


INTERIN TECHNICAL REPORT

PART T: INTRODUCTION AND PASIC DATA

(Section I - Introduction)

1.I.1 - HISTORY OF FROJEQT

The initial request for UNDP(SF) assistance in the field of
water supply and sewerage in Surinam was submitted through
:f?the Regional'Reﬁresenfative, UKDP, in December 1967, with
the Ministry of Publie Works and the Ministry of Health
designated as the responsible government agencies. Titled:
"Master Plan for Development of Publie Water Supplies and
Sewerage in Surinam", the request was reviewed by several
of the United Nations specialized agenclies and subsequently
was re-submitted in September, 1968. Further amenduents
were effected prior to another submission in December, 1963.
As a result of a UKDP/HHO Agency Review Mceting, agreement
was reached to provide a joint WHO/UNDP Preparatory Agsist-

ance iission which was charged with tho following responsi-
bilities:

(a) the assessment of the Government's interest in the

project and their potentialities to provide counterpart
contributions and staff;

(b} the evaluation of possibilities of follow-up investment,
including local funds and external assistancey

{c) the assessment of the Government's resources to CArTy
out the project and their views on the content and
eXxtent of the Netherlands assistance in this respech;

(d) the evaluation of the impact of the project on general
' development of the country;

(e) the review and amendment, as appropriate, of the CGovern—
ment's request, and preparation of a work plan for the
rProject;
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(£} the evalustion of the need to initiate the project by
prelininary operations,

(5) determination of the availability in 3Surinam of techni-
cal and other information on the present and potential
wWwater supplies, usage and management.

The miszion accomplished the above tasks during March,
1969 and reported its findings (in draft) to the UNDP Admini -
trator duringg£pril, 1969. A revised request for the 3-year
project and an application for approval of a preparatory
work program were alsce prepared by the Mission.

The UNDP allowed project operations to start through a
partial alleocation in August, 1969 under "pre-project acti-
vities" and officially authorized project operations in
October, 1969, the Project Nanager having arrived at the Pro-
dect site in Sepbember, 1969. The zoverning Council gave
its spproval to the project in January,l1970. Subsequent:i«
to official signature of the Plan of Operations on 30 Ccto-
ber, 1970, the project was declared operational as of 3% No-
vember, 1970,

I.T.2 - QRCGANIZATION OF PROJECT
The UNDF{SIF) project provides assistance to Government

in carrying out the investigation, planning and design of
riped water supply and sewerage systems for comrunities in
the Lower Surinam river basin (excluding tbe city of Parama-
ribo) and the heavily populated coastal area, as well as
selected inland communities. The following results were
expected:

(a2) The Government would have an sverall plan of phaged de~
velopment of water supply and sewerage systeme, on the
bagis of which future detailed plannines could be carried
out and budgetary decisions made within the context of
naticnal development plans;

{(b) The Government would alse have the necessary {inancisal
and technical documentation for mobilizing investment
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capital for those water supply and sanitary scwerage
constructicn projects identified as most urgent.

The principal operations and methods of achieving the
objectives of the UBNDE(SF) projects are listed in the follo-
wing paragreaphs.

inciuding:

(I) Studies of existing water supply and sewerage installa-
tions, and organizational and management institutions;

(II)Projectior of long=term water demands through year 2001
for domestic and industrial needs; and forecast of
proposed sewage. digchargess;

(III)Evaluation of avallable and Potential sources of ground-
water and surface water, including hydrological studies
of data available for bthe whole area and hydrogeologi~
cal investigations in the Lower Surinam River #asin and
coastal area;

(IV)Water balance study in appropriate areas;

(V) Determination of main features of the proposcd water
supply and sewerage systems and identification of prio-
rity of their implementation.

The program of development would consist of two stages as
follows:

(a) Interim Stage: This stage comprised works to be com—

pleted during the proposed development period of 1971
through 1981. Certain high priority construction works
would be expedited in advance of other projects.

(b) Ultimate Stage: Works in thig stage would be expected

to be fully operational by the year 2001.
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Engincering and Economic planning of the water supply and

sewerage systems in the Lower Surlnam River Basin and coastal
area identified in the phased programme as most important,
including; topographic surveys and gceological investigations;
alternative cutline designsg and preliminary estimates, as
well as fipancial and orgsnizational studies and economic
evaluations needed for loan applications;

Detaliled designg of those water supply =znd sewerage systoms

identified during preiiminary planning menticned in para-
graphs (2) and (3) as boing reguired for Interim Stage deve-
lopment. Detailed designs would include preparations of do-
cuments required for construction, namely; detailed drawings,
specifications, material lists, ete. Model designs of water
supply systems would be adopted for small inland communities;

Organizational and WManagerial Studies in connection with Lro-
posed water supply and sewcrage development. These studies
would lead to the preparation of recoumendations on modifi-

cation or strengthening of management, legislation, operating
and firancing practices to meet the future necds of the coun-
try;

Training of Local Ztaff, providing for fellowships for ad-
vanced tralning of professional personnel in the specialized

fiaelds of sanitary engineering, public utility organization
and management and hydrogcology.

The areas included in the project were initially defined as
follows: |

Supply Group I. The metropolitan area surrounding, but not
inciuding the c¢ity of Paramaribe; consisting of

Kwatta Leidingcn Nieuw Amsterdam & Voorburg Koewarasan

iarienburg Uitkijk Jarikaba Aldkmaar
Houttuin Spileringshock Meerzorg
Tamanyedjo Jagtlust Domburg

end, the industrial centres including: Paranam, Billiton
(Onverdacht) and Smalkalden,
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Supply Group II. The provincial centres of population princi-
pally in the coastal arcas of the districts of Nickerie,Coro-

nie, Sarszmacca, Marowijne and In the northern extremity of
Brokopondo, including:
Groningen and Tambaredjo Corantijnpolder <¢Calcutta and

Brokopondo Hildesheim Tijgerkreek
Kampohg Baroe Brownsweg Klaaskreek
Alliance Wageningen Totness
Groot ¢r Xlein Henar Albina Koengo
Paradise

Supply Group IIT. The smaller remote communities in which
future development is expeécted.

Scope Work for the Various Groups of Compmunities.

Supply Supply Supply
Group Group Group
I 1 11X
Investigations:
Full investigstion and cvalua-
tion of water resources % B « -
Reconnaisance only - _ - X

Congideraticons(minimal analy-

sis only) - x X
Frojection of water demands X X X
Water balarvcce:(a)full pe - -
{b)tentative - X X
-Survey and Planning Water Supply
and bistribution Systens x x -
Topographic and geological
engineering surveys b4 X , -

Preparation of alternative
outline preliminary designs
and preliminary estimates X - -

Detailed designs:
{a)those that will be in
service by 1975 K - -

(b)type design and model
specifications - X i

{(c)those that will be directly
connected to the projected
Paramaribo city systemns X - -



Survey snd Planning Scewe-—
TAge OySLoms

Topographic and geological
englneering surveys

Study of possible systems,
ineluding experiments and
tesgts for:

{a) main urban arcas

(b) other sclected urban
settlements

Treparaticn of outline designg

srd preliminary estimates

Supply Supply Supply
Group Group Group
I I ITT
b4 - -—

X — —

-_ e il
x X -

* might be incorporated un a small scale,

Detailed designs(for only

those sewerage systems that will
be connected To the projected Pa-

ramaribo sewerage system)

Heconnalsance survey of
surface drainage,Paramaribo
peripheral arca

i

b4

i1f warranted.

Subsequent to a field visit by the representative of the

Community Water Supplies unit,

WHO,Ho Geneva,

Activity Plan was revised (See appendix I-1). Based on
vatlon and experience obtained in the field, the definition
of Supply Group I areas was alse revised to reflect actual

conditions existing or anticipsated for the areas. The compa-

rison of projects arcas is shown as follows:

the rroject
obser-
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Supply Group I
P.A.M. Report Grouping
A.Paramsribo Metropilitan

S.W.C. Present and Potential
breas of Supply

Actual (8F)Frojeet Grouping

4 .Paramaribeo Metropolitan

3.W.C.20nes,including
West FParamaribe and South-
cagt Paramaribo.

Leidingen Kwatta Kwatta-Lelidingen,inciuding

Koewarasan
Uitk.jk (+Jarikaba)

Houttuin

Jarikaba Weooncentrum
Uitkijk extension(?)

Kocwarasan fAugmentaticn

dcerzorg Pad van Wznica West nro.l
Jagtlust Fad wvan Wanica West no.Z
lew Amsterdam(+Voorburg) Comyewljne Service Area,
darienburg including

Alkmaer feerzorg

Spieringshoek Jagtlust

Tamanredjo Nieuw Amsterdsm

Domburg Marienburg

Alkmaar
Spieringshoek
Tamanredjo (7)

Note:nll above communities will
he included in final design
phase, with possible except-
iong shown as(?)

Total 1987 degign population
(cxcluding S.W.C.Zoncs =
100,0040).

dtvlies only for:Domburg and

Houttuiln.

B.Burinam KHiver Tndustrial Arca B.Surinam River Industrial

Area.
Paranamn Studies only for Paraonam
Ritliton(Onverdacht) Onverdacht and Smalkalden
Smalkalden gince the industrizl com-

Plexes have provided for
all future expansion.



I1.7.%~ INTERNATIONAL AND GOVERNMENT STAPFING STRUCTURES
Designated az the Dxecuting Agency was the World Health
Organization, and the United Nations was named Participatlng

Agency. The participating agency was given the specific res-
ponsibility for the groundwater and hydroleogical elements in
the project following signature of the Tetter of Agreement
boetweern, U and WHO.

(See appendlx I-2 attached).

International staff assignments were as fecllows: Arrival

Expert Tationality Agency gSpecialised Fleld Dates
S.G.8erdahely U.S.0. %.H.0. Project Manager — 5-9-G9
G.K.S3tapleton U.K. U.N. Drilling

Superintendent 12=-3%=70
V.E. Dixon Canada U.5%. Senior Hydrozco-

logist 16-4-70
E.Pitters TeS.a. WeH.G. THater Supply and

HWastewater engi-
neer 27-6-70

As shown in the conformed Plun of Operation, the preject did
not include the services of a consulting firm for assistance
in the various operational tasks. This departure from usuzl
practice in UNDP(SF) projects executed by WHC had not been
previously attempted. The inherent advantéges and disadvanta-
ges of this approach will be discussed in the final reports
for the project.

Short-term consultative services were provided by W.H.O.con-
sultants in the following fields: Management and Industrial
Waste Pollution.

The findings of the Management consultants are attached
as Appendix I~3. The report of the consultant in industrial
wastes has not been relcased by PAHO/WHC for distribution at
this time.

For Government, the Ministry of Rural Government and Decentra-
lization was given the respongibility for the project's ad-
ministration and implemcerntation. Specifically, counterpart
assistance was provided by the Water Supplies Section, with
the Surinam Vater Company also contributirng as recersary. The
groundwater exploration program rccelived assistance from the

Geological and Mining Survey of thse Kinistry of Development.
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Cther Ministries, including Health, Gencral Affairs, Finsuce
and Public Works also provided assistance ag reqguired.
Adminigtrative Coordination with UNDP was through the
Liaison QOfficcr of the Plan Rurecau.

Project iddministration by the Exccuting agency was
channeled from the Froject Wanager level through the office
of the Country Representative of Far aAmerican Health Crgs-~
nization. The PANC Country Hepresentative was responsible
to the Chief, PAMQO Zone 1, whose office is 1in Caracas,Vene-
zuela. Tne Zone (Gffice, in turn, answered to the Director
PuHO/WHO Regional Office in Washington, D.C. U.85.4. The
Regional YUffice worked through the Direclor, Division of
Ervironmental Health, world Heslth Organization Hoadguarters,
Genevs, Switzcrland, which was the office responsible for
officiel contact with the International Agencics.

The Participating Agency's channel was through the
Chief, Section for latin America, Office of Techniecal Coo-
peration, United Nations, with advising scervice provided
by the Water Resources Division, Department of Resourcesg and
Transport, United Nations.

Representation by UNDP on the project level was through
the Hegional Representative, UNDP, Trinidad.

Close communications were maintained with the staff or-
ganizations of the Execubing and Participating Agency. Dis-
tribution of monthly project staff meeting minutes provided
up-to-date information for those agencies. Field visits by
the PAHO/WHO Zone Inginecr, a roview visit by the substan-
tive officer of WHO,HR, and also &a review visglt by the sub-
stantive officer of UKOTC, provided staff guidance.

Administrative functions such as persornel actions,
fellowships implementation, €guipment procurement, ctc.
were handled separately by the Executing Agency and Farti-
cipating agency. No conflicts occurred at the project level
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umerous conferences, meetings and dizgcussions were

held between project staff and principsls of government
sgencies znd also orgaunlzations in the private and milita-
ry scctors with regard to the problems, procedures and
views connected with various aspects of groundwater explo-
ration, water supply, sswerage and related fields. By
incorporating these activitics with direct observations,
study of local conditions and procedures, together with
review and cvaluation of a nunber of reports and documents,
it was possible to formulate proposals and reach conclu-
sious walch are specificz2lly related to local conditions.

The overriding objective was, of course, to organize
the project tasks so that the *indings, reconmendations,
feasibility study, reports and designs could be coordina-
ted to 2 maximum extent with existing facilities and pro-
grams, while keepirng the institution-building aspects in
vigw as well.

Following determination of basgic criteria, approxinate
boundaries were delineated in order to establish leogical
areas for groundwater investigations and watcr supply and
sewerage service zones. Concurrcntly, preliminary planning
comrenced; and gpecial emphases was placed on those areas
where investigation and/or improvements were mosh urgently
needed. This zpproach zllowed for preparation of final
designs and documentation without waiting for preparation
of comprehensive plans or master plans, although consist-
ency with these pian doncepts was malntained.

Special emphesis should be made concerning the ratio-
nale for development of comprchensive plans and related
documents. The need was continually recognized to provide
3 reasonable level of scrvices cssential for the promotion
of sound community growth, including protection of health
and provision of bases for comsunity development. Furbther
the most economic solutions were sought, taking into
account the applicable technological aspects, availability
and limitstions of manpower ard moterials, and oxisting
deslrable local practices. This was donc in arder to meet
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basic needs at the lcast cost, commensurate with Surinam's

availzole finpncizl resourcos.

L.0.5.-8TRUCTURE CF THE IETRRTIY TECENTICURL REFQORT

The report rcpresents an interim statement covering the

available comprchersive planning aspects ag well as the IR
rezl project status at the mid-point in the 2-year project Li-
fe. Purthcr, the report assesges the major provilem arcss, eva-
luztes progress to dete, snd views the potential of meeting
proposed goals during the second hself of the project.

This rcport consists of the folloewing two volumes:

(I) Volume I. This volume cncompasses the writben text of the
Interim Re,.ort.

(IT) Volume II. This Volume contains the drawings, tabies and
other appendices considercd necessary %o
supplement the written texs.

Metric system units have been used in the report wherever
applicable. However, standard practice in the design of water
systems irn the country has becen to express pipe sizea in
inches and %o express pump ca@acities in gallons per minute.
Aeecordingly, thege units have been used in designs and in
this report. Some of the background material is also eXpress-
ed in English eguivalent units of measuremont.



FabRT T ¢ (WTR0LUUTION AND 3abIC L. Ta

(Scetion 2 - Hasic Data)

I.2.1 - IHTRCDUCTION

The inclusion of cortuin basic data about Surinsm ar=@ the
project areas is considercd to be of interest and value, par-
ticularly as these effect water supply and sewerdge considera-
tions. The data covers general data; history; climate; gpeopra-
phy, topography; economics; and populatior =nd industrial

growth. Data covering goology is covered in Part T1.

GERERAL DaTa

Surirsam i1z one ¢l the throe autonomous ard co~zqual parts
of the Kingdon of The Nctherlands, a sovereign state compri-
s'ng The letherlands, Surinezn ard The Netherlands Antilles.
curinam by itself does not consitute a soﬁereign gtate, z2nd
the same holds true for The Netherlands spd Tho Netherlands
Aatilles individually. The Charter for the ingdonm cf The
hetherlands, wnich was ratified on December 15, 1954, allows
each of the three countries to conduct its own inbernal inbe-
rests autonomously and independent. Consulation of the other
two countries is required only 4n matbters of comnon intorast.
The head of state is Her Majesty Quecn Juliana of the Housc
of Orange Nassnua,

Kingdom affzirs arc cirried out by a Council of &Linisters
of the Kingdom, composed of the ¥inisters appointed by Her
Majesty the fueen and the Ministers Flenipotentiary appolnted
by the Governnonts of Surinam and The Netherlands intilles
respectively. The latter have a right of veto. In such cases,
matters are referred to a specisl CQouncil of five Winisters
including the Frime Minister of the Council of the ¥ingdon,
the Minister Plenipotertiary and = Finister or obher repre-
sentative of the Government concerned.

Surinam is a parliamcnbary democracy. A Governor ig
appolnted by Her Majesty the Queen zs hor personal reproscenw
tative. An Bxcceutive Council of Ministers is headed by =
Minister Presidcent and is responeible to a Parliamernt (Stam
ten van Surirpame") of %9 members, elected by wmiversal suffra-

8¢ overy four years. inimum voting Age 18 2% years. Surinam
hs

5

1ts own Constituticn and Laws, an independept Judicial

I
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Fatem, 1ts own morclary and fises sysltem, its owr budget
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and independent financial responsibility.

Compulsiry education is required for sll children up to
12 years of age. All primsry educztion in public or denomi-
national schools is free. Literacy rate of the country's
population is 70%. In the capital the rate iz 90%. There
are about 400 scheols of which 40 are estadlished to edncate
isBerindians. Schools can be divided into the following ca-
tegoriez: high schools, private schools, junior colleges
(administration), teachers training cclleges, university
with judicial and medical faculties( the latter being affi-
liated to the University of Leiden, the Letherlands), tech-
nical sclools, anéd agricultursal schools. '

Duteh is the official language, but English is widely
spoken snd Spanish, French, and Germen to a lesser degree.
Vernaculars zre spoken =as a geans of interracizl communi-
cations.

There 1s frsedonm of recligion in Surinam. The frotestant
and Roman Catholic religions predominate amongst the Crecle
population, Hinduiso amongst the Hindustani; Muslinm anongst

the Hindustani znd Indonesianrs.

Communications are provided as follows:
Telephones aver 8000

Fress : 4 dalily, % non-dally newsapapers. Several
pericdicnls. ANP(Nctherlands News Agency).
Radio : Government-operated radleo =2tation conncets
with all parts of the world. Telesx and tele-
phone comrunication with Western Burope, the
G.2,A. and some Caribbear Countries.
Broadcasting: Total 5 stations (in Farsmzaribo 3%).
Televigion : one station

In connection with ftransportation therc are cpproximately
1,000 niles of paved and =1l weather roads; zand 700 miles
of rural reads, ag well ss 750 miles of nsvigable rivers

and canals.



I.2.3. - LOCATIQON OF PROJLCT STUDY ARBA

A location map showing tha study srea is included aa

Appendix 1,4

I.E,h. - GEOGRAPHY AWD TOPQLAAPHY

The country of Surinem is aituetzd on the North-Last
coast of Sguth fmerica, bebwegen 2° and 40 # latitude and
c'],0 cRG 1 : - e T .
Sk end 58% W lonpituds, bordersd by the Atlantic Ocean
to the north, French Guisns to the east, Guyane to tho
woat; and the watershed of the Acarai FHountains, the DBoundary
Mountains and the Toemak Hoomalk Founbains scparatca the country
from Drazil to the South. Tho total area of Surinam is 62,000
sauers mileeg, with spproximetely 215 miles of coastline and =
distance from the coastline to the Brazilian Dorder of 310
miles.

The ecosatline of Surinam stretches almost east to west,
dircetly south of 49N botween 5U° znd S7% . It is bound by the
estuaries of the two major rivers, liarowijne snd Corantijn,
which form the limite of %“he Suriram territory. Yho total
coaztline distance of 215 milss is subdivided into three parts
of 90 milug, 50 miles and 75 milzs by the mouths of the two
other large rivsers, the Suriname and the Copponame.

In 1947-194L8 the Asrial Survey of Surinam made available
an accurate map of the coastal area, and other photo
reconnaigsances ol the coast werc madc in 1956-'57 and in
1966. These data permit an accurate assessment of the loeation
of the coast. From older surveys only the data concerning the
inhabited parts of the coast ars relisble. In 211 other cascs
tihhe cartographic description gives an impression of the state
of the ecoast but not of its position.

Avout 30% of ths country's area, inecluding a 60 mile wide
coastal plain proper risecs only a faw meters above mean Jea
lsvel. The southern mountain ranpe ané some mountainous areas
in the c¢center (¥ the country, covering about 20% of ths aresa,
rise ahove 200 meters with only small areas more than 500
mataers hiph. A fow pealts exeeed 1000 meters; but the remnainder.
of the country { about 5% )} has altitudes betwsen 100 moters
end 200 meters.

A mangrove forcat covers the low muddy coast; but a few
sandy ridegcs or beachss arc found, mainly in the sastorn port
of the coast. Apart from somz temporary szitlements of fisher-
men, the only inhsbited constal arca is around the village of
Totncss in the district of Coronise batween the Copponsms ond
Corantijn Rivers. Formor plantetions border tho coaat east of
the Suriname Rivicr, where the warappa, Matapicn and Tocripa
canala intersect the coast, cast of the micksris River.

The ecormstsl erca (A,000 sq. milea) between ths estuarivs
of the rivers consists of vast swemps, extends approximately
15 miles inland in tho wast and L0 miles inland in the wsst,
and includcs som: higher sandy ridrcs. South of this plain e
slightly higher zone (3,000 sg.milcs) ncross the country is
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covered with o savammah-liks vepotation on 2 sandy soil,
The rost of the country is covercd with a deonss tropical
forest,

The swamps, thz dense forest and thce numerous rapids
and waterfalls in the rivers have greatly hampored pene-
tration into the country. Of the totzl population roughly
75% livos in the capitel of Paramsribo and tho aurroundlnb
districte of Suriname end Cormewiine. Another 15% src living
in tho coastal pluin with coucentrations near Albine, along
the Saramacca Ri vﬁr, in the district of Coronie and around
¥icuw #ickorie, Only 5 %o 10% have asstbled furthor inland
along the Marowijne, Surinems and Saramacca Rivors,

In the proximity of itas mouth sach of thoe four main
rivors is jolred by a smaller ons. Throec of these, the Comme-
Wwijne, Saramacca, and ¥ickoric, flow genserally south to north
in the inland but at approximately 10 milcs fram the coast
they develop a sudden bend and run parallel to the coazst in
their lower reaches. Thoy combing with othor small rivers such
as the Cottica and the iaretalka.

The sourcecs of the Harowijne and Corantijn Rivers and
their tributsrizs ars mai.ly located in thz southern halfl of
the country which is divided into two halves by the Bilarts
de Haon ifowmtainsg. Thres other rivers, the Surinams, 3Sara-
macca and Coppenome, spring in the centrsl mountains to flow
northward between the two border ztreams. The smellor Comme-
wijnc and LMickorie Hivers rise in the north-castern hiils and
in the Bakhuis Mountaina rcspoetively., The Commewijne and
Saramaccs Rivers join with the larger Suriname and Coppename
rivers to form combinsd mouths across the coast.

In a similar way the Nickorie Rivor flowsg into the mouth of
the Corantijn River.

Cantehment areans of the mein rivers are as follows:

Coranti jn 26,500 9. mileﬂ

#Hickerie - 3,700

Coppename - 7,700 " "
Sarsmaccs - L,600 " "
Suriname - H,200 " "
Commewi Ins - 2,600 " "
Marowi jne - 27,000 ¥ "
“ana - L,Loo0 " "

Approxim&t 1y 25% of the oqtchmwnt arcn of the Corantiin
River is situated in Guyana, and hOp of the ierowl jne area
{plus the whols of ths Msna River} in French Guiana.

lore than 55% of the country is drained by the Corantijn
and #larowi jne Rivera, Their catchment arcas are malnly aitu-
ated scuth of the central mountains at a latitude of MDAS'N
sbout 160 miles from the cosat, The remoining 40% of the are
is divided up in the elongated S3W - NEE cetchment sress of
the other rivers in ths northern helf of the country. '
(Swe Appendix I - 5.
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.2.5. -

Charceteristic of the Surinam Rivers sre the great number
of rapids and falls., Their geologicsl origin appeara to lis
in the differcnces in herdnsss of the bedrock, faulting snd
the occurence of hard bagic intrusives., In gencral the falls
are low, forming dams in the rivers which 1imit tidal intru-
slion, with streteches of deeper watsr in between.

In the constal plain the estusries arc deep with muny
mesnders through muddy flat bonks. 511t penctrates into the
lower ruaches of the ostuzrics ond is deposited in the arsa
vwhere fresh and saline water moot, forming shallow banks
and bars in the zonc.

CLIMATE AND RAINFALL

Surinem has = tropie climate with two roiny seasons por
yoear, »f which thc shortor onz is rather irregular and some-
times herdly occurs at all. Secasonzl variations of tempeorature,
humidity and wind conditions at Paramaribo ars very small.

Day temperature variations are minor, with an averagz of
approximately 27°C (B82CF); and the relative humidity is fairly
constant at approximstely 80% North-east trode winds are gentlo
the avcorezge wind-force is avproximutsly 1.2° Booufort.

There have been no tornadocs or hurricanss. The differences
betweon the scasons mainly avpear in the information shout
cloudiness and precipitation. Evaporation is highest during

the dry seasons when it excoeds the rainfail. In general,
tempoeratures in the interior are slightly higher than along

the coast,

Rainfall detn over 30 years arc availsble from a number
of stations moinly in the coastal plain. further inland a
number of roin gauges was set up in 19690 and 1961. (See
drawing includsd as fxp}‘)(};}’ldi}i I-—S Shgwing the information avnil-
able and location of 17 stotions in Surinam.) A detniled dis-
cusgion of precipitation is provided in a later scction.

The Suriname and Commewijne Estuaries are found in the
coastal] area. The former is connected to the Saramacca Latuary
vin the Saramac-a canzl, forring a transportation link betwecn
Paramaribo and hicuw Hiciceric, The Canal provides water for
irrigation purposss for the agricultural areas along the Sara-
macen basin., It iz cxpscted that some 00,000 huctarcs of land
in thisg ares, extending to ths industrial arsea to ths south,
will sventually be developsd agriculturally prineipally for the
production of rice and banonsas.

Upstreom on the Surinsme River 2t Parsnam, Onverdocht and
Smalkalden arc the sites of the country's major industry, an
aluminum complex whieh dispatches larpe volumes of bauxite and
processed producte up-and-down-river, Its prescnce as well as
its promincnce in the industrial ficld contributes greatly to
the social and economical 1ife of the ares.

1.2.6., - DESCRIPTION OF SUPPLY GROUP ARHAS



1l.2.6.1, ~ Supply Groﬁp I ~ Paramaribo Metropolitan Area.

The eity of Paraomaribo, the capital city and scet of govern-
ment is located sbove th: juncture of ths Suriname and
Commewi jne Rivers and approximately 10 milss from ths ocean.

3

The arca contiguous to tho urban arca of Paramariboe,
whose present and future socic-sconoric status ars depondent
upon and c¢losaly connectsed with that urbon aresm, is comprised
of the 19 communities listed previously in the paragraph
entitled: "Preparation of the Long-Torm Dovelosment Programme".

In addition, and completing the metropolitan aren, as
defined by the Praparatory fssistance Misasion, is the Suri-
name River Induestrial fLrca, situated about 20 milss south of
the city »f Parameribo. In this srea are located the communi-
;ies of Paranam, Onvardacht and 3malkalden along the Surinams

iver.
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1?2.6.2. ~ Supply Group Il - Coastsl Frovineial Communitiss. Ths second

group includcg smaller urbanized areas, located in ths
woeatern repion of Surinam snd includss the communitics of
Wageningen, Groot and Yaisin Hespar, FParadise and Corantijn
FPolder. These togzthor with Totness form a rural complox,
hoving apricultural prodvets and thesir cxposrt as a common
basz, the ¢ity of sow Wickeris with its harbor and port
facilities for smaller ocean vessels is tho natursl outlet
for the products of its srea, and as such is th: focel point
for its prescnt and Ffuture cconomie activity. Further to the
enst along the Daramaccn River are the agricultural communi-
ties of CGroningen, Tamanredjo, Tijgerkreek, Caleuttz, Kempong
Baroe and Hildesheim.,

To the south of the Paremaribo metropolitan area
approximately 60 miles, are located the communitics of
Brokopondo, Llaaskreek, Lombo and Brownsweg. The preszent aond
futvre moein economic interest of this group is in agriculture,’
with through mining and foresting.

To the ecast of Paramaribo 2long the eoastal region, in
which there is both industrinl and agriculturel activity,
ore located ths communities of Allisnce, #Aillenstein -
Ligaporance, #“oengn end Albina. The first three communitics
are situoted =2long the Cormmewijne River, the natural outlet
for the bauxite of Hooneo and the agricultural products of
Alliance a2nd thsperHCQ Albina on the Marowi jnc Hiver,
reprosents the sastern gateway to Surinam from French Guiana.

According to ths FP.a.#,, the agricultursl snd industrial
activity in Group Il arcas will ersate new demands for
public water supplies and scuwcrape facilitics in various
comruniticzs in kespling with population expansion as these
activitics develop.

The lerge deposits of bauvxite found in the western
reaches of the country south of Hicicris, hove plans
generated to develap this entire rogion,
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The Government is investigesting the possibility of s UnDP{SF)
project covering scveral aspects of development in this area,
Large guantities of water for irrigatisn and hydroelcectrice
power will be reguired. [t is expected vhot soms 80,000
hoetarcs will be involved. While this mev have great sconomic
benefit to the entirs country, the grestest impact will be

in the Nickorie arca whnere it is quite important to explors
the water resosuress In ard to preparc for bhe vrovision of
safe potable water for domsstic puposes.

I,2.6.3. - Suprly CGroup III - Smnll Remobe Communities.
The smaller communitics situated along or necr rivers, zre
quite remote from the lorper centrss of population. Theas
villsges mre, for the most part, inhabited by bush nugrass ond
fmerindians, and boeausa of their soclal and cultural tradi-
tions ars clustesred in very small groups of relativsely static
socinol and cultural development.

I.2.7. - HISTORY And POLITICAL DoVELOPM.iT

Although fimsterdam merchonts had been trading with the
"wild coast" of Gulsna es carly as 1613 {ths name Parmurbo
of Paromoribo was alrsady known at that time), it was not
before 1630 that 60 English tobacco plantors came to what is
now Surinom under Captcin Marshzall. The actual founding of
the colony was attributed to Franeis Willoughby, fifth
Baron Willoughby, of Parham, governor of Barbados, who dis-
patched on cxpedition under finthony Rowss to £find a suitable
place for settloment. Rowse was the first governor (1651 -

1654).

Barom Willoughby visited the ssttloment from flarch to
Moy 1652 and Trom Wovemher 166l to May 1665. By Letters
Patent datod June 2nd, 1662, Charles IT had granted
"Willoughbylond" to Franeis Lord Willoughby and Lawrence
Hide, second son of the High Chanczllor Edward, Earl of
Clarendon, and their heirs and successors. It became an
cgriculturzl ¢olony with £00 small sugar plantations, popu-
lated by 1,000 white inhshitants and 2,000 4frican slasves.

Jews from Holland and Italy joined the colonists; and,
in addition, those who originally miprated from Brazil after
ths finel cxpulsion of the Duteh in 1661, as wsll as those
who werce driven by the French out of Coyenne in 1664. On August
17 th, 1é65, those colonists obtained from Lord willsughby, '
now called ths patron of Surinam, a spccisl grant, the first
of its kind mcde by an English Governmant to the Jews.

On February 27th, 1667, Admiral Crynssen

conquered the colony for ths states of ZAselsnd; and
Willoughbyfort becsme the present Fort Zeelandia. flthough
the iInglish recongusred ths colony on October 1%th, 1667, =
second cxpedition under Crynssen regained it agoin Tor the
States of Zecland. By the poasce of Breda - July 31at, 1667 -
it had becn agreed that the eoslony should be restored to the
Hetherlonds, while Now Amstardam (Wew York) should be given
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1.2.58.,

to Bngland. In 16H2 the States of Zecland sold the colany

to the Dutch Wwegst Indis Company, and the States Genersl gave
thelr sanction by granting a charter to the Company., In thoe
following year this company s01d twWo-thirds of the shares to
the town of iAmsterdam and ons~third to Cormslius van Aersssn,
Lord of Sommelesdyek, whose hoeirs in 1770 s-ld their ghare to
the town of smeterdam. The colony was conguercd agaoin by the
British in 1799 gnd remsincd wnder British rule until 1802,
when it was restored to the FHetherlands by the peaec of
Amicus. It again became a British colony in 1804, =2nd not
until the pesecs of Paris in 1851 was it finally restored o
the Netherlands.

Slave trading came to en end in the 19th contury and
slavery wag abolished in 1863, To comply with the demand for
plantation labor, lohaorsrs from Chine were brought in under a
iabor contract. When this experiment failed the “etherlands
Government entered int»o an agreement with the British Govern-
ment which would oneonle people from India to come to the
ea3lony as contract lsborera. Altossther sapproximately 3,000
lsborers from India came dvring the period between 1873 and
1918, of which some 12,070 returned home sfter their contract
period expired. Thz rest stayed In the ecountry and setiled as
farmers.

With the labor Immigration not runaing as smoothly as -
was expected, the hketherlands Govermment in 1894 started a
new experiment, this time utilizing laborers from the island
of Java (farmer Methorlends gast Indica, now Indonesinj.
Similar to the Chincse and Hindustani, they first came as
contract laborers, but after 1930 aa fres laborers. 4 total
of 33,000 emigratcd to the colony of which cbout 8,000
returned to their native country.

the Javanese (now called Indonesiana) formed the last
large influx of "foreign" clement into a population adapted
to absorbing peaople of varying racial origins. This absorbing
procoss rogulted in the formation of 2 new group of poople
cnlled "ersolos", the doscendants of intermarringes botweon
menmbsrs of different groups. They reprssent sll shades and
colors, from black tn white,

- CONSTITUTIONAL DYV LOPMINT

In 1942 Queen Wilhelmine of the Wothorlands in a radis
broadeast from London made a pledpe to the peospls of ths
cverseaz bterritories ¥ thnat the time had ¢me - and that as
soon asg ths war was over - the “ethearlands would grant moro
independence and a grecter share in the administration,

Heither Dutch Guisna nor the idetherlands Antilles were
occupied during the war, Becauss the mother country was
oeccupiasd, Duteh Guians and the Wethsrlends Antilles wero
actually carrying oubt their own sdminigtration.

Sinec 1922 the Wetherlonds Constitution refsrred to the
coloniss as overscas torritorics,
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l.2.9.
i1.2.9.1.

ifter the war Dutch Guiana and the Netherlands é4ntilles
sought to make the royal pledec effective, and in 1946 sent
delegates to the Hague to discuss the nocessary changes.

The constitution of ths dztherlends had to be changed,
but priosr to this the Metherlands Government proposed to the
States-General (both houzes of parliament) a change in the
"Stastsregelingen” {Constitutions of bBoth countries) so as
to give them as much s2lf government as wes possible under
the existing constitutison.

48 2 result in 19h8 important chanses wers made which
became cffective nt ones. The overseas terrvitories cculd now
p2ass thelr own budpots and =2 provide for the necassary
funds that werereedd to improve administration, the sconomic
comdition improved repidly after the war. and more money
became available to accomplish the necessary improvements.

The final drafting of the over-all cherter for the
Ringdom into a Statute law, giving complete self government
in internal affeirs, wos complaeted. 1t was the wish »f the
country to maintein the existing relationshir with the Crown
of the Notherlands on sz basis of equality.

The threc parlizaments ratifiecé the Statute without
srrositionland the Queen »f the sietherlands rroclnimed tha new
Statute for the Kingdom in = Joint mesting of both houscs
of the #etherlnads Parliament on Yocember 17th, 19&Bh,

The nsw Kingdom wos characterized by the principle that
cach of the countries administer its internsl affrins
autonomously and that each is committed on o basis of
equality to the administration of their eomwon interest and
to mutual assistance. ‘ney have the ripht to determine theirp
owr: constitutions, to reviae sand amend them, suh ject to the
condition that they do not impair the interests and the
genoral princivles (human rights and fundamontal freedom)
cammon to the kingdom as a whole.

& number of matters which are of gaual conecern t3 all
parts o>f the Kingdom and therefore require to be administered
in & uniform manner by orgsns of the Kingdom are described
in the Statuts as "Kingdom 4ffairs®. The most important are
defence and forecign relations. Surinem and the Hetherlands
Antilles have far roaching powers which in some instances
amount €o o vote, in theses matters.

ECONOMICS

Hatural Recsources

TR o e e o e ol -y o

Minercls sre of mezimum importance among the main
nitural resosurces, and bauxite is ths most tmportant.
Besides the reserves that are being developed by two
companies, a new reserve of some 400 million tonsg has boon
loeated recently.

Proaduetion of gold is continuing on a smell basis with the
introduction of soms mechanical gold mining. In addition,
deposits of sver five billion tons of lateritic iron ore



L.2.9.2.

have been discovered. There are also occurrences and
indications of beryl, ambligonite, camsiterite, chromite,
copper, dizcmond, hematite, itabirite, kysnite, menganese,
mica, platinum, nickel, ete. Indiecations alsoc point up an
ebundance of glass sind and kaolinite

The preat water power potential in the rivers represcnts
anothey important nztural ressurce. £ hydro-electric power
plont with 2 capacity of over 150,000 kilowatts has besn in
operations sinecc October 1945, Other hydro-clectric powsrp
projects with total capacity of 2,000 megawatts ars presontly
being studied by povermment shd are described in more detnil
later in this report.

Virgin forest areas contaln several hundred timber
species, and the very fertile coastal arsa produccs boranas,
rice, sugar cane, citrus, coffe, cocon, papaya, passion fruist,
aste. '

dn Lil and gas exploration progrom is being conductsd
of f —and-on shore in Surinam. 0il hos been encountered in

small quantities on-shore at depths varying from 220 to 600
feet.

Industries

The prinecipal industry is the minine of bauxite and
processing of the ore, Howevar, the ma]orlty of the eauntry's
working populstion ars employed in agriculture or =2re on the
government peyroll; the romainder is scattered through the
principal mining and Hanufacturlng industries cnd commereisl
enterprises which are centered in Paramaribs and Nickerie.

Following is a list of most of the industries:

a/ Three basuxite and two caleined-bouxite plonts, alumina
reoduction plant and cluwminwm smelter, mechanical gold-
mining, plywood and vartiele-hoard plants, saw mills,
elay-brick and cemsnt-brick foctories and a cement
factory.

b/ Hanufacturing plants for pre-fabricated houscs, paint,
aluminum and glass jalousie windows, venetian blinds,
wosden and steel furniture, carpets, men's clothing
and shirts, shoes, doterrents, plastie products, corru-
gated cercbonrd boxes, raner basgd, oxXygpen, matches,
¢cipnrs, cipgarsttea, clectroniecs, lomps, ete.

e/ Boat bullding and repa2ir facilities.
a/ Shrimp-freszing plant, ics-monufecturing plants, cold
gtorapo units. dent-pregerving foetory, milk-pasteuriz-

irg plant.

e/ Wine and apirits distilleriecs, beer brewery, soft-drink
bottling plants

£/ Hargaring asnd odible o0il manufaocturing plants,
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Tho key economic indicators and characteristies are
shown in the tables attached as Appendix 1 - 4.

Surinam is the only South Americen country whieh ranks
28 an nasasciate mesmber of the Europesn Commun Community,
French Guiana enjoys its associnbion with the wCC through
the Fronch departmental structure.

POPULATION FORECASTS

Some disparity exists asmong the verious forscasts of
population growth for Surinam, and these seem to vary with
the agency preparing the forecast. Since the numbers of users
of individunl water supply and gewera, ¢ systems tends to be
small, i.e., = design total of coproximately 50,000 psrsons
for a 15-year design period rapresentg the larpest single
design total, minor veriations in the netual growth rate will
not present significant problems in design,

although the usual volues of growth ratss are 3.08%% op
3.44%,2 relatively conservative Tipure of L% wes adopted for
water system design purroses ond this was based on the
following date:

Sguree Estimoted % ITnecrease
General Bureau of Stotistics 3.8

(for tobtel national growth)

Ministry of Agpriculturc

(for total natismal growth) 1963-197L4 3.0
198L-2C00 h.3.
UNDP P.A,.M. Report Naotional 3.8 to .0

Pafamaribo up to 7.0

These percentape incroase valuss ars uszd to provide
projections demographicelly and assume nos change in net
migration, utilizing ths neti-nal growth of ponulsotion
estimated on the bosis of spe, fertility and mortality rates.
Graphical vrofections srw shown on the drawing attached nog
Appendix I - 7.

While the aggregats number of inhobitants in the country
is amell, (the 1964 official total presented by the Genoral
Bureau of Statistics being 324,211,and the total for 1967
cstimated at 363,000 by the Planning Bureau in the Mocro-
Heonomic Review), exset ecurrent figures arc almost impoassible
to obtain, The principal reasons offered For this are:

(2) the imer-indian and Bushnopgros population is not "repis-
tered” and (b)) sxccet numbers of people migrating within and
out of the country sre nat Lnown.
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- POPULATTON DISTRIBUTION AND GROWTH

Tho densely popul~zted urban ares of Paramaribo, whoge
1951 "boundsriss™ ineluded aporoXimately 1,700 hectarss was
8xpanded in 1965 to an arca of about 5,000 heetares, and may
be further enlarred by 1975 to 1hL,500 hectares. The preseont
1970 porulation is estimated by the Plan Sursau at approxi-
mately 200,000, This repressrts somewhat less than 50 per
cent of ths tatal population of the country. The vrojected
1975 and 1985 populations for the ity are estimatod ot
270,000 and 410,000 respectively,

The 1969 population af the 15 ecwmmunitics cutside
Paramaribo but contigusus to that urban arca was esbimated
{(by ths P...H.) at 52,450 irndicating past annual growth rates
of 3.h to 3.6 per cent. This would bring the 1959 populsation
for the Group I Paramarib-s Metropolitan draa to 252,450,
which repressentesd approximately 65 per cent of tho total
povrulstion of Surinam.

Based on an annual growth rats of 3.5 por cent in the
orea oulside of the urban area of Parsmaribo, together with
the projocted population for that aregz, tho prajected
populations in 1975 and 198% for the Groun I Popasmaribo
Metropolitan Aren, are estimoted ot 343,300 and 507,800
respectively.,

The prescnt populatisn >F tho Group II areas include that

- of the districts of hiclcerie and Coronie, the apricultursl

communities zlong ths Saramacea River ond in the Srokopondo
district, =nd the group of ipdustrial anc apricultural
communiticosesat of Peramaribo ond was cstimated at 59,300
in 196l. Population recards of rceent years for thaeae
separate areas indicate annual growth rates of 3.8 to 3.9
rcr cent,

Therefore, using an averope annual growth rate of 3.8
per cent, the 1975 and 1985 prsjccted populetions for tho
Group Il sreas spe estimated at 65,200 and 93,900 regpectively,

in the numerous smell settleoments compriging the Group
I1I areas, ths present population is ostimated at 20,700
which cannoct be considered os relisble because of the great
Aifficulty in obtaining records. For this reason, no attomnt
has been made to forscast populatisns in this seetor,

Tt has be=>n sstimatcd by planning authorities and the
Bureau of Statistics, that some L5,000 to 43,000 inhabitants
regide in arons virtually inaccessible by land transportation,
This population securs in tho scatisred smail villages which
are remote from any channels of communication and ean only
be reached by boat or on fast from the airstrips in the
interior.



PART IT. HYDROGEOLOGICAL INVESTIGATTONS

II.1 INTRODUCTTON

Rydrogeclogical investigations were underway in April 1970 rollow-
ing the arrival of the Hydrogeologist and Drilling Juperintendent, Some test
drilling was done before this time, beginning towards the end of 1963,

There exists in Surinam s weslith of data cn groundwater and related
subjects. These data have been vsed to the full extent in crder %o arganize
a comprehensive exploration Programme .,

Investigations have been concertrated in Group I areas, with activi-
ties extending southward inte the Savannah belt in order to understand more
fully the resgional hydropeciogical regime. Activities will be extended inteo
other areas particularly the Group II aress in western Surinam during the
last year of the Project.

It hae been possible to recognize a nunber of important aquifer zones.
These are generally distinet units, so muck so, that the major technieal findings
are discussed in this report on an aguifer zonc basis.

The practical aspects «Ff tne Fndinzs as they apply to the develop-
nent of groundwater suppliies are discussed in the final section,

IT.2 PREVIOUS INVESTICATIONS

Exploration for sroundimter began in Surinam in 1903 when the first
deep well was drilied st Sivaplein in Paramaribo to & depth of 164.5 m. The
well produced eight to ten litres rer mwinute of water with a chloride content
of 268 nopm,

Test drilling was carried ocut along the railway from 1928 to 1930
folloving whieh it was concluded by Van Welerman, who supervised the expliora-
tion, that a Supply of water frr Faramaribo would Sost be obtained at Republiek.
Wells were drilled and in 1933 water was piped to Farsmaribo. Records »f water
levels and withdrawals have ceen kept gince that time by the 3uriram Water
Company,
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An evaluation of &}l drilling data was made in 1950 by 4'Audretsen,
This led to an exploratory drilling programme carried out by the Geologicel and
Miring Service in which Y3 wells were driiled and tested over a pericd of 1h
years. Interim reports ~n this vrogramme were published by 4'Auvdretsch {1953 )
and van Loon {1958,

Mere recently drilling for water hag been done by the Burinam Water
Company, the Ministry of Building and Braffic, and the Ministry of Rural
Government and Decentralizetion in additicn io the Geolngical and Mining Ser-
vice. The data from 1358 have not been published but mogt of them are in the
files of the respective organizations.

1.3 METHODS OF INVESTIGATION

Ir.3.1 Inventory of Exiszting Data

There exists a wealth of deta related to groundwater in Surinam.
Various vublications in which data is listed are outlined in Sectien
1T.2, and in the bitliography. Probably the most valuable informm.
tion 1s contained in the records of the test wells drilled by the
Geological and Mining Service (GMD). A list of these test wells is
c¢ontained in Table TT-1, Inciuded in this table are the aquifer
zoncs tested and the average permeability coefficients and specific
capacities determined from the limited pumping data contained in the
reports,

Records of three short pumping ftests have been made available to
the Prcject, These include tests at Onverdacht and Republiek run by
the Surinam Water Company (8WM) z2nd a test run by Buralen on a (oe-
sewljne aquifer that has been excavated to mine the waderlyirgr
banxite. A repori of the consulting f1rm Legrette and Drashears o

A

the Peranam wells has been promised by Suralco.
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I1.3.2

The Surinam Water Company has provided hydrographs of water lev-
els in the Republiek wells ang nearby Coropina Creek for the years
1933 to 1954 and data on water levels in cbservation wells and
Coropine Creek for the years 1966 to 1969; the data from 1954 to
1966 is still to be nbtained from them.

Meteornlogical records are aveilsble for all years since 1931.
River flow records are available at the Hydrauiic Research Divigion.
A good summary is contained in the "Surinam Transport Study, & Ro-
port cn Hydraulic Investigations,” by the Netherlands Engineering
Consultants in 1958. Unfortunately there is very little informa-

tion available on the flow of astresms that originate in the Sawvan-

nah belt.

Test-Drilling and Well Construction

Four drilling rigs ore being usged by the Project. They are the
property of the Geological and Mining Serviee and the Ministry of
Rural Govermment and Decentralization.

In the first instance a truck mounted Failing Combination rotary
rig, Model 1250 purchased in 1966, together with a small quantity of
spare paris, was provided by the Ministry of Rural Government and
Decentralization. (This equipment was originally opecrated by the
Water Supplies Department of the Ministry of Public Works). A
limited amount of drilling equipment, & small stock of steel casing
and pl.. "ic pipe of small Aiameter were also available.

A treiler mounted Failing rotary rig, model 2500 with a OMC tow-
ing truck, purchased in 1967, together with a ressonable gquantity
of gpare parts, was mzde available to the roject by the Geolomieal
and Mining Service. Alseo, good stocks of gtecl casing, o varietby
of drilling equipment and accessories and o trailer mounted auxil-

lory pumping unit were provided,

IX-3
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From the middle of 1970, preparations were put in hand to bring
back into service z trailer mounted Failing rotary rig, Model 15Q0
purchased in 1949, the property of the Geological and Mining Service,
Apart from thoroughly checking aver the rig, repairs were made o
the enzine generator and electrical system, the hydraulic eylinder of
the drill head, the mast ard the rear end of the trailey chassis,
¥Whilst the unit wowering the rig, a BUDA diegel engine, wag in a
faiy condition, it is unfortunate that it is a model which is now
chsolete,

A% the end of 1970, the Geological and Mining Service provided
a Solite rotary prospecting rig complete with accesscries, for
special service in connexion with the exploration programme.

An estimate of the present-day capacities of the drills is con-
tained in Table II-2.

The organization of personnel in the drilling section is 11lus-
trated in Table II-3, The Orzanization Chart shows the opbtimum
utilization of personnel; the strongth of manpover has never been
congtantly ag shown. Not all the persommel mentioned joined the
Poject at the commencement of drilling operations.

By arrangement with the Geologieal and Mining Service, one of
their Dfilling Superintendents has been loaned +o the Project in
particular occasions, to perform reiief duties, as showm in the
chart. This step has proved to be of immense value to the IProject,
in that the man chesen, possessed an extremely good working know-
ledge of the mechanica of drilling and workshop practice,

The Chief Driller of the Geclogical and Mining Service atfach-
ed to the Project is a good, prectical man with considerabic ex-
perience in drilling., The Brillers and Assidsgtant Drillers will be
a1l the botter fof moere guidance in drilling pra tices, coupled with
training in testing technigues associated with groundweter exploration.

IXas



It was originally envisaged that single shift working would take
rlace during the initial stageg of arilling operations, utilizing
two rotary rigs, Then, as scon as practicable, to increase the
working shifis on each rig to two {16 hours daily) and ultimately
to three {round-the-cloek working). Unfortunately it has never
been possible to increase the working hours beyond eight on each
rig. In unusval and special circumstances only, a limited amount
of overtime can be worked.

The knowledge acguired by a Tew menbers of the driiline crews, of
how to construet a borshole, was mueh appreciated, when demenstrated
at the commencement of rroject activity. This achievement iz due in
part to the assimilation of previous training, but in the main, per-
baps attributable to "trial and crror” mcthods extending over a con-
siderable period of time.

With cerfain fixed cbjiectives 4in mind, training has been limited
to dete, in order that efficiency eould be achieved as gCon a8 pos-

sible, in sueh basic fundamentals as:

- viscosity and weight of mud in so far as wall building properties,
low gas pressure control, and settling of cutbings out of the
circulation are concerned,

- reducing viscosity of md and aveiding caving conditions,

- cement and clay sealing strings of casing,

- spot cementing and dump baller cementing in open hale,

- Weaswed back-Ti1ling of borehnles,

- inserting and recovering Johnson sCreens,

- developing »f wells; and

- recerding water level data during test pumping.
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I1.3.3

Perhaps the only tool introduced by the Project ss "new' is &
modified version of a surge block., Manufactured under suvervision
in a lccal workshop, it bas interchangeable parts to facilitate
operation in screen diameters of ' to 8.5/8,

Parts of a sand pump were replaced to make it serviceable., Tt
was found necessary to demonstrate its correct uae.

Varicus tools have been introduced in connesdon with casing and
borehcle cementing.

The probable use of casing of a non-metallic nature has been
actively discussed and appraised.

Several new Torm-type reports and log streets have been intro-
duced to cover the collecting of only that data, which is considred
essentisl,

A 1ist of the wells drilied is in Table II-4, which also con-
tains details of casirg and screens.

Well Construction Costs

Records of drilling and construction costs are being kept. Bascd

on reeords of Well 4/70, the cost to censtruct an 8-inch diameter
well, 90 m desep with steel casing and 14 m of stainless steel screen
would be about §T.10,500 (US$ 5,612). This envisages known condi-
tions and construction taking plaee in 28 days, but there is no
allowanee for depreciation of the drills and couipment. Costs for

a test well with only one aguifer tested would be similar exeept that
some . " the cogt of the casing could be roecovered, In fermg of
drilling the cost to drill and reanm oproduction well including po-
bilizationamicite preparation and logping would be Sf. 27/m (Ust
ihoblh) ond for a test well would be Sf. 12.60/m (US$ 6.66).

Well Logging

A Neltroniec well logger owned by the Geologiceal and Mining Ser-

vice is ot the disposal of the Project. It is capable of logzing

II-6
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I11.3.6

wells to depths of about 900 m.

The basic logger gives a single point resistivity and a self-
potential log  Excellent results have been obhtained though there
have been problems with the self-potential logging at times. Ex-
amples of logs reduced in scale are contained in Appendices 1I-1 to
4 inclusive. Tt is an excellent tool for correlating aguifers and
for estimating water quality.

The logger has & sccondary contrel ranel for cperating multisonde
and fluid resistivity tools, The multisonde has never werked. The
electrode and secondary control panel have been returned to the
maker for repairs.

A gamma ray unit is to be added to the logger. This will permit
the logging of cased holes. It will be possible to cdidenvdly 4L
clay and sand layers but not the quality of the water.

Pollen Analysis

A number of clay samples have been submitted to Mr. ALL.F. Amgtel-
veen, of the Geological and Mining Serviece for pollen analyses.
This facilitates ajuifer correlation in the coastal area. The cor-
relation is based on the pollen zones established by Van der Hammen
and Wijmetra for the GQuians basin.

Mechanical Analyses

Mechanical analyses were run on some of the sand sarples from
test drilling. The analyses are done by the Geolozical and Mining
Service under the supervision of Mr. L. Krook. The samples are
disturbed and analyses therefore arc not truly representative of the
sand. It hes been found that a No.MO slot screen is suitable for

most aguifers.

II-7
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IT.3.8

11.3.9

Permeameter Tests

A number of permeabilities have been determined using a Johmson
permeameter. Results have been variasble. The permeater can be o
usefl tool when samples are taken accurately, At TW 3/70, Taman-
redjc, a trensmissivity of 240 meﬁday wag apparent for sands between
24 m and 29 m BCL as determined with %he Permeamcter, whereaz the
transmissivity estimated from pumping test data was 210 me /day. At
Well /70, Leiding 94, the transmissivity of the aquifer from 72.8 m
to 87.1 m BOL was 2270 1 /day aceording to the permeameter tests
(permeability generally 140 - 190 m/day) and was 2330 nf /dny as eg-
timated from the pumping test (permeability 170 m/day).

Test Pumping

Most testing has been done ueing horizontal centrifugal pumps,
wvhich are ideal for short tests on the 4 ineh and & ineh diameter
test wells. This is made possible by the high wator levels in the
wells. The pumps are capable of pumming up to 5 1/s. At Groningen
and Ledding 9A this has been suffiecient to cause interfercnce in
nearby wells,

One majcr intcrference test was run using an 8 inch turbine pum,
belt driven from a tractor. The test was run on “ell 4/70 at o rate
of 29.5 lfs, he capacity of the pump. Interference wag messured at
6 distance of 2120 m. The results are contained in Appendix TI-5.:
A summary of the pumping test results is given in Table IT-5,

Water Quality

An spproximate idea of the water quality is obitained during pump-

ing tests by means of Field test xits for chilorides, pH, iron,and

conduetivity,

IX-8
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IT.3.10

All samples for chemieal and bactericlogical examination are
submitted to the Central Leboratory. Unfortunately analyses of all
the ions requested have not been dorne. Arransements have been made
recently by the Central Laboratory to determine calecium, magnesium,
sodiwn, and potassium utilizing a flame photometer owmed by thé
Ministry of Agriculture,

Up to the present,water gquality studies have been based on the
content of chlorides and the total dissclved sniids. When more eor-
rlete analyses are available, it is hoped to study the water chemis-
try in more detail particulerly through the use of trilinear grashsa.

Analyses of samples submitted to the Central Laboratory are given

in Table IT-6.

Groundwater Temperature

A study of groundwster temperaturc Trom the Genlogy and Mining
sService exploration data indicates that, in the coastal areas,
groundwater temperatures increase with inecreasing depth below the
ground surface, This is illustrated in Appendix IT-6, where the
points on each curve represent groundwster temperatures measured
from aquifers at the indicated depths for a single well. The tem-
perature increase i1s roughly one degrec centigrade for 30 to ho n,
which approximates the geothermal gradient of the earth's crust,
estimated at about cne degree centigrade for each 30 m of depth.

It is interesting that water temperatures above a depth of about
140 m in the area west of Paramaribo are lower then those to the
east. 'whis moy indiecate better recharge conditions to the west in
aquifer zones CII and CIIT and poor recharge or stagnant conditions

in the aquifers of zone CIV and below.

II-9



Ir.3.11 Ohservation Wells

A number of small diameter obscrvation wells are being drilled in
the Savannoh belt near Zanderij. The cbservations will be correlated

with precipitation and with the observebions in wells ab Republiek

to the south.

Ti. 4 GEOLOGY
TT. 4.1 General

Most of Surinam is compossd of ancient crystailine rocks of Pre-
cambian age. It is part of the Guiena shield. On the northern or
coastal flank of the shield o sedimentary aritesiasn basin extends from
the Orinocc delta in the west to the Amazon delta in the east. T%
contains Upper Creteeecous, Tertiary and Quaternary sediments above
the Precambrian bascment, which dip gently and thicken northward
towards the coast. The sediments arc thickest about 2,000 m near
the Corantijn rivermouth, where the basin extends inland approximates-
ly 150 km. Thicknesses on the shelf north of the coagtline are not
known.,  Sedimentation was characterised by repeated transgressions
and regresslons of the ocean. B8ands of loeal origin were deposited
In o fiuvio-deltaic envrionment, whereas contemmoraneous and inter-
bedded clays and sandy clays largely of Amazon origin were deposited
in a lagoon g-ativine,

lear Paramaribe, the basin exbends from the cozst inland to the
Savannah ares and terminates at the basgement, & distance of approxi-
mately TO.kmo The basement is at a depth of about 280 m at Paramaribo
With the exceplion of leceal bauxite inliers, the oldest sediments
that appenr at the surface are the Upper Cocsewiine sonds in the
Savannah belt. The clder sediments wodge out townrds the south
againat the rising bascment.

The geclogical succession is contained in Teble IT-7 and the sim-
plified surface geclozy is illustrated in Appendices TI-7, O and ¢

inclusive, I1~-10



Pollen CGround-

Lithostratigraphical Unit

., sand,

.

Pogasse, dark swampy clay,
streaks of sand,

Lelydorp. Sandy clays, fine
sorted =sands,

Para. Heavy laminated clays .
with intercalated fine & coarse :

g e ————  — —— .

Upper "white" sands. Very coarse,
unsorted, kaolinitic sands to
stiff kaolinitic{sandy) clay,
lignite.

A e e —

Intermediate c¢lays, Stiff kaoli-
nitic clay,green clay,orgamic
paterial & interbedded coarse
gand.

Lower psands, (A-sand of Guyana).
Coarse unsorted sands & kaolini-
tic clay, lignite.

eever e . {Bauxite interval)
Upper bauxite,remnanta of iron
cap, kaclin, kaolinite clay,
sands.,

| Lower kuolinitic clays,

Age Zone water
Zone
Holocene | Demerars
]
- Coropina
Pleistoene G-2
i
i
I
‘Pliocene G-1 ¢ I | Upper
- " T Coese-
¢ I - Wi jns
Miocene F g TII° Lower
- Cosge-
wiine
'Dligocene E ¢ IV
} o _ -
Bocens D Tpper
K - . Onver-
C dacht
Paleeocene: B Lower
Onver- 5
I dacht ...
- Upper - A
lﬂretacaoua
E'Precam-

| . m—————

occagdionally humic, coarse &
medium sands.

Lower consolidated sands & clays

Basament

Teble 1T - 7, Stratigraphic succession, after
Van der Hammen, Wijmstra, Montapgne
and Kpook, with groundwater zones

in the Coesewijne saries,



IT.3.3

IT.4.%

Demerara Series

The Demerars scrics of Holocene age congiste mainly of wmarine and
Tluviotile clays, swamp-clays, and sand bars mainly within the area
of the "Young Coastal Plain." They were devesited at levels varying
from about oresent sea level Lo + 5. N,.8,P, and axtend inland for
censiderable distances in the present river valieys.

Coropina Series

The sediments of the Coropina series arve of Pleistocene age,
cecurring in pollen zone G-2, Both the lower and upper contacts arc
unconformable. The series containg two parts. an upper Lelydorn
serics and a lower Para series separated by o hiatus. The Lelydorp
scries consists of fine, sorted, in places blcached sands and red
and yellow mottled sandy eclays and silts. The fine sands were de-
pesited for the most part as of f shore bara. The Para series con-
slsts mainly of heavy, finely laminated, stiff clays and humic clays
with thin filmg of extremely fine sand and with lenses of coarse,
unsorted sand,

The series crops out in the strongly dissccted "014 Coastal
Flain", the northern edge of which is marked by a small but distinet
rige of a few metres. It continucs northward beneath the Demevara
geries and near the coast it ig found to depths up to 30 m in the
vieinity of Paramaribo and 50 m in western Surdinam,

Coegewlne Series

The Coesewlline series takes its name from the "Coesewijne Savan-
rzh”, a name Introduced by Cohen and Van der Eyk in e classification
of’ the Savannahs. It is Mio-Fliocene in agze ropresenting the sedi-
ments of pollen zones E, F and G-1. Both the uppe and lower con-
tacts are uwnconformeble, An Upper and Lower series have becn
recognized, separated by a strong uncenformity.

II-11



IT.h.5

The upper Coesewijne series of Pliocene age falls within pollen
zone G-1. It crops out to form the Savammah belt aboub 20 km o
20 km wide along the southern edge of the coastzl basin. Tt con-
sists of coarse, angular, generally kaolinitic sand and interbedded
elay and sandy clay, with varying amounts of lignite. In the coastal
area the thickness is generally between 20 m and TOm., It is thick-
est in buried valleys that were eroded in the Lower Cocsewijne series.
These valleys Tollow approximately the positions of the exizting
rivers.

The Lower Coesewljne series of Miocene age, within pollen zones
E and F, does not crop out and probably extends southward only to
the Bauxite belt. The lowest vart consists of coarge, angular,
generally kaclinitic sand with interbedded tlay and sandy clay and
with varying amounts of ligrnite. Above this the upper part begins
with an extengive stiff clay layer up to about 40 m thick, which is
followed by stiff clavs, sandy clays and erganice clays with inter-
bedded coarse sands. The thickness of the Lower Coesewline serles
in the coastal area varies up to about 140 m but probably is thick-
er at and beyond the cosstline.

Correlating the Coesewiine series with sediments of the same age
in Guyana, the Upper Coesewline cdmpares with the Mackenzie "white
sand” formation, the upper part of the lower Coegewljne with the
Intermediate clays or Montgomery Tormation, and the lower part with
the A-sand.

