops and long eyele annual erops on raised beds; (b) providing 

road aeeess to under-developed sand ridge areas combined with use of 

raised field technology, requiring minimal drainage works to remave 

excess water. 

2.	 Intermediate capital and energy cost would be involved in integrated 

drainage district development with use of sluices augmented by 

pumping. 

3.	 Either of the above alternatives should be aceompanied by imaginative 

and aggressive efforts in experimentation and extension in water 

management and eropping system producing locally ar internationally 

marketabIe crops or animal products. As an example,combined product ion 

of fish from ponds, cassava roots and leaves, fruit (the palm 

Guilielma gasipaes as ingredients for feed concentrate for poultry, 

hogs or cattIe. 

i .. 
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Figure 8 
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G.	 Rice production zone 

Rice is produced on the heavy clay soils of the young coastal plain using 

irriQ:ation_ water from streams and swamDS uDstream of the Do_lders and 

drainage via sluices to downstream waters. 

Ta an increasing degree, pumps are used for irrigation and drainage. 

Emphasis now is on systems of farms averaging 20 hectares in size. FarlRS are 

heavily mechanized with seeding, fertilization and pesticide application being 
I 

done by aircraft. Development in Nort:West Suriname has exceeded availabi1ity 
" 

of water locally . As a result, a canal is being built from the Corantijn 
3river to the Nickerie area to bring 30 to 50 m /s of pumped water to permit 

expansion of rice production. (See Figure- 9) 

The production of rice on an export oriented scale has resulted in the 

following problems: 

1.	 The building to extensive systems of roads, ditches and canals, 

associated with rice product ion has caused major disruptions in the 

flow of fresh water into the coastal system of lagoons and mangroves. 



l 

tol 
C o 
N 

tol 
.!::! 
Cl:: 

....o
tol 
U 
c 
.S! 
Cl .a 

- 20 

lilc: 
0.. 
Ö 
0o 
~ 

-

.S 
o 
a:: 

-

c: 
0
:;: 
e
ët 

....... 

lil
 
ClI
 
:E

/ 
.!:!-lil..
 
a. 

UI 
ClI 
"Cl 

-:~..UI

0

"Cl 
c: o ..
 
ClI 

~
 
, l

~ 

..
 -ClI
o 
~ 

j 
. I 

"C 
ClI .. 
Co ..
EjO
a.J 

1...
 



l - 21 

Such systems linked to the sea serve as major nursery areas 

for economically valuable fish and shellfish. Productivity 

can be gteatly reduced by the elimination of the upstream 

input of freshwater, nutrients and organic matter. In addition, 

polders have been extended up to the coast in the Coronie 

area completely eliminating the lagoon and mangrove communities. 

2.	 The use of the pesticides with no controls over type, and the 

use of aerial application, has had a negative effect on fisheries. 

This effect has not been quantified. The application technique 

and the types of chemicals used should be determined. 

3.	 Investment in large scale, mechanized rice cultivation represents 

a use of scarce development capital and a future commitment 

of costly resources. The opportunity cost of this investment is 

the net benefits which could have derived from investment in 

drainage in support of dry crops. 

Opportunities in water management in the rice product ion areas: 

1.	 Encouraging a shift to more economical hand spraying of pesticides 

in response to actual pest outbreaks rather than scheduled 

aerial spraying would significantly reduce the rate of pesticide 

use. 

2.	 Introduction of techniques of integrated pest management would 

further reduce the amount of pesticides entering the aquatic 

environment. Pesticide regulation and training in their application, 

would entrance the complementarity of rice cultivation with 

fisheries . 

3.	 With the advent of fully integrated pest management options are 

the production fish in conju~tion with rice as practiced 
~ 

in Asia or in the U.S. (Louisiana with crawfish) if economically 

attractive: 

4.	 In areaswhere dry season water is scarce and expensive,rice should 

be rotated with a broadleaf cropsto facilitate control of grasses· 

Rice,rotated with soy bean, is a common example. Grass - specific 

herbicides mayalso be used. 

, 
..1.". 
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I 
WATER LAW - ENVIRONMENTAI. CONSIDERATIONS 

Concepts 

Maintenance of the quality of the water resources should be the 

guiding principle of regulations. In this way the maximum number of 

options for the productive use of water downstream are preserved. 

The design of a body of laws and regulations governing the management 

of water is not the task of a lawyer, hydrologist or ecologist working 

alone, rather it is an interdisciplinary task involving all interests 

affecting or affected by the water resource. 

Specific areas of concern 

Upper watershed. The integrity of the water supply function is para

mount, whether infrastructure exists or not. When the capacity to back 

sophisticated studies wi th strict enforcement, exists, theQ standards can be 

used. For example, a road must be designed to cause no more than a 

given increase in sediment generation and only certain types of development 

along the road will be permitted. In the case of most countries,prohibi

tions of certain activities is more certain to provide protection. Prohibi

tions should be based on realistic assessment of the land's capability 

to support specific activities without degradation of water production 

functions 

The designation of hydrologic reserves as a legally defined national 

use of the land can help protect infrastructural developments. Additional 

designation of areas as national parks, reserves and recreation areas 

lends credibility and prestige to the protection function. 