Onverdacht Series

The Onverdacht series of Palaeocene and Eccene age is in nallen
zoneg B, C and D. The upper part of the serics ig important for its
tauxite. It consists of bauxite, kaolin, gands, and clays. The
bauxite formed during the hiatus that Tellowed the deposition of the

sediments, which has come %o be lmown as the "Bauxite Interwval.®
IT-12



Erosion was deep. It left a series of hills or mesas capped with
hard resistant bauxite, which occur in a belt, the "Bauxite belt,"
following the curvature of the southern margin of the hasin. The
hills ocecur above basement highs or where the basement surface
steepens ag it slopes towards the coast. The bauxite Iocally Crops
out but for the most part it is buried beneath Upper Coesewijne and
in places,Coropine sediments. The Bauxite belt is north of the
Savannah belt in the Onverdarht and Moengo areas but it is within
the Savanmah belt in Guyanao.

The Lowsr Onverdacht series of Paleocene age, in polien zone B
consiste of alternating sands and claya.

The entire series is thickest in the central part of the basgin,
In western Surinam the thickness is about B0OO m with the base at
approximately 400 m BGL.

IT. 4.6 Cretaceous Sediments

A thick serics of consolidated sands and clays with lignite zones
of Mpestrichtian age are the oldestsediments in the coagtal basin,
In the centre of the basin near the mouth of the Corantijn River
their thiciness is about 300 .

IT. k.7 Precanbrian

The basement complex if igneous and metamorohic rocks, which formg
the Guiana shield, continues bencath the basin scdiments. The glope
of the surface is gemﬁle in the south but it steepens beginning on

the north side of the Bauxite bel:.

ir-i3



I1.5. (QUIFERS
IT.5.1.General .
tquifer zones or groups of aquifers conform with the
main formations within the coastal artesian basin. For the
most part cach zone is a separate unit butb interc¢onnect-
ions exist in some locations.

The main aquifers are contained in the Coesewijnc
serieg in which it has been peossible to identify four
zones. The boundariess are stritigraphic but, because of
lack of fossil e¢vidence throughout much of the area, corre-
lation is bascd on superpesition, water quality amd head
differences. Each of the zones may éontain several aquifers
identifiable locally, bub they likely are interconnected
regionaliys

The distributiorn and relationship of the zones is
illustrated in Table II-7 ard in the maps and scctions

in A4ppendices II~-7,8,10 and 1l inclusive.

IT.5.2.0emcrara and Coroplina Zones

For the most part the Demerarn and Coropina sedimenis
congist of sandy clays and heavy laminated clays. Thin :
discontinuous coarsegrained sand formations that occur
at the base, at least in the Dauxite belt, cannot be Aiff-
erentiated from Zone ¢ I and therefore they are best in-
cluded in that zone. The Lelydorp sands, that occur in
places at the top of the Coropina series, are fine-grai-
ned and locally are a source of fresh water tapped by
dug wells for individual domestice supplies.

The only water supply system that obtains water appaw
rently from this zone is at Wageningen. The supply comes
f:om two wells constructed in a sand formation from 23 m
to 27 m B3L. Short pumping tests were run by the Froject
on one of these wells arnd the other was used as an obser-
vation well. From the test data a permeablility coeffilclent
of 7% n/day to R0 m/day was cstimated. The water had a |

ITE-_14



11.5.3.

chloride content of 224 ppm. Sandy layers between 35 m
and 40 m BGL in the polder area to the north may be a
contamination of this aguifer. In this aren the chiorides
are bhetween 165 ppm and 1128 ppm but the distribution iz
patehy.,

Coesewijne Zone C I

eI T T —

Zone C I has been recognized only in the coastal area,
whers 1t represents the uppermost asquifer in the Upper
Coesewijne seriss. It has been considered separately from
Zone C II largely because of the difference in water
quality. This is most apparent in seetion C - D of
Appendix II-10, where the chlorides in the hwatta-Leidingen
area (wells 21 and 22) are between 300 ppm snd 450 ppm as
compared with more then 2000 ppm in the Saramscca and
Suriname sections of Zone ¢ II to the west and east
respectively. Farther to the north the zone appears to be
mors extensive but it cannot be distinguishsed readily from
Zone C II (section A-B of Appendix II-10),

The two zones probably are connected in places. At rresent
it.is not possible to trace Zone C I southwards through
the Bauxite belt to the Savannah belt. In these areas it
may not be pozsible to identify it as a separate zZone

from Zone C IT,



In the Kwatta-Leidingen area the chlorides are a
little too high for the water to be attractive as &
source for public supplées when better water is present
in Zone C IIT below. To ths c¢ast near ths Suriname River
and at least ag far asg Tamanredjo the chlorides incroase
to over 1000 ppm. but beyond Tamanredjo they decrcase.

At TW 9/70 near the Commewi jne river an electrie log

indicates that water probably in this zone contains

¢hlorides less than 200 ppm.

At Nieuw Rickerie in western Surinam water from
aquifers in the depth interval 40 m to 50 m, which
likely belong to this zone, contain chlorides between

200 ppm and 420 ppm.

I1.5.4. Coesewiins Zone ¢ II

I1.5.4.1 Distribution and Thickness

The sanda of Zone C II, together with those of Zone
C I erop out to from the Savannah belt along the southern
margin of the coastal artesian basin. The Zons extends
northward in burried valleys through the bouxite belt in-
to the coastal area., It is not known whether it extends
beyond the ecocaatline. |
The distribution in the area of the Saramacca and Surie

name rivers is shown in Appendix II - 7,

The " =»izi. valleys, which contain the zone in the
Bouxite belt and the coastal areas, eppear to be the
valleys of the ancient Saramacca, Surinsme and Commewi jnc

rivera. The “uawrip” valleys of the Sarameces and Commewi j=-
IT=-16



no pivers sdean o ke wide as they peoss throush the

Bauxite belt bub the burried valley of the Suriname River
and the contained Zone ¢ II aguifer can only be three ki~
lometers wide at the most, where it passes through the
Bauxite belt nezr Paranam.

In the Savannah belt the thickness if from O m to a-
bout 20 m. It ftThickens neorthward and in the Bauxite bhelt
it probably exeeds 40 m in places. At FParanam the Suralco
vells obbain wover fran. the upper 19 m of aguifer below
2% m and to the west TW 3/71 interscets 14 m of sand be-
low 28 m and interbedded sands and clays that probably
telong to this zone to a depth of 67 m BCL. In the coast-
al area the thickness is up to 65 m in the depth interval
5> m te 100 m BGL;thus, ag 1t occurs in burried valleys,
it can be on the same level as the stratigraphically lo-
wer Zone C III in the intervening burried spurs.

IT.5.4.2Hydravlic Characteriatics

The hydrauwlic characteristics of thig aquifer can
only be deduced from old data from Republiek, some figu-
res obtalned about the Suralco wells at Paranam, and scabs
tered wells in the coastal area, where the water is bracks
ish and therefore unattractive for exploitation.

From records of a pumpiag test run on a well at Re-
publizk for 24 hours at 6 1/5 a permeability coefficient
of 55 m /day and a storage coocefficient of 8.0 x 1™
are apparent. The specifiec capacity of the well was
061/s/m but large entrance losses were =pparent, and
when corrected for a gpecific capacity of about 21/s/m
was obtained which comparcs with the permeability. Other
pumping data obtained for wells in this field indicate
specific capacities of % to 4 1/s/m, which suggests per-
mzabilities of V0 m/day to 90 nm/day.

at Paransm, Suralco operate & wells constructed in
thig zecne. The individual wells are operzted at 50 1/s8 to
60 1/s. The specific capacities are between 4 1/g and
Tia=17



17 1/s suggesting that the permeability c¢f the sands is
petween 300 m/day and 350 w/day. The sands fill a narrow
part of the ancient Suriname valley ag it passes through
the Bauxite belt, and it is reasonable to expect coarse
sands with high permeability.

In the coastal area the permeability caleulated Ifrom
the GAD data range from 34 m/day to 116 m/day. The wells

had specific capacities of 1.6 1/s/m to 5.7 1/s/m.

I11.5.4%.APiezometric Surface and Groundwater Flow

The zone is under piczometrie conditions averywhere
except locally in the Savannah belt,

In the coastal area the piczometric surface is vir-
tually flat at an elevation of approximately 1.5 m N3P.
To the south in the Zanderij arca water level clevations
of 2 m and 5.5 m N2P have been measured at effluent
creeks during the dry season when the levels are low.

The levels would be higher between the crecks and fzrbther
south. At Republiek gbout 3 km north of the Savannah belﬁ_
segsonal water level fluctuations have been recorded by |
the Surinam Water Company since 19%3. Water level eleva-
tions between Cctober 1929 and March 1930, before the
influence of pumping, varied from a low of 0.9 m KSF to
vz w H8F. These levels are low because of the proximity
of the effluent Coropina Crezk, where the corresponding
water levcls were 0.5 m and 1.8 m KSE.

The difference in the elevation between the coastal
area and the Savannah belt i1s very small. It is only
about 1.5 r if an elevation of % m NSF is assumed along
the northern fringe of the Savannsh belt. This is over
a distance of 20 km to 35 km.

To obtain some idea of the amount of flow, the Dsrey

€ uation has been zpplied with the following assunptions:
2) the 14 m thick sand layer intersected in TW 3/71 at
Rijsdijkweg continues to the east and west and has °

a Transmissivity of 2800 mg/day.
II-16



b)

Thce elevation of the plezcnetric surface is 3 m NSF
along the northern fringe of the Savannah belt and
1.5 m KSr at the northern fringe of the Bauxite belt
some zO0 km to the norfth giving a gradient of 7.5
cin/km.,

Then: g = TIL = 2800 x 0.075 x 1000 = 210 m2/day/ku.
1000

In spite of a high tronsmissivity the flow velume is

low because of the small hydraulic gradient.

II1.5.4.4y Recharie

A% Hepublick groundwater levels fluctuate seasonally

in relation to the precipitation. Records go back as far
as 1933, Not all of the data have been assembled for stu-
dy but from the information now available the following
points are pertincnt:

1) A hydrograph of the average water level clevation in’

the pumped wells shows seasonsl variaztions ranging
from 1.6 m to 4.2 u for an average of 3.1 m over
the 19 year period 1934 to 1952 inclusive.

2) A hydrograph of the cffluent Coropina Creek for the

3)

&)

same period, shows fluctuations ranging from 1.6 m
to 2.5 m for an average of 2.1 mn.

The fluctuation of the water level in QObservation
fiell No. 7, located on the northerp flank of the well
field, was 5.4 m in 1964. The average fluctuation

in this well for the three year periocd 1967 to 1969
inclusive wag only .5 m.

The average fluetuation in 11 obgervation wellas for.
the three year periocd 1967 to 1969 inelusive was
0.09 I, '

To obtain some idea of the amount of rechange to be

expected in the Savannah belt a water level rise of 3 1 is

considered as o reasonable figure. The aquifer at Republiel

IT-19



is under piezometric¢ conditions and the seasonal water
level increase of 3 m must represent an ippression csused
by recharge in the Savannah belt, which begins about

5 km to the south. In fact the increase should be larger
4t a distance of 3 km. (Aprlying the estimated storasge
coefficient of 8.0 x 10-4 for Republiek the % m repre-
sents o water equivalent of only 2.4 mm). Assuming that
phreatic conditions prevail in the Zavanpah belt and that
the sands have an effective porosity of 15% the %2 m fiuc—.
tuatien would represent a water equivalent of 450 mm or
about 20 % of the average precipitation of 2200 mm per
vyears In terms of volume the rechange would amount to
about 450,000 m5 Ler yearpgauare kilometer of exposed
aguifer. It is obvious from the high water levels that
the aguifers are full and that large quantities of ground-
water are discharged locally to effluent stresss and as
gvapobranspiration. Certainly the estimzted volume of
water flowing to the north (seec Section IT.7.4.3.) is
small in comparison.

II.5450ater Quality
The most noticeable feature of the water guality
is the change from fresh water south of the Beaixite belt
to brackish water in the coastal ares. There are inguffi-
cient points to fdiow the change in detail but it probably
takes place within a short distance along or near the
northern flank of the bauxite belt. The chlorides are
less than 10 ppm at Republiek and as low as 21 ppm at
Taranam pbut iu the coastal area they exceed 2000 ppm.

The existance of brackish water irn the coastal area,
would normally aseen umlikely when, unlike the lower
zones, this zonc crops out and receives recharge in the
Savannah belt. The most likely rcason is that sea water
entered the aguifer during the last marine transgression.
Tn Appendix I1-Y, the boundary of the (oropina Formation:
narks the limit of the young coastal plain and the ad-
vanpce of the ocean during Helocene times. It can he scen
that ocean water must have extended up the Saramacces and:

Surinarme river valleys into the Savannah belt, where i-

II-20



I1.5.4.6.

mast have mixed locally with the fresh groundwater. The
resultant brackish water would flow northward, particu-
larly after the sea regressed, and apparently is still
in the process of being flushed out, the process being
extremely slow because of the very small hydéraulic gra-
dient. Of interest is the difference in the chlorides
between Farsnam and Groot Chatillon. The high chlorides
at the latter location probably indicste stagnant water
in an embayument of the aquifer.

At TW 9/70 nezr the Commewijne River in Lhe coasbal
area the c¢hlorides are less tharn 20C ppm. It may be that
ocean water did no* enter the aguifer in the Savannah
belt south of this area or that the volume was small in
relation to fresh water in the aquifer. It is ali'. possi-
ble that the flow of fresh water in this ares is higher
than in the rest,

In end south of the Bauxite belt, where the water .
ig fresh and suitable for use, the iron content is up
To 1.0 ppm. At Paranan the pH is bebween 5.2 and 5.8

Nothing is known about the quality of water in
western Surinap. At Fieuw Nickerie water from aquifers
in the depth interval that may represent the zone cope
taine 421 ppm ard 450 ppm of chlorides.

Fotential as a Source of Water Supply

The zone is most important as 2 potential source of
water supply in the bauxite belt and the area to the - .
south and in \' c¢astern Conmewiljne where the water is
fresh.It.is mimportant groundwater zone because it re-
ceives recharpge and will be the potential source for the
Faramaribo area ir the future when the quality of water
pumped at the Zorg en Hoop and Leyswez well fields ulti-

 nately deteriorates.
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I1+2.5. Cocsewijne Zone € III

I7.5,5.1.Distribution and Thickness

The zone copprises the upper part of the Tower (oe-
SeWline series equivalent to Tthe upper part of the In-
termediste clays or Lonteoomery Tormation in Guyarz. It
consisis of several sand aguifers interbedded with clay.
The sand formatiorc appesr to be interconnected in rplaces,
It is separated from the lower Zone ¢ IV by 2 stiff clay
lzyer that zcts as an aguicluds regionally. The upper
part of thc zene is taken as the erosion surface that
separates the Upper ard Lower Coesewijne seriss. The pa-
sition of this surface is not widcely proved but it is
hoped to locate it mere aceurately by nesns of pollen.
The upper boundary as shown in the szoticns of Appendix
TI-10 is based on marked differerces in water quality.
This is particularly clear in the division sctween it
and Zone ¢ II in the western part of sectior C-T.

The zone 1s continuous from esst to west bat indi-
vidual sand aguifers are not necessarily continuous. In
this direction the thickness of the zone varies fron
about 20 m to 3 little more than 60 m in the depth inters
val of 60 m to 130 m BGT. The thinnegt parts are beneath
the thick Zone € II gands.

It is not known how far the zone extends to the
south but it is suspected thrat it does not continue
south of the Bauxite belt. It probably continues north-
ward beoyond the coastline.

Nothing is known about the zonc in western Surinam.
Because it is considered equivalent to the upper part of
the Montgomery Formation in Guysana 1t should be preosent
in western Surinam. Sand formations were intersccted by
Well 36 at Totness from 59 n to 153 m BOL, but they
were not tested and it is not known whother they repro-
sent Zone € IX or ¢ IIT or both. At Nickerie two agui-
‘ers were intersected betwesn G2.2mand 112 m BGT, which
right belong to Zone ¢ ITT.
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Much of the zone thickmess ig clay. The sand agui=-
fers generally are up to 15 m thick. The thickest known
aquifer appears to be 33 n© of sand intersected by Well
4/70 frew 69 to 102 = BCL, but this probably is o com-
plex of more than one sandg icreation. To the scuth at
Santc-Bora (Well 37) the zone congists slmost enterily
of clzy.

I1.5.5.2.Hyc¢raulic Characteristics

Fermeabilities calculzsted from GMD data ard from
linited pumping tests range mainly from 10 m/day to 70
m/day with corresnonding specific capscltics up tec 3.3
1/s/m. Wost of the values probably are low because they
wer¢ calculated using the Thiem equation. 4 high permca-
bility of 15% m/day was calculated for 3 4 E sccetion of
agquifer at Koewarasan and a section ondy one meter thick
had a value of 261 nm/day.

The most comprehersive punping test wis run on
Viell 4/70 at Leiding 94. The well was punped for V2
hours at 29.5 1/s and neasurements were rode in T
1/69 ot Stolkslust, a distance of 2120 1. The average
cooefficient of permeability mas 170 w/day ang the coefll-
clent of storage was 2.1 x 10 « Details of this test
are contained in Appendix II-G.

11.5.5.3,Piezometric Surface and Groundwater Flow

The aguifers are everyvhere under Riezometric con-
ditions with water levels in the coastal arce generslly
d L to 3 m BGL, a little more thar cne meter lower thsan
the level of the underlying <one o IV.

The plezometric surface is virtually flst ir the
area betwecn the Baramzcca and Surinenme rivers, where
the zone is best explored. Small diffcerences fror place
t& place probably are duc to differcnees in arometric
pressure or tidal leozding at the time of reusurcment,
The lowest level of 1.40 1 ESE, measurcd at 79 1/69, the
©ost northern well, is consistent with a northerly flow,
Bt levels ot Well 4/70 {1.75 m ®of oand Fell 24,(1.8% n
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luch of the zon¢ thickness is ¢lay. The sand aqui-
fers generslly arce up tc 15 m thick. The thickest known
aguifer appears %o be 33 & of ssnd intersected by Well
4/70 from 69 to 102 © 500, bub this probasnly is a3 cope-
Plex of pere than cne zand fermation. T the scuth at
Santo-Rors (Well 57) the zone corsists slmost enterily
of ciay,

.00 Hydranlie Charccteristics

Permeabllitics calculated from GML dats ard from
lizited pumping tests range n2inly from 10 n/fday to Y0
/4y with corressonding speeific capacitics up to 3.2
L/s/mi. #ost of the values probably are low bhecause thoy
were cziculated using the Thiem equation. A4 high permea-
Lility of 15% m/dey was calculated for a 4 1 section of
aguifer at Koswarosan 2rd o sechion only one ineter thick
had = wvalue of 261 t/dew.

The mopt counprehchsgive pusmping test wigs run on
Well 4/70 2t Leiding 9A. The woll was pumped for 72
hours at 29.5 1/s ~nd pedgsurcrents were made in TW
1/69 at Btolkslust, a distance of 2120 r.. The average
cooefficient of porme=bility was 170 m/davy and the coeffi~
clent of storage was 7.1 x 10_4. fetails of this tegt
are contalned ir Appendix II-5,.

IT.5.5. 3. Flezonetric Surlaice and Sroundwater B1ow

The aguliers arc overyvhere urder piezometric con-
ditions with water levels in the coastal area generally
2 ote 3w BEL, a little more than ons meter lower than
the level ¢f the underlying wone C IV.

The piszometriec surfaceo is virtually flat in the
ared between the Barimaccesz and SQurinarne rivers, whenre
the zone is best oxplored. Small differenmces fron place
ta place probably sre due to diffsrences in baromctric
presgsure or tidal loadirg at the tine of measurencnt,
The lowest lovel of 1,40 m NBP, measured at 1,69, thz
nost northern well, is consistent with 2 nc rthcrly Ilow,
at levels =t Well 4/90 (1.75 o BED)Y and well 24 L1083
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ESF) are higher thin those a3t well Z1 (Lv. 1.67 @ J3%)

i
and ‘fell 22 (1.73 & EST) to the scuthwest.

IT.5.5.4, Recharge

1

-
Ioﬁ'o?o

There 1g no noessibllity of direct local recharge
to the agquifers. They gre all under piezometric cor di-
ticns, confincd betweern clay &gulcludes. any recharge
must erter zz a flow frow the south but zs yet it is not
known whether the aguifers have contact with upper zones

to the scuth where thoy crop out ond receive recharge.

The fest driiling prescertly being czrricd out a-
leng Rijsdijkwep in the bauxite oelt is designed zmeong
other reagsons to determine whether s connection deoes
exist. If there 1s =2 cconnection the Tlow of water into
the cocastal area must be very small beeause of the low

gradient that is evident (sc¢e Sectlon IT.5.5.%.).

Y L

S.Water Quality

In the coastal area the salinity verics in an casgt-
wWest direction. At Kwatt:—LeldlngeE the zone ccntains the
freshest groundwater, Here the chlorides arc betweon 49
ppm oand Z00Q ppm. They 1ncerease towards the north suggest-
ing o flow in this dircction. 4% Well 4/70 the chlaorides
are 113 ppm waereas at Ti 1/6%, 2.1 km to the north, they
sre betweon Y5 ppm: oand 185 ppu. The corresponding dis-
sclved sclids are &1% ppr and Y70 ppm. In secticn C-D
of appendiz TI-10 1t car be seen that chlorides wvary
from ope aguifer fo smother. The lowest value 1s 4% ppno
for a thin aguifer intersscted by ¥ell 22. The chlorides
increase away from thiz pint towsrds adjacent zones
where the chlorides are higher.

Fast of the SurinmeRiver the chlorides are high.
Values are not known at Meerzoyg but thoy are ciovicusly
high st Tamanredjo as irdicated by the electric los of
Tw 5/7C. Further to the sost the ¢hlorides increase z2nd
at 1L 9/70, water believed to be from this zone has a
chicride content of 205 ppr ard dissclved solids of 725
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Tn the weat of the country Well 1% at hicuw Nicke-
rie intersected three aquifers between 96 = and 0B
BGL, which way be in Zonc € IIX. The chlorides were be-
tween 420 ppr 2nd 570 ppu.

The ipor is high with values usually up to 15 oo
and the pH ie low, Zenerzlily betwesn 5.8 =nd Y.

I1I.5.5.6.P0tential as o Source of Nster Supply

“here the water guality is suitabl

fl
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of Zone ¢ III are 2 ponbential scurece of water supply.
They are inportant particularly in the EKwatia-Leidingen

area =znd in eastern Commewljne.

However, where large withdrawsls are anticipated,
it should be enmphssized that the zone may nob recelve
rich, if any, recharge and that thoro is & possibllisy
of an induced flow from the adjacent Zone T [I, which
contoing brackish watcer. Even £ there was rocharge Ifror
the south the recharge area is rewote cormparec with vhe
brackizsh weter of Fone O IT and the watsr with highe
chlorides to the ncrth, and thereforo contaminaticr
should be expccted before the benefits of ony increased
flow induced frow The south.

II.5.6. Coegewi’inc Zone I IV

IT1.%.6.1.igtributicon and Thickness

zono O IV is equivalernt to the lowest part of the

Lower Coesewljne series. 4 complex of sand fermodions
forr the most extensive aguifer zore in the coastal arca.
T4 is confined beneath an extersive layer of stiff clay,
which probably is eqguivalent to the lower part of the
Intermediate clay or Fontgowery IFormaticn in Guyanaz, The
base ol the zone should be equivalent to ithe ercsion
surface (bauxite interval) betweon tne Onverdach® series
and the Coegewlinc gerics but the locaticn of this bound-

ary ss warked on the sceticns of Appendix TII-10 is agsu-
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From investigotions in the arez of the Baramacez nc
Suriname rivers it is evident that it wedg

'LI

8 out sither
agzinst the rising boserent or the (nverdachi series
along the northern flapk of the bauxits bolt(sppendices
II-5 2n¢ 77-11) Thus its existconce is not known in the
savarnsh helt and it wse not drterscceted by Ta 9/70
approxicez tely throe kilometers west of tnc Comnewljne
River and the cast-weot highway.To the wost the zons
apperently contirues through Suriruame =snd irto Juyinz,
where its eguivalent is the S-sarnd Format]

L

ion. It conti-
nues northward beyond the coastline probatly for several
ters of kilopeters.

The zone dips gently toward the north. It generslly
thickens in this dircetion also but +this iz corplicoted
in the area south of Faramsribo whoere 1t cppears %o Fill
a northwest trending burried valiey. This is indicated
in apperdix 1I-8 by thce isopochs and the contours mork-
ing the top of the zone. The known thickness increises
from O = oin the scuth ©o =zbout 40 rm ot Groningen and

possibly 50 m oat Weg nanr Zee.

Hydraulic Characteristics

The aquifers are composed melnly of coarge-grained

ich ig more cop less kaclinitic.

b
by

argular quartz sand,

=

[

places rounded pe2a size gquartz gravel is inciuded.

There have been no extensive aguifer tostorun withe-
ir this zonc. Coefficientz of truonsnissivity and pernies-
bility hove been determined from shert pumping tests
and rainly from lisited purping data from the GMD drill-
1ng prograine.

It ig difficult to compare all the vilucg caleuls-
ted becasuse of the differert screen dizsrceters used,
z, 40 slot Jcohnson
scresns were used, Lower valucg wers obtalned with 44
ineh diamcter gcrcens than with 7 3/8 inch and 3 5/8 inch
diapcler gorecns indicating larger erntrance logses and
pernsps losufliciczt developrent for teste with fhe

I1-25
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gnsliler screens. This is particularly obvious at Porse
maribe {(Zcrr en Hoop). General ranges of perneabilities
and opecific conprecitics for tosts with diffeorent diow

Heter serecns are listed in Tabkle IIL5.

Sercen Dda, Coeff. of Pernealility Specific
inches n/dey 1

:

ﬂm

2G4 L,
3/6 Pmrea ribho 109-1132 Al g 3
5/8 (4311 22,

CO~g

ewsrasan) 374 L8
T-bkle II-8. Sercen dizacters in relotion to cstimotsd per-
aennility ond soacific :apacity ftor uells in

EOE@ C 1V a

-

Copparing all the values it is ovidont that ths

loviest pormesbiliitics are in the i

“

cinity of Mecrsory ond
that they increase to the cant z2nd perticulsrly to the
west, Ucing the valuos obtoined froiz tests with the
lorger dicnster sereeng, the coefifizient of permeability
for the aren west of Heerzors wonges from 100 m/day to

174 ofdny.

I1.5.,643. Piceoiicbric Surfece zad Groundwoter Flow

The zone is everyvhere under piczonetiic conditions

¢ The pilezcuctric surface ic higher than in 211 the

Fac piesonetric surface Sefore the influcnee of
withdrausls at Zorg on Hoop hae Doon reconsbructod
approxiostely, using Jeota fron the GMD drilling oro-—
pramac and cone leveles detormined 5y the Project., The

reconstroction ic choun in fpoendin IT-12.

Smell Jdifferences in wrater lovel clevaticns nay bo
re vordctdons ot the tdnes
¢ oacasuretent, hovmmver a noticcable slonce to the zouth 4io
evilent sugpmesting on dnland flow of water. 16 onounts
to cbout 7 enf/lin nccr Paranaribo. It ic sugrootod thot
the froundircter in thic zone ic sacisnt and that the
1
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IT.5.6.4.

II.

L%

v

gea level after tho
corsin) ending sbout
about 90 © lower th:

- i
ArlE5-

1ast glacizl period (urm or

10,000 years age, when the sca was

P
4L

at present. The groadient probubly

was greater ag the ocesn first readvanezd.

In the Parariari
reflects the effect
srount of interferen
cxterds approxiratel
that the squifer end
therefore the drad

well 36 dpilled
in this zope {162 o
at this leocaticn wa
trueted in 1961,

a3

Roecharge
ANy rechargs mn
3% lezgt in eastern

clay under which the
the ot

excludes the poessibi

passage woter

for ds hoelieved tc o
b1y

iy
ac

R

latvLtor cose thoere could bo

ainst the bacement « » Onverdzcht sediments.

[s]s!

of

area the plezometric surface now
withdrawals =t Zorg on hkoop. The
ce is shown in appendix II~17. It
7 40 ki to the wess. It is bsliicved,
z about 11 or 12 km to Lhe scuth
cwn 1s greater in this direction.

-4

2t Totness ils »nrebably consiructed

te 164 m). The piczometric level
+ 1.87

ek
S

whiernn the well waz cons-—

2t be mo grall that 1t is negligible

Barinar.. The thiex izyer of siiffl
zone i3

and the

confired would not permit
high head in the aquifer
ity of downward lezkage. The agui-
nd north of the bauxitc belt proba-
In the

32 flow into the zone north-

ward through the Onverdacht sands, but the originsl in-

lapd glope of the pe
ggalnst this. It may
ditions s small flow
dacht sands scuth of

ter Cuality

Wa
The chloride io
coast and &t aooe

evident. The porthwa
ppE To
ig Lilustrate
£

paribo
iT-a.

I

The sguival]

locavions =

izonetric surfaoce is evidence -
be that under present pumping con-
of water 1z i1nduced Tror the Onver-

Pararuribo.

I rds

the
increnge with depth is

100

increases northwsrd tows
Ik

rd increase fror approximniely

wore thon AC0 ppm ia the ncerthern part of Tara-

d by means of iscchlors in appendix
lids

i

values for totzl dissclved s

IT-28



are 300 ppn znd 600 ppr. The fresh watver tc the south
sugzeste that recharge from this dircction probably took
plroce scwme time in the past.

Eost of the Surinar River the chlorides increase
to 2 measured high of 1,700 ppm at Taranredjo. Ths equi-
valent totsl dissolye’ solids zrc 2,300 ppr. This may ro-
present a pocket of stagnant water north of a buried
spur of Onverdscht sediments to the ezst of the buried
valley whers the zone 18 thicgkest. Tt is ot known
whether the chlorides centinue at this hnigh level east
of Tananredjo.

At dWell 470 in the Kwatta~ieldingen arcas gas was
abundant ir the water lrparting & fool odour Lo 1t. This
condition alsc cxists at EKoowaras:on.

In westbern Surinan the well a2t Tolnegs is the only
cne believed to be congtructed in this zone ot lo: & Go
16% . Here the chleorides z2re Y7 ppr 2nd the total dig-
aalved solids are %211 ppm. Therc is no inforreztion on
the quallity of water frow thes Shell CL1l Company dtilling:
Fresh water at depths bebweer 244 moand 296 2 dndicated
by electric logs c¢f their test wells a2t Tageningon pro-
bably 1s below this zonc.

Ths ircn content of the water is high, varying up
to 10 ppm. The pH is low, between 5.8 and 7.%7. The
loweat valucs 3re in the lower Saramacces river area and
the only two vzlues higher than 7.0 are =t Jagtlust and
Nicuw amsterdar.

IT.0.6.6.Fotentinal 23 o Bource cf water Supply

Where the guality is suitable the zquifer can be
considered as 2 scurce of water supply with the reserva-
tion that 1t wmay noet receive prechurge at lezst in the
costern part of thac country.

The rost favourable purt of the squifer Lor public

water cuppliess ls in the 2rea gouth of the 220 ppy n8d-



IE.5.7.

chleor; however, assuning that there is negligible re-
charge, large scale pumping will induce a flow of water
from the north and ultimately there will be an intrusion
of salt water fror the ocean.

The zcne is being used already as a source of water
supply for Paramaribo. Thils and the problems of salt
water contaminaticn are digcussed in more detail in

section II...1.%., Faraczribo.

Cnverdacht Zone

The Onverdscht series has been dividsd stratigra-
phically into Upper and Lower formationg, but there is
not much iaformaticn about groundwater in the series as
a whole, and therefcore 1t is not possible to subdivide
it into aguifer zones.

aquifers in the Cnverdacht series are irporftant
loeally in the bauxite belt as = source of water supply.
The only wells known to be constructed in It are at
Onverdacht, wherc a1 water supply system is operated by
the Billiton Company. The water is pumped frowm five
wells, & pumping btest was run on one of the wells in
1962, Yater was pumped at almost 4 1/s8/1 and water le-
viles were obsserved in three obsgervation wells. An ana-
lysis of the data indicztes a transmigsivity of about
180 mg/day. Sections showr at least 8 » of aguifer and
it is beligved that approximately 5 m of this wag scree-
ned; thus the permeability is probably in the order of
76 n/day. The water from these wells hns a chloride con-
tent of 16 ppm and the pH is 5.2. It ig likely that the
fresh water ~nters the Onverdacht sands from the Upper
Coesewljne Zone ¢ I cr ¢ II tc the south. & sample of
water taken from the bauxite that is the upperrost mem—
ber of the zone hsd a chloride content of 4065 ppm arcd
a pH of 7.4 and a sample taken from sand imecediotely
below the bauxite and wnderlying koolir ip the mine area
had 2 chloride content of 3€72 ppm aad a pH of 5.%.
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11.5.8.

IT.6.

I1.6.1.

IT.6.1.1.

Throughout most of the coastal area aquifers in the
Onverdacht series are not attractive as a source of wa-
ter supply beczsue of the depth and because, where it is
presert, water is wsuzlly available in the overlying
Coegewijne aquifers. “ell 7 at Leerzorg intersected an
aguifer that is prcbably within the Onverdacht series.
Tt was gereened and tested from 180.5 m to 188.5 m BCL.
From the limited pumping data = permeability coefficlent
of 34 r/day was estizmated (compare the test at Onver-
dacht). The chloride content ¢f the water was 590 ppm.
Nearpy in T. 6/70 = coarse sand with clay from 225 to
220 m BCOL yielded negligible water with a chleride con-
tent of 400 ppm.

The Shell 01l Cempany reported the probability of
fresh water in sands tetween 244 1 and 296 1 BGL at
dageningen in western Surinam. The estimated chloride
contents were 120 ppheto 200 pprbut it was indicated
that the sznd probably are ccrpact and clayey with ap.. .
dow pereezbility. '

Cretacsous Zone

The Crcbtacecus sediments have ncoclt been explored
for groundwater. They are the lowest sediments in the
basin. In the Paramaribo arez they may beo present as the
lowest few meters aboeve the bedrock but in western
Surinan the tep is 400 m to 600 w BGL.

It is unlikely that they receive recharge and the
water probably is brackish. Both yield characterisftics
and water quality likely are inferior to thesc in the
higher agquifer zones.

SQURCES C7 ROUNDLATER FOR GaThER SUFLLY FRCIJECTS

Group I Arcas

Kwatta-leidingen

In the EKwatta-Leidingern ares the only acuifer con-
taining groundwater with o quzlity suitable for a puti-
Ii-31



ble water supply system is in Zone ¢ IIL. %atler in the
Zone ¢ TV aquifers is fresh to the scuth ¢f the area
but there appears to be little or no recharge toc this
zone, which is already being used as a scurce of water

supply for Iarasaribo.

4 flow of water in Zone € II1 from the south into
the Kwatto-Leidingen area night take place. IT this
were 5o the flow in the important 60 = to 100 m depth
interval (Gell 4/70) would pass the Ultkljk-Kcewarasanl
ares in 2 flow path only avcut 10 km wide with = total
aguifer thickness of about 20 m. The pieczometric surfszce
in this area is virtually flat suggesting very little
cr nc flow; however, to cbtain scme order of magnitude,
it wight be assumed that = gradient cexists about the
same as in Zone C 1T, which must be the aquifer through
which a flow of recharge to Zone C IIT would pass. AT
approxirate flow volume ray be calculated using the
Darcy eguoation:

QO -kTIDLb=1,360n/day.

where: G = Flow volumc,

¥ = Coefficient of permeability. The wvalue
170 w/day is the highest calculated for
this zone.

I = Hydraulic geoadient 4 cr/km estimated for
Zone C IL

L = Plow path, 10 km

b = Totzl aquifer thickness, 20 w.

Tt should be noted that maxirmum figures have Deen
ased. The flow volume of 1,360 mﬁ/day is small and be-
cause it is possible that a flow does not take place at
all it seems prudent to exclude recharge and consider
groundwater withdrawals as s mining operation drawing

only on storaga.

Well 4/70, constructed in Zone ¢ III is capable
of vielding water at the rate of 30 1/s «nd there is no
reagon to doubt that highor capsceity wells can be cons-—
trueted ot the same site. The purplng of wells at this
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site would result in a flow of water moving towards them
from all directions. The question is hovw much water can
be punped before the aquifer is spoiled by an invasion
of brackish water from Zome C IT spproximately 11 ko to
the west and 8 km tc the east and south- gast {gee appen-
dix II-7) and by an approach of water with higher chloe-
rides in the saEe zone to the north. an gntimate cf in-
terference after 10 years purping Well 4/70 at 29.% i/
conbinuously indicates that 1t would extend to a dls-
tance of ap.rozximately 15 km frem the well. The cuLiali-
tive pumpage of the proposcd water supply system up ¢
98?, based on cstimate? water needs, 1is equivelent to
the ancunt of water pumped at the rate af 29.5 1/s con-
tinuously for about 7 yecars and the extent of interfe-
rence is estimated ot about 14 km. This 1s shown in
Lppendix 1I-7. It can De seen on the map that the esti-
mated interference extends well into done g II parti-
cularly to the east, and beyond the ccastline. This ~
means that, with hydraulic connection betlween the two
zones, brackish water would cnter Zone ¢ IIT. To a2scer-
tain the possibility of brackish water reaching the well
aguifer volunes equivalent to the cumzlative estimates
of pumpage were calculated agsuring effective porosities
of 10% snd 20%. The results sre shown 1n appendix II-'g
as eatimated distances from which water is puumped for
aguifer thickncsses of 10 m, 20 1, and 30 m. It can be
seen that, under the poorest conditions likely, with a
porosity of 10% 2nd an average aguifer thiclness of
10 r, the distance fror which water would be pumped 1is
less than 1.5 km. Further calculations indicate that
for an aguifer with a porosity of 10% and an averas
thickness of 10 © cccupying a circular ares with a ra-
dius of & km (tho distance to Zone C IT in the east),
the contzined water would amount to 201 million m5 .
The egtimated 6.4 million m5 of water tc be pumped Up
to 1987 is only 3% of this apount. It is likely that
it would be well into the next century before brackisch
water reached the well unless additionzl, large and
presently unforseei, withdrawals btake plzce; however,
it should be noted that pumping this coquifer appears to
II~33
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be pureiy a remocval of water from storage and that the
zone ultimately will be ceontaminated by brackish water.
In this sense, pumping from storage means storagc in the
Zone ¢ TII aguifer itself without recharge. The flow of
water from Zone C IT and from the nerth would be a form
of recharge, undesirable in quality but nevertheless
preventing drastic water level dcelines.

II.6.1.2.Commewl jne
It has been estimated that in 1987 the water re-
quirements for a proposed cupply system in the northwest
part of the District of Commewijne will be 7,440 m5/day.
This is equivalent to 8€ 1/8 for a 24 heour/day pumping
operation or 206 1/s for a 10 hour/day operation.

Frevious test drilling by the Geolegical and Mining
Bervice indicates that the groundwater in the areas is
brackish (Table II-1, Wells 6,8, 16 and 17).4in cxcep-
tion is at Meerzorg (%clls 7 and 31), where a well viel-
ding water with 177 ppm of chlcerides is ths source for
a swall water supply syestem. The aquifer is thin and
appears to be of limited cxtent. Below it the main agui-
fer of Zonce € IV contains water with 323 ppr of chlori-
des. This is the came aquifer from which the ZCTE en
Hocp wells withdraw water approximately 5 km to the west
2eross the Suriname River. Relow this the chlerides a-
meunt te 590 ppm in what prebably are Onverdacht sande.

From a study of all existing datz it was concluded
that the distributiocn of aguifer Zones C IT ond ¢ IV
to the west relate tc the locations of the Saramacea and
Surinanme rivers and that a buried valley containing
fresh water in Coesewijne aquifers might cxist between
the Paranam and Moengo bauxite areas in the vieinity of
the Commewljne River.at Merico Creek about 3 ki west of
the Commewljne River, TW 9/80 intersceted sands with
interbedded clay frcm 22 m to 120 = BCL. The aguifer
between 1035.6 m and 112.9 m BCL vielded water with a
chloride comtent of 205 ppr and an slectric log of the
well (ippendix JI-4) suggests that the sands above Cobe
tain two aquifers, one from 32 m to 51 m BOL with chle-
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rides probably about 100 ppn, and the cther from 744 to
90 = with chlorides probably about 250 ppm.

Follewing the discovery of fresh groundwater in
castern Cormmewlijne T% 4/71 was drilled at Coometewane
to determine . i1ts western extent and what length of
supply mein would be required to convey the water to the
area whore it is required. The results of this test are
noet yet kncwn,

Several wells will be necessary to supply the
7,440 ©°/ day required in 1987.

I1.6.1.%. Paraaribo.
The water supply for Paranmczribo comes from twe
areas, Republiek approxicately 35 kn to the south, und
Zorg en Hoop within the city. 4 third well field is
being prepared at Leysweg about two kilometers west of
the clity.

The origirnal water supply came from a well drilled
at Bivaplein in 1907%. The well was driiled to a depth
cf 164.5 n and produced 8 1/m tco 10 1/m of water with a
¢hleride content of 168 ppa.

The first major well field wes developed at Repu-
bliek following the recomnrendations of Van Weljerman
after cxtensive investigaticns in 1929 snd 1939. The
Surinam #ater Company (5%¥) was formed, the well field
end treatment facilitics were constructed, the supply
nain was layed and in 193% water was pumped to Faramaribe.
The water has chlorides generally lesz than 10 ppr but
it is treated because of high iron and low pH.

The well field at Republiek is comstructed ir aqui-
fer zone € IT and possibly ¢ I (II.5%.% z2nd II1.5.4) cnly
5 ki north of the Savenrah belt or recharge area. The
ficld contains 30 wells, of whick 21 are purnped by a va-
cuusl systor and 9 sre pueped ueing turbine pumps. Wells
i the wvacuur syster are coeh capsbie of yielding atoulb
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3 1/s and each of the cthep wells is capable of pumping 8 i/s
to 11 1/a. 4t the present time water is Pwnped to Paramsribo
et the rate of 350 m3fhour, vhich is thce capacity of the 14
inch dianeter moin under the prevailing conditionzs. A bocster
Station af Lelydorp is planned, wvhich is expected to increasc
the “ow through the line to 500 mB/hour. This zncunts to =
Supply of 4,38 milisen mS/year, which 1o ecouivalent to the
estinated .annual recharge of almost 10 kal cf exposed sguifer
in the Savonnzh belt (IT.5.4.4,). The lowest snnuz2l puaping
levels have decliined steadily from an clevation of approximately
=~ 2 1 H,5,P, in 1933 to approxinately - I0 @1 N.S.P. in 19370,
The docline was steapest in the Firet scven years (a low
level of ~5 o H.8,P. wag rezched in 1940) bub since 1940 thc

decline was hoen ot an veragze rote of a2bout 1.6 =1 in 10 VEErS .,

The rirst water was pumped Trom the new well Ffield at
Zors con Hocn in 1988, The wells ore congstrueted in aguifer
Zone € IV (sec IT.5.6.). There arc nou 14 wells operating in
the field, Feur now walkls howve boeen constructed recently =%
Leysweg about 4 kn wese cf the Zorg cen Hoop field. 4 loree
well field with about 17 wells is . planned at this location.
£31 of these are to be congtructed in Zone C IV, The dors on
Hoop wells criginally vield weter vith chlorides. betwoen
150 ppm and 200 pprie The chlorides ,now 2t shount 180 ppohave
not changed appreciably, cxcopt in sone wells vhere the couse
is throught to he contaninaticn from the bBracltizh wator of
the higher Fone € IT through corroded casing. 4t Leysweg
the chlorides ape 250 ppmn,

Interference caused 3y operating the Zorg en Hoop
wells up to 1970 is Fopresonted in Apvendix IT-13. It cnn Lo
sSeen that interfercnee cxbended about 40 kn to the west and
probakly to the north, well beyond the coastline, To tho
south the drowdown is greater, which is consistont with a
Boundary to Zone C IV in theat dircction (11.5.6.1.}.

The 250 ppu dsochlcr (Lppondis I1-8}, which nsy ho
considered o wonter fuality standopd boundary, postes through
Leyswer =ad close 4o the aorth of Zorg cn Hoop. The operation

of the wells causes water to flow towords thoen from =11



directions and the woter puaped must be a nixture of
relatively low chloride water from the south and high
chloride water freom the north. To obtain soue idez of

the gquality of water to be cxpected in the future, the
dictance fron which water flows to be discharpod at the
wells was caleculeted for modol atuifers with cffective
.parosities of 10%, 20% and 20% and thiclness of 10 m, 20n
and 30 2 for the curmlative gdischarge in 1990, The results
of the czlculations zre contsined in Appendix II-16 znd in
Peble II-7. The listed chlorides wepe cotimated approximatcly
from o NNE-SSW linc through Zore en Hoop on Apnendix II-8,
For 1970 the low chilorides of 200 pprl are closceog to the
chlorides of the punped water. 0f the three possibilitics
regarding the combination of cguifer thicknes and effective
porocity, on agquifer with = thickness of 20 @ and an cffecw
tive porosity of 20% probably represente the srevailing
conditions most closely. For the sono ecuifer conditions
the chlorides in 1990 would be 280 ppm. & similar chloride
value is obtained with flow coning the szme distonce From
e2st ond west. It must be caphasizod thot the cotinetes
given in Tahle XI~7 are fop vodel aguifers, In Zone € IV

a2 boundary to the south ic apparent and therefore more flow
from the north canm be cxpected, The zone alsc thickens to

the west and bocomes thinner to the cast,

The estinates of flow distances and chloride contents
ere basced on the assumption that the present rote of ine-
creasing withdrawals ot Zorg en Hoop will continue, though
nost of the additional water will cone from the new Loyswes
well-field, It is sssuned also that, after the construction
of the Lelydorp booster station, the anount of water fron
Republick will remcin constoat ot 500 mg/hour. In this cacc,
the ratio of wator froa the two apess - Republick and Zorg
en Heop « Leyawveg would be ahout Li7 im 1990, end the dilute
ion of the Zorg en Hoop weter by the Republicel woter would
reduce the chlorides only from sbout 280 ppiz to chout 250

PDIis

The cstimates do act take into zceount the aced for
water in tho Pad van Wanica area where the most likely sourceo
I1-37
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of water for & supply sycten is Zone C IV, the sane zs

Zorg en Hoop.

It is clear that, in the acar future, 2 decision sust
be mode on the cuality of water to be accested in rolation
to coot. Ultimately plans oust be made to increczse the
supply fron the scuth. Test deilling iz now undgeryay at
Rijsdijkwes betwcen Psrameribo and Renublick with this in

nind,

I1.6,1,4, Pad van Wapies, Dooburg and Smalkaldon

The water requirenent for the proposed Pad ven
Wanicce supply oystom arc expected to be about the same as
for the proposed Kwatta-Leidingon systen, that is 2,106 33/
day in 1987,

Aquifers contzining water with 2 gquality suitable

for = public water supply are in Zones C IIT and C IV.

fiquifer Zone C III becomcs thianer to the east and
althouzh the aguifers apparently contzin fresh water as
indicated by the electric log of TW 8/70 (ippendix II-3), -
they are likely in contact with Zone C IXI to the east.
This zome containg hrackich water with chlorides higher
than 2000 ppm and nay be within 2 ko to 3 ki of the upper
aguifers and 4 ko to 5 ko of the lower aguifers intersected
by TW 8/70. Based on interferences caleculated for Well Af70
in the Kwatta-Leidingen arca it appears that withdrawsls
frou Zone C IIL aguifers at the site of T 8/70 would intore
fere with the Zone € II zguifer but brackish wnter nay not
appear at  the well until after 1987, Further testing is

planned in this area,

The Zone C IV aguifer is the most extensive in the
cred and the chlorides in the water arc only about 100 ppm.
There 18 no doubt thet withdrawalc fronn this scuifer would
interfere w.th the Zorg en Hoop well ficld, The interforence
of the latter alrcady citonds inso this arez. Interference
caused oy withdrawals ot Pad van Wanica up to 1987 would
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extond boyond Parenopibo possibly cousing =opn added draye
down of up to 1 o a2t Zorg en Hoop, however the distence

fron which water ig pusiped to the wells would oaly be about
1 ko, There is no reason why the two systens should not draw
water from the samo source for a tinited tine, Lut the

cffect of withdrowsls at Pad wan Wemies would apeed up

fude

the rate if increcsing chlorides ob Zorg en Hoop. If this

2quifer is to bLe used plans would best e intorrated with
Pzramaribc, The sourco weuld be fron the south cventually
and tho supply nain would pase throush the Pad ven Wenies

EDTCE .

At Dooburg and Spalkalden the water requirencnts arc
estimated ot 1080 mS/day for 2 population of 13,500 in 1087,
There are no acuifcers containing fresh water locally. It is
possiblice that the Zonc € IV couifer extends to the southcast
within § ki of Domburs, Test drilling is planned to
deternine this., Clocse to thc mouthwest of Smalkoiden the
Buraleo wells withdraw lerge quontitios of woter cpparently.
from Zone C I1.

IT. 0.2+ GROUP II AREAS

I1,86.2.1. Gromingen

LA well was constructed ot the site of tho existing
treatnent plant and storage tenk. The cristing well hed fzllen
off in production probrbly because of sonsd in the scrocen.

The new well was derilled into the game aguifer in Zonc C IXIX
and hed pimilar yvicld charactoerictics, The old well was usced
for obscrvesions during o puaping test. The well is 2 low prod-
ucer with a reted yvield of sbout 3 1/s with z horizontsl

centrifugsl punp. Dota are listed in Tables IT~5 zond IXw6,

Sections of an old test well drilled to = docpth of
180 a1 at this locotion shows the presence of aguifer
Zone € IV. Tt was lcarncd that the head was above ground,
but no infornstion on the guality of the weter could be
Tound, It is likely that the chlorides would He anout 150

PR to 200 npo, I1-39



IT.6.2,2, Warenineon

Tests werc run on the watep supoly wells 2t the
village of Wapeningen (Ssee zlco IT.5.2.), The investipation
wze before schedule st the request of Mr, de Soop of the
Stichting Moekhinale Lendtows, (SML). The e supply wells
top o shellow squifer (probkakly in the Coropina Zonc)
zetween 23 1 ond 27 m. A report dated 31 fAugust 197G, was
sabrdtbed to SHL, in which the estimcted capecity of the
vells was indicoted together with poasible offects of with-
drawalo. It was pointed out that ot lenst one of the punps

mast be in need of seorvice or repiacenent 25 it was not

puaning at the specified rote,

Electric logs run by Shell 0il Cciopany cn three
doep tosts ian this area Lpparently imdicate the presence
of fresh woter between 244 n and 296 1 in BGL, Mr. Horthoorn,
the Company s geologint, indicated that the chlcorides
arcuasly oare betwen 120 ppo and 200 ppa but that the

pervgablility of the foroction may bo low,

IZ.6.2.3. Comactowzne Creck - Allicncc

£ water supply systen exiots ziready a2t Alliance,
Fresh uster is found below 78 o at this location in vhat
mifor Zone € ITX, Test drilling to the south

4/71) iz being undertshkon to deternine the

0

probaiply is =
(TWfs 9/70 an

best source of groundwetor for s supply systen in westcrn

2.

Commowijne. Resulto so far indieate the nrescnce of fregh

woter ©o the southest at lesst (IT,6.1,2),

IT.6e2:4e Dther Arecao

Therc have becen no investigations in other Group
Il arcas other thon = curszory lock =t the existing dotne.
It is planned {0 move the Feilangs 2500 Jdrill into western

or the last yeor of the Project. Brplorotion will
ko strictly in = verticsl dircction thourh after colpletin
e few tests it mey be pozgible o correlate the agui
western Burinen sore closely. The Foilinp 1250 «dpild
operzta iz ezgtern Burinenm during the laticr sonths of Sho

Projeect if peouirod, IT-40



Group IXT areas includo 821l communitics, Duz wells
Or G2nd point syostens would bo idesl for comtaunities nlong

the rivers vhere there is sufficient servious alluviun,
Drillins ic not generally planned cicont pervhans at

Haarlen oand Merints Lust on tho Saranszecs Fiver zo 2n

crtension to euplorstion fop tie Group I arcas,
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For severazl yearc during the 1950%s, the US Agency
for Iaternaticnal Develosment through the Surinan-ifmerican
Techrical Ceonerstion Bervice {SABTS) conducted a wemonstrat-
ion project for doveloping rural water supplies th.oough the
installetion of low=yield, secaitary vells, ecuipned with
hand-operated pwaps., This nroject created gonsideralle inte-
rest in water supply developument and led to the SABTS program
of supplying techniecal z2ssictance, consulteation services and
training measures. The general objective was to encourage the
Government of Surinam in acocuming the responsibility for water
oupply Sevelonnent ond asdoinistration with technical sasistance
being provided Ly URATD and S4BTS,

In 1062 the Eivcotor of Public Works indicated his
intercst in cotablishidng o water supply cection within his
Hinistry which would he responsinle for promoting or develop=.
ing water supply improvements throughout the country &and
reqguested SABTS asoistonce in drafting = plen which could he
submnitted by the Minioter of Public Vorks ©o the Cabinet of
Hinisterc for consideraticn and agoprovzl. Subsecuently,

"a plen® vas subaitted to the Director of Public Yorks that
Provided for establishing within the Ministry a water supply
section which eventwally might be converted into an autonom—
ous water supply authority. The "plan" cazlled for the Water
Supply Section to reccive the benefits of (1) a high level
advisory coumittec. {2} = hezlth cducator whose services
would be mede available by the Director Generzl of Public
Health, (3) ewperienced personnel and water supply equipment
from SADAG and (4) profescional advisory services and

agpiotance in perscnnel training from UBATD.
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However, the SARTS escistsnce as woll ss the USAID
asgistance were phased-out during the mid-1960ts, and the
Government elected to pursue the UNDP(SF) project route for
technical asgistance in meeting the proilems of water supniies
as well as sewerapge systems in Surinom, Imitizi efforts teo
obtain this assistance were commenced in 1964, with the
cooperation of the PAHO/WHO Zone office. These offorts even-—
tually led to the fielding of the Preparatory Accistance
Mission Team, as previously discussed in the "History of the

Project?,

The meain findingo and recommendstions of the

Preparatory Assistance Micsion were 5 Tollows:

nE., The Paramaribo metropolitan erez and the potent-
izl industrial zone to the south of it, with =
ropulation of some 252,000 of whom about 12C,000
people do mnat have z safe pimed water sapnly.
This area is growing morce rapidly than Sy
other part of the country in respect of domestic
end industrial weter demand; the danger of
epidemics due to inadecuate motazble water Supnly
and waste water disposzl facilitiea ic also
grcater here than in any other part eof the

country,

IT. The provinecial centres of population, mainly
coastal, in the districts of Hickerie, Coronic,
Szramacca, Harowijne and Commewijne, togother
with contres near the northern extremity of
Brokeponde district. These have a penulation of
about 60,000 of whom the great majority lack

piped water supnlies.

ITT. Some smaller communities, mostly nearp rivers,
that are remote from the larger centres of
ropulation., These have z totsi population of

about 13,000,
IX7T-2



In the phasing of the project, Groun I will be

accorded the highest priority and Group IL will follow,

Currently, within Groups I and II, the most econo-
wicsl source of potable weter supply i groundwater. Prescnt
evidence indicates thsast such watcr of acceptatle cuwality
chould he available in sufficient ocuznbtity to =mzet the
future needs. Seme nroklems of czlt water iantrusion are,
however, already being experienced in certein wells {in
the Zorg en Hoop wellwfield in Parameribo), and cotier wells
may turn saline as the rate of extraction iz incr-ased to
necet the rapidly growing demands for water. The rates of
replenishment of the aguifers have yet to be investigsted

in detail.

The withdrawal of additional potable groundwazter
chould not adversely affect irrigation, hydropower and
navigztion development based on surface water, but future
inpounding of surfacc water in the basin Tor hydropower
or irrigstion sctorage might, if net co-ordiaated, drasw—
tically affer! the rete and zalinity of recharse to ground-

water storasge. Unificd woater management is therefore required.

If, eventually, the groundwater supply hecomes
inadeguate, it can be supplemented by surface supplies;
but the costs of treatment and transmission of surface
supplies would be much higher than thoce now being incurred
for grouwndwster supplies.

It is dinadwissble to commit further iavestment to
groundwater withdrawal until the characteristices of the
afguifers in the Lower Surineme River Basin have been ine
vestigated, This investigation is 2 prersguisite to the
planning of new water supply installstions in Group I
arca. The findings should be helplful in defining the extent
of the subcecuent investigations reguired for the province

ial cozotzl arcas.
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The proévess cn the Governmentls wstor supply and
sewerage development progremme is dependent on the progress
of thesc hydrogsolepical investigztions, zng only the
minimua of specialict c¢xpertise is mecded to enable inves-
tigations to start. Therefore, it ic recommended thait the
nreparatory work should ctart mot later then I July 1969.
sdditionalliy, it is hoped that the oubtcome of the IACE
mecoting in October 1969 will result in imediste authoriz-
ztion to incur expenditureofr Speciai @ 1wl monies for the
remzining ecuipment recuired Ly the Project, so that the
Proiect can be accelerated te a fully operaticnal basis &5
soon as poscibkle., The Goverament of Surinam has ailocs
USH 92,00C from the 1969 budget and has also made all

arrangements for the use of ecuipment and cffice spacel.”

These findings are endorsed in general principle
with minor cxceptions by the UHDP(SF) projcect team, with
regard o the scosc of sctivities as well as the geographical
areas included, 4ig in the cigce in citudies of this nature,
additional irvestigations bocone necessary and these must
be implemented in additien to the original tasks in order

to provide as comprehensive & plcture as possible.

I¥Y.!.2. OBJECTIVES

The objectives, therefore, cf the immesdiately
fellowing sections of this report are to develop
ongineering propocsals leading to the cventual provision
of coamistently available guantities of potable water to
mect all rcaconakle domestic reauirementc as well ag the
concurrent commercisl and industrial necds, while provid-
ing 2 degree of fire protecction. Qther sections will
delincate the hydrogeclogical investigatiosn program &5

well ac the sttendant geologiecal studiec and Timdings.
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Tn order to dovelop the above propogsals it was

necessary to determine suitable design allowances (on a

needs of the Sop

oy

Der Capité or area basis) to meet the prezent esnd future

nly Group arcas, Following the establishment
of design criteria, totel water quantities and guality
recuirenents were determined to the degree possgiblce and,

whenever possible, definitvo suitaile scrvices selected.

Existing water supply and distribution facilitics
were gftudied in depth with 2 view of determining the capa-
kilities for mecting design criteris znd 2lso with respect

to eventual standerdizztion of methods,

Finally, the ecngineering proposals were developed
and are prescnted according to & schedulc of priorities
which is designed primarily to provido rglief in arcas of
most imnmediate need, and also to permit prudent phasing of

construction.

IIT.i.3. PRESCHNT CONDITIOHS AWD EBXISTIHG WATER SUPPLY
FACILITIES

Within the organizsticonal framework of Surinanls
Central Governmecnt, the Ministry of Puklic Works originslly
had the responsibility for .developing sources el potable
water snd for distributing it for usc by the necople of
Surinzm. To accomplish this task, the Minizstry depended on
cppraeiaticons of funds from the national budget, except
for thoce cstablished systems which were operated under
contract where in rovenue realized from the salce of water
was sufficient to offsget the cost of making piped water

service availsble to the consuaers,

In spite of thce magnituds and importance'{f ito
responsibilities in this field, the HMinigtry did not
thoroughly develep within its ewn organization the tech-
nical facilitics and trained personnsl rceguired to plan,
install, operate and manage weter supply systome. In carly
yoors projecﬁs wndertaken directly by Public Werks por-
sonnel with respect to water supply and distribution were
essentially limited to 1
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1. Consbructing rein weter catchuonts snl collection

coeprvolrs,

2, Instelletion in rursl zrocs of hend-duz wells of

the type developed by S4BTS, =nd

Js Trensporting water fron aveilasble sources 1o
peozle living in arecs vherc stored cusntitices of
Erosh (rein) wezter were not cufficient to supply
the demands of consuners during extended periods
of dry weather. This trancporting of water during
dry scasons, by truck, Garge or other zveilable
means became @ routine function of Goveoinment and
15 still provided for in the budpet of the Hinistry
of Rurzl Governwent znd Decentrzlization {(the bud-

get provides Sf., 75,000 feor this purposc).

I i=s acknovliedped that thic method of wster Jistribe
ution is costly; and the nethods of handling involved ciupose
the vater to contaminetion, ead thus to the likelihood of
discase transmission. 4t best, it constitutes an SRS PESCney
measure under taken Tor the express purpose of allevicting

chronic oroblcms.

Traeditionzlly the Ministry of Public Works iz the
Government s Departacnt for designing and building a2 wide
ranfe of publie facilities such zs buildings, rozds, canals,
sluicegotes and lock installations, sirports, hydro-electric
rlants, ete., but woter sueply systems ond watr trestment
facilitics were not included routincly among the projects
justifying direct attention, cxcept those small rzin-water
systems which in most ceses are integral parts of building
projects wherc the roof surfaces are utilized as catchnent

S8 5 .

&

the population of Paramaribo incrcased through

fay

A
the years, the need for & suitablse community woter supply
Lo

systen cane nore argent. Hon-GCovernment intercsts ros-

ponded Lo the growing water deomands by creating 2 water

ILI-&
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company, vileh wzo legozily incorporated vnder the lawic of

the country. Legislative sction in 1929 nlaced the corporate
holdings in the hands of severzl stock holdeps which included
tanls, & trading conpany and the government of the Hetherlands,
#Whiic vécords indicate that the cnterprise wes originally
initizted many yeszrs prior to that date, it ic cencrally
recognized that the operaticonz of the Water Company on o cub-
stantial scale got un wiervay in 1930 on the Zasio of the 1929
legiclation, In 19483, the Government accuired nll shares of
corporate stock and became sole cwner of the Surincm Uatap
Company. The corporztion is centrolled by gix commissioners,
one of whom is elected cach year. HManagement iz sntrusted

to 2 Direntor whe iz named by and responsible to the Boeard.

Following its inclusion &s & now Ministry in the
government ¢stablished in Novexbher, 1969, thc Ministry of
Rurzl Government and Decentralizztion csuccceding the Ministoy
of Public Works in this responsibility is now the povernnent!s
representative and hence the scle stock holder of the COTNOD-~
aticn ; this provides the Hinister with an inplied "wetoh
eauthority ovcr zctions taken Ly the Beard, However, there
is no indicataon thet such authority has cver Dbeen exercised,
In recality the relations hetwsen Government, renresented by
the Minister, and business intcrests represcnted by the
sembers of the Bozrd, are well halanccd and this peraits the
Compeany, altheugh totzally owncd Ly the Governnent, to funct-
ion striectly as an sutonomous kbusincso enterprisc,

The Surinam Water Company iz sccundly establiched,
functions in & bBusincssolilc manner and provides water ser-
vice at zecceptable prices tc people living within the areas
fer which it has contracted to zecept thisc recponsibility,
The Company plans, designs, condtructs, operatos and manages
urban water supply facilitios. Authority for the Companyis
operaticns ia any arca iz strictly depeadent upcn 2 cleariy
drawn conbract sgrecaent negotiated with the Covernment of
Surinam, This dovice nrovides a urigue and extromely

valuable ara for governaent thro cugh which weter cupply

I1i-7



development projocto and management of systems can be
accenplished, Projectc for which the Company has asoumed
responSibility has heen limited o srezs with concentrotions
oi population which the Company considoers oo justifying

the installaticn of community water supply cystems (invelve—
ing precéure systemsz, Greatment works, il indicated, storage
feeilitics and a pined distribution notwork). Thusz, the
Conpany doocs not uxdertake the devolopment of water cunpliecs

in strictly rural srzon.,

Since it came ingo cxistenee, the Surinen Weber
Company hac hac total respensibility for 211 woter sSupnly
operations in Poranaribo (supply, distributicn and nenagencnt ).
It hzs ziso undertaker weter Bumply nrojecctc in other
centers pursuant to contracts with Public Wovrks. For inatanceo,
it has designed water systonc including weter treatoent
plants for Hew Nickerie, ALltine, Heerzorg, Ceronie and

filience which were coastructed oy tho Coopany.

In 1962 & »lan was proposcd by the Hintotry of
Public Works, SABTS and USAID in which district wator

supplics would -cceive rreater atbention.

The pilan provided for the Ministry of Puklic tlorka,
through a propoescced Water Supply Scetion, to Ge recponsible

for:

1. Doveloouent, operation snd maintensnce of uater
supplies in rural aress., This would invelve cope
tinustion of the program of woter cunloration and
sanitary well comstruction previcusiy carricd cut

by SABTS as 2 denonstration sreject, and

2. Promotion of inprovencnts in pined wate

=
[
e
=]
43
0]
i3
0

end the developnont of other "urban? systens to
Serve centers of population in  tho distric t3, on
the basics of contracts botweon the i inistry and

the Surinan Water Company. Similzr contrects would
zuthorizce the Water Compeny to oporate and asintain
such water ocystons on 2 seundliy cotablished finsnc-

1al structure, whereby, revonus for water oold would

IXI-5



ve uded erxclusively for onerating snd improving
water works inctallstisnc. The plan forcosw that

r

tho Minir:-tr‘y cf Public Works would be requiped{ o
or grants of funds to Le used in finzncing

arrange

=
[

water supesly installations nade by the Water Con-

pany on the basis of contracto with ths Mdinistry,

These grants might be availsbic frosm the "10-Year

Pian", the regular Governnens cudget or fron

other poscible sources, iacluding loans,

In other words, the plan propoged that the Water

Supnly Bection would bo the aunthcrity within the Government
responsible for negotisating contracts vith the Surinam Water
Company forp undertaking deVQIOpment, conerstion, and msnago-~
Aent of community (urban) pipen vater supply cystens and
that the rural wster developnont (sanitary well) progran
would e carried cut under the direct adninistration of the
Water Bupply Scction. Alsc 4n Sone cascs,; the Wster Sunply

Section through the Surinan Water Corim

any could arrsnge o
suprly water to consuners on the bzsis of snecial agreenents

with others, fis an creeption, the two principal bauxite
mining coupanies operate water supply systems which serve
their communities st Moengo, Paranam and Onverdacht., The
Water Supply Section reviewed the proposzls and serverd as
tha coordinatiang agency, howoever, for the arrangonents
which were nzde by the Surinzn Water Conpany to contract
the purchace of water from the plant ot Moengo for salce
tC contumers living in nearcy Woncredjo.

Following formation of the Jator Bupnly Scetion
(now =« Part of the Hinictry of Bural Governtcnt angd Do
centralization) the Woter Conpany has progrescively turned
over the onaller syctems to ths Section for nointenance
and operation, At present, thce Uater Conpany retaoins the

Paramaribo, Hew Fickerie snad Albdne urbean systens,

II1-5



I1I.1.4. HEED FOR IIiPROVEMENTS

Teble ¥YII~1 licto the existing non-nrivate wator-
supply Syctensin Surincn Sepother with the poaulation ccrved
by the supslies. Invariasly cach Cysten is either being
erpznded or is unfer conciderstion for susmentotion.

Tn moct casec, weter ic cupplicd on 5 continuous 24—
hour per dey basis, but in soae of Lhe cystems intermittont
nt

b | ] Py
BRPpLY 15 necesdary. The ovor-nrogent daz

ser of contaninsation

[y

irherent in intcrnittent supplies io well-inown, snd the
World Heslth Orgonization =mmintsins op a basic precept in
denign, the rcouircaent for o continuous supnly of aotable:
WELEer.

The present insdecuscies in water supplices zre

concidercd an dmportsnt factor in contributing to low stan-
riicularly in those sreas where there tonds

to Be @ prevalence of grotro-intestinal disease. The use of
quecstionzble surface sourees of water which tay bBe polluted
with pathogenic organicns chould bhe reducod through the
provicion of saf ., adecustes and recdily sveilsable comund bty
sunstics,

Econonic benefite alse will derive through incroased
productivity follewing the varying of ctandards of health

by neans of improved woter supnlies,
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PART ITT - VJATER SUPPLY

(Scetion 2 - Bases for Desifn)
ITr.2,.:, GENERAT,

Population studies conducted in tho 2roject ares
eunpiiagize the preconinantly residentizl chorseter of tho
population zones, Eecouse of vihdg, the Jdomestic woter Jemsnds
serve 2a the primary Lasis Tor estimating individusl voterp
cuznly recuirenents, 3ince there ic nno cuotantisl recuirc-
tent for governnent =nd comaerciol eatablishments ks T B TWAE T+
tries, the zllowznce for these ic calculated zo = percentage
of domestic zllowances,

ITY.2.2. DOHESTIC RECUIRRHENTS

It iz noted theot the Paramari@o Agtropolitan weater
supnly oysten continuca to be oneratel and maintained by the
SBurinan Yater Coupany aand ic regaraet at o Separate centity.
A8 such it is not ineluded in this renort, excent to provide
date which will contribute 4o the tholc nicture of uator

supnly in Surinono,

Liverzie per cepitsi recuircoents of wator for onsll-

urbon or rurel conmmnitics ore uctually derived £

"i
¥
e
£
&
3
[
o
L

of records of cumioting supplies znd also the zopulation served.
The increese in 2or canits  consunobtion iz then Jec

order to deteruine future cden ign 21lovances,

I Surinon the
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sn2ll syctons which hove Doen coteblishel for soveral yeorg.

For erzunle, the avere:o Per cepiis uszre for the Xlzookreol:
Systen is 10 1/¢/d, while the averzpe for Hieuw Hickeric i
204 i/e/d. Conditions other thon noriscl u ere tend to causc

these ertrene values 6o aevelop.

In view of the abkove and ais0 beesuce watop consuwintion

dats in Surinon tend 4o Ge linited in aconc and availability,



the aversge ser cenitz us~re vas estincied on the Lasic of
Judgenent, couditioning the Judrcumcnt in secopdance with

experience *pained in cther developing countries.

™M
T3

Consuners were divided intc three crterories
folliowo:

Category I @1 Occunzats of dwellings cupsolied & sincle
Fordille wvolve, but vithout ncteredl service.
(Theose velves are self-clesing and will
Celiver only 2 certain given cuszatity of water
cor ezch opening of tho valve),

Caterory IX: Occunanto of dwellings supslioed Ty &
cingle tapn in the Jwellings znd rith
rcterel serviceo.

Cetegory IIX:0ccupmnts of dwellings which contzin o
variety of nlunbing firtures and hove

oetered scrvice,

It iz noted thet no specizl considevetion is civen o
public stond pine usore, THhile thio type of service cuists €0
z degree in tho country, theo sovernnent ic seehkingr to Jdiccon-
tinue this amprozach, providing inctend the Fordills valve
service as the winimua socontsble. The Executbing LArency
concurs in thic procedure, decning it desirable to nrovide

individusl services vherever poscible.

ITT.2.2.%, Category I -~ Consuners

Thic proup of consuncers is common to 21l smell
urben 2ad rural cupnrly systoms in Surinan. A study of the ratio
of consusier types in these systens showed thaot snorovinately

35% of the housc services £it in this caterory.

Bstinstes for donestic ser canits usapces For the

several years covered Ly this project are oo follows:

Cormissioning yeor - 1972 30 1/e/
I15«~ycer desim year - 1087 a0 1/e /.

Ultincte Plan Year -~ 2001 50 1/e/d
) Iii-%4



IIT.%42+2. Category IT  « Consuners

aimilar o the Cotegory I groun, these consumars
constitute approxzimately 35% of the tobzl number of house

services in the existine wzter supply oystenc,

Ectimetes for domestic per capits uscee ore given as
follcwn:

Comniccioning Yecr - 1972 5¢ L/c/a
15«¥car Design Toar - 1087 70 1/c/a
Ultimate Plan Year - 20061 90 1/c/4

ITT.2.2.3. Category IIT - Consuaers
This group of conswaers occeupy dwellinpgs which
constitute approximstely 307 of the total nunber cof house

gervices in the water supply systens,

=5
o
o
%)

inates for domestic per capits consunption are

Comnicssioning year - 1972 70
15~-Year Deaign Year - 1087 o0
Ultiiate lzn Year - 2001 110

ped o ot
S
Ofo0

S
R

IT71.2.3. COHSJMPTION ANALYSIS

Obviously, not all thce systens 1o be built in
Surinan will be counlgsioned during 1972, This datum was
establiched for the initial feasibility ctudics; aad, by
utilizing the above eyles as a2 standard, coaparisons auong

all systen designs can be nade.

In addition to the estinatea of the por capits usages
for the above catepories, furthor concideration was given
with respect to the probablc changes within the categorvies
which would obtain sulsecucnt to the crpericncece gained by
users., In other wordes, it was anticipeted that the srogress-
ion from Fordilla valve servicc to single-tsp service o

"plunbed=house" scrvice vould ¢ake place. It wes also

ITT~15



ssowaed thed, in the average water cupsly systen, the nwiber
of crnnections wouls incr.ore. ith regqord Lo the typces of
seprvice, it oo soouned that during the first Li-yeer seriod
resse frem 35% to
40% ~ = trend vwhieh ic siniler to thet in Parcasribo. Thus,

the number of "jluabed housces would incr

tiae rensining 0% mall he fairly evenly Jiviled wsoong th
tiwe tynes of sinpletzsy service,., This situetion wroull theon
Lo ascwldes to holl poelatively conctazat until the Uitinzte

alen yoar,.

Further it wes estincted thot the nerceontore of duel-
lings connected durdag the firct year of operation of the
iztor supply systens uoulld be anproxiunately 25%. Thic pere

centise vonld Lhen ke cssuancd to incressc over the firct

Lv}

2
15~year nerisd uneil 90% of the dwcllings would e connccted.
3!

e
renain constent until the ycar 2001,

Liar

Lrezin, the percentare o uses connected was cosumed o

Per capite concuipbion including 2ll uwces and looces

[

nrojected through the design cycles wvere develoned zz folious:

Year Douestic per Industrisl, Commercicl Unoccount- Lverape
Cenitn & Ing tltuuleuml ast for per capits
Conou: >gion . water 2 conasuiiyt-
T % of Douestic 1/c/a 5T 5% CORTULL
ot totzl icm

_ 1/e/d 1/e/d

1072 £G 10 L 12 G7
1987 &7 20 13 20 100
2001 36 %5 22 27 135

4o shovm above, the value for industrizl, coaacrceinl,
and institutionsl uses were estimated on the asisc of probabkle

crovth in thesc scctors rothoer than octuzl zati

icipated rrovih,
[ 5] - o -__‘1 R | sy ey o, oy e t'!.“ﬁ t - i - .,‘t
D1INCE Mo OLricls t‘.iCJQ;.O;J;.lDIlu ticiha L..eC.L’l «.ACCE"J u’f Covemei:
2o yot theMindustrisl estate™ concept connot e applieﬂ, nor

is there cnforce:sent of strict zoning ordinances, Thus the

zpove values roepresent estlinstes ondye

FTTTw1 A
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veter concwimbion..

=20 SO0L Ny 2007
25 (=)
T2.533 772.00
5. 8o TG0 500 5,503
: {.000 “O. DO £20 .02
TiL i3l &L Jepdilcio ~2.L00 7.6 20500 .30
Houttuln /.00 o uae 770 L
RN S 14 wLLEDD 1.2 7053
_%. EDD TILUoD LoRED L300
5LED e 1o <3 530
Voselur: 4. 000 C.neo it a7
$.000 1C.700 £30 ARG 4
3./ 50 2¢. 500 yor 5. t00
1,000 %, 15D R 250
. 950 5.1y S E 870
Jeowurinsa e I;oactrdsl e
Pro-moag oL 800 A e NS f)G
Aliditon . BED L.l ED LLz Nae
aﬂleglaen 2.160 3.750 216 375
Qroua IT
A. Saranacen Distr,
 Groningen & Tambaredio 10,800 138,800 1,080 24550
Calecuttzs & Tijgerkreck 74050 12,200 765 1.645
Hildeshein 2.160 3750 216 515
Kempong Baroe 44330 7+ 500 433 1.015
Bs Coronie Distr,
Totness 44860 G« £00 £86 1.135
C. Hickerie Dictr,
- 8WC Ares of Sunply
Wepeningsen 54200 9.000 £20 1.220
Groct & Klein Henoer 6. 300 10,900 630 L.47G
Parcdisc 15,190 26,300 1,519 34550
Corzantijn Polder 15,190 26,300 1.579 3. 550
D. Brokopondo Distr,
Brokonondo ' 1,620 2,000 162 377
Klzaskreek & Loitho 7 000 12,200 700 1.645
Brounsweg 3. 800 6e 550 380 852
Ee Comnewijnc Distr.
- Harowijne Distr.
SWC Lrez of Suoply 758 14350
£1lience, Killenstein,l!Bsperanca,i.730 3+000 173 405
tloengo 16,800 16.800 1.080 %4 550
Albine £ 4860 8.460 486 1.135
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S nooed in conncction with thoe ahove table that

=i+

it
the population cstimetesc ire sulject to chanse in the zctusl
design phoce Tov sone of the slove commmnitics. This is
beczuse tho comrmmities teud to overlen in somc coses QI
in other cases, the inter-iying pooulated nrezc cre included

in given water sunsnly oystens.

Ir1z.2.4. DESIGU CRITERIM

TILe24/01s Populstion grouth

As previously nentioned, the cveragc growth in
population isc zssuned st zonprorimately 4% per year sinec
zctual trends or conceintrations cannot Le ccourately
ﬁrcﬁheﬁgcﬂ. L1 projecta ore bosed on this nopulstion in-
crease with zn interin Jesisn nopulation reached after 15
years. Loczl dnductrinl expension is includesdd a2s = percon-

tape in Ghis 1nturin.ncui cn Fipure,

IIT42.4.2. Rote of water ucare

Averepe dnily use = 106 */ﬁeruon, including drink-
ing, cocking, laundoring, toilet Flushing and bathing. Pezk
Jeily use = 250 i/porcon. Huabher of persoacs ner house do

catinoted at & porzcns,

ITT.2,7.3. EEEEEhEQEEQ_EEE specific purposes : (peat: flous)

- e B

Hovic theaters

werase copaeity 1,000 sersons, with 3 nerforusnces

cn Baturdays, cach lasting 2 hoursce. L11 other doys

3.0 13

hourly: 0.5 a3

F
f
[
=
s

aestauranto

werage capacity 35 tables, 4 personeg on 1 talle.
Uceld the most on Scturdsys from 12,00 noon 111 Sunday
morning 1.00 Olelociz, 4Alse includcel sre kitchen and

cleaning use of the ucter.
IiI-18



dzily ¢ Cu5 ¢ 5
hourly: G.05 2

Averege 100 sorsonc nescing through eovery hour at
neaktine, Llse included are clconing uso of water.

Peelitine lacto 4 hours/doy.

g Ty 4
i e i -

.
hourly: G,

Q
o

12 grede schocls and 4 preschocl
classes, Also included azre pardeanings ond cleaning of

the usver,

Service ctations

Station

Py
a
i
]l: =L
’-?-
o
]
0o
[}
L
&)

filoso included are cor ucoching

will e open for 16 hours/dey.

Ceily 3 21,0 ?
: rly: 1.

Swimiiing neol

%
Voluae 900 n”, Clesning of nool every 4 uccks.
Inciunded zre cvanorsiien and water losses. Grodusl
chenge of water volune is 10 dzys,
Jeily 1 900 o33 (every 4 veeks in
24 hours tinme)

hourly: 37.5 a°(every 4 woeks in
24 hours tihe)

daily @ G0 aversse Juring A
3 trecks)

hourly: 3.75 a7 (cverzge durineg /2
veeks)

Governuent of fice

In use for leocal aduministraticn tasks, 40 Buployees

- - 2 ; . =
working ¢ hours a day, Also ineludcs water used for
cleening and gordening., Ho woiting room for visitors,

dailsy 2z 2 oY
i1ly : 1y

hourly ITI-19



Begcreation mudlding

Capacity 200 nersons cn Ssbturdays, ond

‘for 2 6 hour tins pericd, Also includes

wpilding ie uced

rater used foap

Litchen facilities, cleanisy end gardening.

Medical builcdings (Pelikliniek)
Capaciliy 50 wvisitors per doy and § percons profcscioncl
stafl. Building open for § hours a day, £Lisc includes
vater for cleaning.

dzily @ 1.5 m3

hourly: 0,2 mg
Churchen
Wilt be eslculated on a surface arez haosis, Averasc

flow per hectare = 500 1/:%:y,

Sheope for lMaintenance Bruipment
Flows bzsed on a shop which zcerves 2
ares, consicting of p 1

cof inconc, h racks and

o
Inclufed are
3

atier werk cleaning. : E T
daily : 7 o” 2
hourly: 0.9

IIX.2.4.4« Distribution 3vosten

1,000 persons
»ople with an agricultursl tyvpe
water use for

hoz will bLe open for § hours/day-

A1Y oystens are desipgned utilizinge the Hazone
£ £

Forcuala

@ = 0,0103 C K D

W = rate of flows, cfin.

C = friction coelficicnt

Il hesa losg per 1,000 £, of pipe
b = ciancter of pips, 4.

For cuct dron pipe, € = 120

For plastic pipc, C =130

For h.C. pipe, L = 130
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asbegbos cencnt pipe ic used with sizesn

L;
-
T
ﬁ
O
"y
et
b5
i
fradk
£3
!
ct
[N
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T B e -
pipe, fron 6" ond uo cabest
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ITT.2,2.5. Preccourco in Digtribution syctenc

411 oyotens ere cvilusted with the Hardy-Crosse
nethod in cerder to catsblish iressures o the duncticnt points.
Sinee moct howes and Luildisgs in raral zrezs do not exosad
two ctorcys in heipht, s ndeisua recicduai pressure of 20 noi

.

12 naintoined in th C LRSS .

cw

ITT,2.4.6, Fire Protection

ke g A VI B B vy A oy oy

In rwoot rural zrez 5, no firc srotecticn is bBoing

-

considered, noinly because the dwellings are wifdiciy onaced

e

and hydrants for Firc nrotection cannct be coononice 1%y
uctified, Moot of the dwctlinge arc loceted nlong irrigstion

cznale with water reedily available ot all tines in cecc of =

fire. Put if firo G i i i Bl

i « BUT 1Y Lire protection ic justified in built-up sress,

Hininwi prescuress will be nzintained at 20 psi 2t the firve

hydrants. Accumptions sre nade that these crens caa be

served Ly firce puuping enmines and that

i

1oeal Fire stoaticn

o

centrally located serves the community.

firc Floy
= 250 gpn
= 500 ¢

For built up murel zreas with z population of 1,G00
it H] n Ll ) h i i
1,000

F
H n N n n n i noo2,500 B/
&,000 ¢

v

L0

ITT.2.4,7. Rato of flow in  the fictribution ovotom

e L e e e ki g . B ey Tt T 4 S T o ot T T R P i R Ak v A et b . e 1

he Hz fire protection

The systens will oe designed for nesk flous,
g

crrived at by adding the

o
i

zsont nopulation and

[

o
- T2
Geponcing on the aren, the est

f:h

nated future populot-
1ons Fo Thio totsl are added all the aiscellrncoucs

_— o et i .
rowa, such ez Inductrial, Comncreizl and Trnotie

IIT-21



The systeoon are designed for servicce denand and

fire flcw {at ome zoint on the systen). This firc

ry

Tlow point delivering the full fire flow is cste-

Lliched ¢ the wost distant noi

i

from the Zource

=
et

of supnly. Pressurs 2t this poin

ot

= 20 »5i adninun

(residuzl pressure).

IIX.2.5.8. Storage

A, With nc fire protection

L ground storage tank containing 504 of the totsl
averdge delly flows is designed at thes supply point,
w In addition to this reservoir, cleveted storage
with = volute necessary to provide working precsurcs
in the distribution systen, is also included in the

individual desipns.,

B. With fire pnrotection

Totzal storags capacity depends upon the Tire flow
rate but is sufficlent to fight a fire for 1% hours

+ 50% of the total average deily flow, fin elovated
tenk is included vith z capacity of 2 hour fire flow
plucs the capacity necded to naintain suitable working

roasures in the svstan.
¥

IIf,.2.4,9, Punping stations

Stetions aro sn2ll and designed for the averase daily
flow, Punips are considercd sg operating on 9- or 10
hour chifta, since sutonotion of the punping station
i6 kept to 2 misicun. The design includss snace for a
suall office; storage space, transforier house and
living spacce for the carctaker {only if the size of
the stotion warrants his €ull time prescnce). Elee-
tric power ie used @z the mzin suppiy of power.
Standby poucr For ths larger stotions is considarcd

in the forn of dizsel enpinss,

ITT-22



I1T.2,4,10, Pipeline Corrcsion and Incrustation

ince thoe »ipe %0 e ased will e slastie, asbostes
cement or cast-ivon, corrosicn or incrusteticon will not con-
stitute a probic:

During the cerly stzges of the project ssmples of
plastic pipe were tzken from a S-year old water supply sySten
in order to exanine thesc for deposition, incrustation, or
defornation, while there zpnesred to he a very cwmol
cf iren deposited, no scrisus problens could ke sttributed o

any of the above sources of 4ifficulty,

I71.2.5. Pegsirn Pericds

(2) Land Recuirensnis.

The prescent situation in Surinen covering land
ownership iz such thot, oxcept in denscly populated crees,
o5t of the land is under ceantral powverninent control. There-
fore, the precurenent of land for nznjor slenents in the water
supply sSystens should pozc anc problen even if these needs are
projected over = 40-ycar period, It is assunwed, howesvor, that
the procurencnt will procced within o reasonable length of

tine, thus oprecluding the occurence of leter nrotlens,

(&) Major Production Elenents,

c

The dooign pericd Tor buildings is estimatoed 2¢ 40
yezre, as are the oncrete structurcs, such as filters, storage,

¢te. The nechanical couioocent design nericd iz 15 vears,

Elevated storage desisn noriod is cstinnted at 25 venras,
L] a E

(¢} Distribution RElemcnts,

Bince the pips sizes sre relotively sanll the
design perdcod ic eotizoted at 40 yorrs, Alse, the differcnce

t
in conztruction costs betwsenm short-tern and long~-torn dssign

[

periods tends o o acdercte becausc of the snall gizes in-

vodved,

Shortor doolign perinds than tho cbove cen be justifisd

on ceocnorde prounds for sruivnent oo lines, Tor oxarpla, din

H

-

those arcas in which replocensnts or crbongions do not cause



severe dislocation of service or public inconvenisnce, fgtual
calouletions on the boois of prosent worth can be performed,
but the interest rates for capital developaent are not of-

Ticislly availabile =% the tine of writing thiz rsport.



PLRT IIT -~ VATER BUPPLY

(3cction 2 - Uster Suclity Recuin clents)

TIT.3.1. GEHERAL

This seebion decls with the Jeveolopnent of ths Tuture

wsber demsnds of the projoct aver principslly as affscted ¥
the teater cuslity recuirenents Sor drinking water ouwrozlied.

Woter ﬁemanjs, oo use” heras , refer to divercion reruirenents
and not o csnuﬁﬁ ive use, or in other vords, the cobtobl
water demcads resrvesent the caounts of water wihidch hove to be

derdved from cither grounducter ov CUrifics SCUrceS.

The wotor cuzlity stonderis Hrescented represcubt ths
ainimun recuirenents for bactericlogical, clhiemicznl, and shysical
characterintics of vober for douestic woe, Theso standords will
be helnful in ascessing the suitability of the various sources

cf water sSupiiy.

IIZ.3.2. QUAHTITY Q[ESUIGSHEITS

The total woter recuirenent of the nrsject eress 1o

that cuantity which anct Le cvailzble to neet the estinated
r

=’r

fature Jdonecstic ond inductrizl wat
ions of the determinstion of the bkacic Jdomopetic and industricl
o

reculirenentc vere sresentel im Ho

ITT.3.3. SULLITY RAECUIRELENTS

Stonderds reloting to the cusliity of sublic water sunply

SYSLENs &re 5o Sa T s B

Porth in the World Heelth Orponizotion. Intepr-~

o

netionel Drinking oter Standerdo, 19631 edition. These otaine
Czyeds preserile uwinivun reruirenents for the bactericksgical
sl chomierl chorcotericticen of fir nking water cupplies. The
0 Internctioncl Drinking oter Stondords sre congilered to
Lo vithin the reach of all countries throughout the erld &L
the =resent vime. The VHO Zuropean stondards for drinbking inter

(19570} wrerc cloo revieue! Tor onoosillco spolication to the

SBurinsa wotcr suosilies, buf 1o vng deeided o conoider thase
wooo Tagzt ston! in developaent.
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shouls =z rched here thot the ~ucliity recuircaents

b
£

disoucced herein ~re Lthooo 1Jnlcﬂ, unless stotel obtheruise,
aast e oeintoisad within Lhs stribtution systen or in other
words reflect uster susliitics ot the point of uoo, These ston-

"

dardo therefore scrve oo o very useful tool in ascessing the
=

relcotive cultziility of variocus scurces of cupnly.

Wnter ””"11uy sfrm s ore condidered in the thres
folloving crtegories @ physicnl stonderdo, Uncteriological

)
standards, sad chondenl cton 2008,

I1T.3.4. PHYSICAL CHARALCTERISTICS

2 the VHO Internciionsl Drinliing iloter ctondords

it ic ctiouloted thst turbidity of the water reaching the
censumcr chall not excsel 25 units, thot the color shall mt
ereced 50 anito, and that ohjcctioncile taste or odler should

A

hove o Jdirect

{"\
~

not Se nrescnt. These recuiresents, Lec2use th
ring on oublic health, ooy aot need to be rigidly enforecd.
Turticdity ond coler 1inits ont freedon Troa tacte 2nl odor
should he hased on rerdondl_ e Judrement and discretion, giviag
due considerchion %o -1l the leeczl foctoro invelved, Accesntance
of drinking  wober with o relotively high coleor level ic common

to several aress in Surindi.

IIT.3.5. DLCTIRIOLOGICAL CHARACTERISTICS

Flethods uses to evoluste the boicterizl cuwality of public
vober susnly usually invelve fechnicues vhieh are fesigned te
demonstrete the orolelkle nresence or sooeance of pathogenic o

sease nrolucing ormemdsnc. OF orimocrey significance cre thooe
orgenisne vhich cre knoun to Le unbertorne cnld noseibly azy b
transuittel through the nediaa of »ullic woter supnlics.
Ltotusd leborstory orocedures are not desipnel to ilen-
¢ify snecifie 3rthorons Loeousce the iselotilon ond idontilicat-

ion of gsuch orcsondsns involves tedlious ond tine consumiag

L T - » I

bechaicues which zve iwnrocticol for routince Jurnosco.

II3:2&



I-otesd, orocedurce orecently used involwve the relatively sinple
$ o

P L)

cxoainstion for the sresence of opponisne of the colifora or

L)

intestinrl sroun viaich are found invioricbly ia the pressince ot

Lag

uroterikorne aothopens, Identification of coliforn orEopisng on o
s, while relztively cimple, ic not entirely scotis-

i
freotory. This is Lecause sositive wesultes ove ororuces ot only

wy noa-~ssthorenic forae tut Ly cerizin other forna vhich orioinate
in coil a7 therefsre heve ne cgcocichion rdth the intestinsl
tonehe of nmen or of wory Licoled snincis, Btendords of h:cterial

cuslity, o estalliched by the WHC Ianteraotioncd Driniings VWoter

4 .-

sondords, recumdire thot the orithoetic meon occliffor. lend ity
should not sicecd one apponiciy in 100 nl of woter. (This ic
essentizlliy ecwivalent to the Pullic Hecolth Service Drinking

Uater Stondords of the Ul3. Gevernuent).

The 1imit of boeterisl loading corried Ly & water prior

b

] - -

o ihe brentnent for ouilic use is sloeo fefined dn tho UHO

*

, n - . . 1 e i~
stonaordc. The HHO Stenfords cobSeperise rov waters indo Jour

L} . ~

rroups, 1% hacod on desrec of Dacterial conbominztion, =5

folleous:
DI 100 Al colifoma
Claooificatdon Lrneberic

calie to
0111_”— T EEE AR O-‘SO

TI. Boeoterisl cualilty recniring convernis

o0 ™
Yieing

ioncl nethole of trectasnt (cozpulni-
ion} filgrz+ien, disinf Cctﬁﬂﬂ) s ersaw 50-5000

I1I, Hecwy neollution rorulping citensive ©yoes

of TEERTIIEINT aeddt b hvsasrunrsiasnndrss 5000“563000
IV, Very hecwvy nollutbion, un: eatelie
unless dpecisl treciaen land ol

for such wretelr ore used DJTCS o Lo
- - - . - . - . - Is
usel oniy Whth WATTOL IS s eesennesss sreater thon 59,390

T

T sl dsmton o the shove Jotn cerbaia recommciilobions
= e U.9. Pubite Heolth Service anl are

w Ceveloped oy G
civen im £ Manuol of Reconstendel Vaoter 3anitotion Proctice®
srencrel Ly Ghet orency. In eonsidering the sulject of brent-
ment el uirencats, the masusl clooses usters in Tour Srouns,
o ¢ legreoce of treciuent reguirss, oo follows

TXE~27



(=} Groun I : lnters recuiring no Greatient., This groud ic
Tinmdted o unlcrorouns vabers not fullject o ony 2008d-
=ility of contomdiaction =ml eeting, in 211 respecis, the

couiranents of the UY.3. Puclic Heelth 3ervice drinkddag

zter stondorde o schowm Ly szbtiolfoctory, repulor, ond

{1
E]
*

frecuent canitery ingonections cad lacorotory Len

(L} Groum IT @ Vohberc recuirinmg cinple chleorinztion or itc
cruivelent. This rour inclules Loth ualerground ond surfscce
voters oucject to = lov degres of contondnastion oald pecting
the culrenenis of the U.8. Public Heclth Dervice drinlting
mzter stondards in 21l respects eixcent coliforiy Docbepiad
content, which chould sverass not wore theon 50 orponiznc

per 100 ol in zny =onth.

{e) Group IIT : Usters retuipring coaslete ronid sand fildtration

treatinent or its cruivclent toookacr vith conlinuous post-
chlorination. Thic grour dncludes 2ll waters recuniriag
filtration trectument for turkldity snd ecoler rewmeovel
weters of high or verdsble chiocrine Jemond; ond yiter
nolluted Ly sewige o such on sibent zs to be incdmisoible
te Group I Aol II, Gul containing o nuombor ol coliforn
Lacterin aversa,ing not nores thon 5,000 orgonisnc per 100
ml in zny oue aonth ol excesling thic sunter 10 nol covre

than 20 percent of the senpies exauined in any one month.

(<) Grous IV : laters reculring cuwdlicry trestaent in addit-
ion to complete Filtrotion trestoent and nost-chlorination,
This groun inciules usters neeving the reouirements of
Group ITE with resnect to the liaiting monthly averspe
coliforn nunbers, Dubt chouving ounbers of coliflorn Laclteris
erceelin. 5,000 orgraignn oor 100 nl dn oore then 20 per-
cent of the szmnles ecuominaed Jurdng oy one month and not
erceeding 20,000 orponisas ner 100 ul in nore than Five
aercent of the sannles coondined duprdng any one wonth,.

t chould e antel) here thot the tera "iusmiliary trectioeath
a6 used in the nlove disoucaion is oresedimsntailion ox

prechlorineticn, o

k3
13
o
ol
¥R
*3

sruivalonts, cither sepxorctely

o ecombined, 24 0oy Le necaessory. Loag-tisle nonlding or
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storzge, for neriods of 30 dayg or nore, repiresents o

2eranent and relirsble saferuzrd in neony cases, and
M 1o PR R, T - o - o~ i supstitute
ourd 2rovide somethling morce thon on effeetive subs e

for one o> woth of the other methods indiczted.

ITT.3.6. CHEHICAL CHARACTERISTICS

Domestic Use : The Limits for cheniczl elements or

CoOpowMisS in water are divided into mandatory recuirceucats
for certain substances ond recommended eriterin for othera,
The mandatory or or wmoidomum nllousble limits sre shovm in the
firet pert of Table III-3. The non~nandotory but recourionded
linndts for lecs coriticsl substences crc zlso showm in Table
ITI-3.

Industrisl Use ¢ The chenical choracteristics nre-

sented in Table ITI-3 represcng cuzlity recuirenents for the
use of water by huaman beings for deinking and other donmestic
purposes, Donestic wster use is conceded generzlly to be the
ariasry 2nl the most coesentizl use of waber. Specific chorze-
teristics =nd cuality reouirchnents for industrinl use watar
2ire mot included in this report sines the industrisl usage

hes not been cleevly sstoblishod excent in the Poramaribo

SEPEE .
T/BLE IIT1-3
WORLD HEALTH ORGANIZATION SJTANDARDS Fon
CHEMICALS  COISTITUENTS I¥ DRYINKING ATLER
Substonce Bosripium
LElRowskle
Conicentration
{om)
Lead V.08
nrsenic U.08
Selaniun 0.01
Chromiuwa (Cr hemxavelent) 0.05
Cyanide 0,2
Crlmivn 0,01
Goprinm 1.0




Hon-pendontory Linitc

T T A il | " T M- * 1V T WRCT U mm et s b T lmmatemeemm w1 R L AT ey o - -t Tl

Sunstance ' Haisaceeptanls Flast. cllowelhle
concentretion concentration

dpmar

Total zolids 500 m /3 1500 g/t

Colour 5 units 1) 5C uaits 1)
Turbitity 5 units t1 25 unita 1)
Teste . uaobijectionshle -
Glour uncsiecticonalle e
Iron (Fe) 0.3 ag/1 0 ag/l

.
Hengonese (Fa) 0.1 og/1 0.5 e/
Conper {Cu) 1,0 ;e/1 i85 me/i
Zinc {Zn) 5.0 g/ 15 ne/l
Calcium (Ca) 75 wag/1 200 ne/l
Magnesiun (Mg) 50 ag/t 156 mg/1
Sulfzte (SOE} 200 mz/1 400 ng/l
Chlori e _“{Ci) 200 ur/1 600 /1
oH raare 7+0=8,5 Less thon 6.5 or
Froesver than 7.2
HMepgnesinm + solinn
sulfabe 500 =-/1 1000 mp/1
Phenolic subziznces
(22 shensl) 0,001 me/1 ¢,002 ng/1
Carbon chloroform
stract (CCR:icrgenic

pollutonts} 0.2 wc/l 0.5 mg/i t1it)
ikl Benzyl sulfonzsites
(iB3:surfactants) 0.5 me/l 1,0 ag/t

') Pistinun-cobolt ceole

P ) Turbidity units

" t)Concontrations grecter thon 0.2 a5/ indiczte the necesaity
for further snzlyses to determine the cousative eient.

Industiries cre penerclly willing to czeecent for oot
processes woter thot aecets drinking wuzter standards. Where
ater of higher cuslity is nceded, Tor exennie, For certzin
electronic e uipment aanulacture, food and Leverage preparation,
or For high-nressure toiiers, daductry wmust recornize thaot
zdditionsl water trestment ic the resronsikility of the water

nEar,

The THO stenderds ¢lescify the chomical comnoanents of
vater resources inte four grovps : () those compounds affeci-
ing potability ; (2) thossz asving definite effects upon hezlth:
(3) those coemonents Lhay are defianitely tode and vhose
presence in greacter thon the limiting zacunts would be sufficient
grounts for rejecting the weter

23 & source of public supsly ;
end {4} chomical indiecctors of meliution The recomneniled

stendards for ceel of thesc Frouns are 28 Tollowus @

IIT-3G




-1

(1) Conzouwnzis offe Linsg thoe ootohititgy of =

]
=
0
b

[ S S S -
ouzshoane =3lo

lizsinan
rrebla 1dmdt

Total Zissclved solidco Fe A s ks AN T E Y AN 1SOU mg/l
TPOI ewnsaaesmensncstsardssrsranatananenss £o ﬂg/l
Mengenese (ascuning that the auncnis

content ic leas thon 045 /1) eesnenvnraa 5 g/t
CD;J)CP {":) R E R L R E N N N I N T N Y N N I R 1.5 .t‘.g‘/l
ainc iE} S R R R R A N L T A S A A A N A R I mg/l
Mognesiun plug soliui Sulfrt® seesceseavs 1600 we/t

L1771 benzyl sulfonstes (ABS): surfzctonis

(2) Copmponents hezzardous to heslith

[Pt A 6 T

Sulstince cllouvable linit
Witrate £ I‘IO,,...-ns-------o-t--oo.u---o-o fs 331["_’.'/1
ot
Floord BN RN R YA SRR NS SN E R R kRN 1-5 ﬂE/l

(3) Texic Suistancen

ldooeimmn

Sub.stence 23lowabie limit
Phenolic oulstoneeS seosansarassarvassnssa 04202 /1
APGENIC sassasussnvsnnsssnavesssnsnnsnsens 3.5 np/l
Colmitil wesessarvosasoncsensanssanssonvansnns C.0L -/l
CHromiiUll cssnanessvsavsenssannosnasssrssenan 0,08, /1
Crinidl® sesassensssssnasnsassnassseasnsnns 0.2 =/l
1ofi? s easssanenttnmnnssesnnanosacsnsnnses 0.08% =g/l
Belenillil veaossassarnsasesansasassasssanss 0.CL o /1L
Reddomaclides {eross Lokt 2ctivILY) eeesee 1000 jassg/

(4) Chemicz! Indicziors of DPolluiion

o skl Mve: 3 k]

soicator »inait of nellution
A, — -8 ey -1 I N
Chomiecsl oryren denand {(COD) nrierensnasess 10 g/l
Biochenicernl ouyrpen Jengnd (BOD) tsessscesan ¢ /2
T{)-tt"-_'-l nitra[__:ﬂm C%l:':?_ilsive Df 1]03 N E R R EREEE R 1 3:1E/1
Amagndic (HHB} R N N L AL E N N E R T Ceb mC/l

Cerbion chileroform exirnet {(CCE) orpanic
sneilutente (e} .. G.5 20/

.

Grefoe 1 oo/l
=

L N N N N R I E I R R E R Y
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Concurrent with ths ‘et
ericting end catiecinrtes Jensnds
Amne trapa 1371 ~nelron o Leoors [0 E
~ioniis VfErse ann GIL [k w [ SR FTNER I 51

(o ) o

cusgion of the oceurenecs of woioos

Surinzn receives rn shundonce of roinfoll, wanst o7 Tmign
7
the neriods [pril to July sn? Deceoter Lo Februzry,

ng
« loerge port of this srecipitotion ic corriel northirars £o Lhe

824 Y the oeverzl rivers cnl their Lributsries; the rost, eiceldt
for losses Ty cvenorstion and trinssirafion, ceeprs into the corth

SR Y cerve to rechorie srounl Troben Supnl
gurfzee cupnlies froo cireous, froa ~ ~uality stanﬂpoiﬁ+ oie not
clueye ouitohle for lonoestic conswanbion nloess needel conlitione
ing is scecenpliched throush suito:le reter trestaaeat,

In wost srecs sone roiruater in svailable fron couonmucnts,
and this iz 2 populsr oravce of yster during the wet cennons,.
Hovever, cotchuent crens eond collection tralkc hnve enly Limited

capacities zn? supnlies ave generclly desieted well before the

raing of the nexd wet 5oIAGOR CoILICDCC. Thua, during the hot,

Gry seapons when wrnber is uost urrently neesel, roin yoter
cunnlien Mucame ernzucte] sal ceuts wrohlons Tevoion ool thic

retuires eacrreacy action Ly povernment officicls, thich inw

volves the previoasly Siscuscel trangnorting of unter ove
Lreat dictinees Tor Jdstrilution te the neorle. These situctions

show thet reinvsiter cotehuent in the voos nojority of cooes
c2anot te Zepended on o supwly ralistle uster service

thirourhout the veor.

Groun wrter gupnliez slso present rrollong; thic do
true larcely from o stondnoint of ehemicol cunlity. Jnter frow
acudfers in the coastal plidier, vhere the izrger concenterosionc
¢f ponulstion crc teund, frercuentiy contoing large nuounts of

TIT~33



~
5 3 & 4
SRR 51 ! = . "y
o L= I T T B I L i r = | I =
47 LI - O ™ . 4 [ ) ol g Lol 'e)
o W™ e 1 e R 1 3 ™. #] a3 o W 4 o
& 4= S B  BS ] 40 a oI S & 3 4 L e 43
I & I WL D koo 47 R o L T O R a0 =t T ST B o
T E Y L R L A D | ST o NS O T T 5 T =S N S T T B AW [ moon o
Bt 4 3 L WO 43 L b Gosr B0 £ o W e
) 3 L5 T R B L2 L B Y O L ] [ B R
i “ R4 i B o R ST B | 0 PR 6 42 @
Lo Ty 4300 0 s 0y = oW L3 T o T o T L o
¥} 1 ¢ s} o I o owmoow I e L) VI Y o
T el ™ o a0 - @] W L o o1 o L ) [ £E
T e [} A w G aQ I o o [ - B PR B 75
W el U i v i et O 8 3 LU A o0 o