In addition. users of such resources become advocates and allies 

when powerful interests threaten the integrity of the water resource 

protection function. 

Dams and reservoirs. The right to just compensation for people displaced 

by a reservoir should be guaranteed.Such guaranties should take into 

consideration the real needs of the affected group whether it be money, 

land with particular environmental characteristics or assistance in 

adaptation to new environments. 
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Compensation should extend to those deprived of water and those,.hose water 

supply has been degraded. For example, those living dowstream of the 

Afobaka dam have had the flow regime and water quality affected. Ideally 

such determinations should be made as part of initial benefit/cost and 

feasibility studies. World Bank and the Inter Amer{can Development tianK 

(IDB) will provide this assistance if specifically requestea. 

!DB has specific "Guideline for preparation of loan applications in 

environment al management" which is designed to provide loan or grand 

funds for such purposes. 

Ic may be of value to establish guaranted minimum flow and quality 

requirements as a means of assuring that downstream productivity_ is 

maintained during construction and operation of a ~ater contral structure. 

Industrial water use. The most important considerations in regulating 

industrial or any other water discharge are not absolute quality·parameters. 

Rather, the effect in the receiving system should guide regulations. For 

examole. above 40 degrees latitude a temperature rise of IU'c for power

plant cooling water may be no problem, and may even have bèllcficial affects. 

However, in the tropics where ambient water temperature may alreaay be near 

the absolute upper limit, such a temperature rise woula be aisaséerous. All 

regulations should be based on analysis of the receiving ecosystem's toler

ance to the discharge. Human considerations enter as weIl. If downstream 

fisherman depend on the ecosystem for survial, concern is different than 

if a sport fishermen's recreation is affected. 

Industries may produce toxic substances such as cadmium or mercury. 

Such substances are damaging at a wide range of concentrations regardless 

of the receiving ecosystem. Rigid standards are applicable, in contrast 

to such discharges as organic matter, sediment, or nutrients. 

Agricultural water use. Regulation of pesticide use should be guided 

by its behaviour in the receiving ecosystem, the effects thereof on uses 

of that systern and its presence as resistence on the product. In the 

absence of specific local research, extrapolation should be Dased on the 

best available scientific judgernent. Training to help farmers use 

pesticides economically - that is, just enough to achieve control, will 

go a long way toward reducing downstream problern and contarnination of 

products. 
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Training requirements. 

Training in.environmental management takes various forms . 

.\ 

! 1.	 Decision makers - The goal is to convince them that development is
 

served by intersectorial cooperation to mitigate effects of one
 

sector's activities on another.
 

2.	 Technical level professionals - They"must understand the concepts 

and principles of ecology and environmental management weIl enough 

to know what specialist help they need and be able to judge the 

validity of specialist's reports.They must than be able to trans late 

concepts and reports into concrete actions. 

3.	 Extension agents and fiel~ technicians - They must understand why 

they are taking actions and have skilis to take samples or teach 

a farmer by example how to recognize a specific type ~f pest 

damage in rice. 

The OAS project should focus on the professional level in water resource 

management. The"terms of reference of the personnel in the following 

section provide an outline of professional training requirements. 

Professional requirements: 

1.	 Fisheries biologist: 4 weeks
 

Tasks:
 

a.	 Assess the relative merits of managing natura 1 fisheries as compared 

with or complementary to aquaculture. 

b.	 Advise on the water management considerations for different 

aquacultural systems 

c.	 Outline field level training requirements for fisheries development. 
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2. Systems ecologist 6 week 

Tasks: 

:' . 1: 
..IUii {... 
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....' "', Î 

.... :.-:;'. 

a. Provide an ecological input tq water management planning"'reHftè'á"

to watershed management, industrial water use, agricultural 

drainage and irrigation, and water resource quality for fisheries. 

b. Coordinate an interdisciplinary field course 

ment for water management professionals 

in environmental manage

,3. Waste management ecologist 6 weeks 

Tasks: 

a. Assess the existing septic tank system and the effects 

health and aquatic ecosystems. 

on human 

b. Provide a conceptual design for waste water management in the 

Param~ribo area utilizing to the maximum natural ecosystems 

c. Conduct a training course for technical personnel that would be 

involved in executing a treatment system. Consultants should 

be included. 

4. Estuarine ecologist 

Tasks: 

5 weeks 

a. Provide a detailed assessment of the effects of present rice 

product ion at the interface of freshwater and coastal ecosystems. 

b. Recommend comprehensive water management strategies 

agricultural and fisheries production. 

to accomodate 

c. Conduct a training course for professionals in the management of 

development activities in the estuarine environment (urban, 

industrial, fisheries + agriculture). 

5. EnviroElJ11ental 

Tasks: 

law specialist: 3 we'eks 

Work with an interdisciplinary committe in producing a 

coherent legal framework for water management (environment al 

aspects). 


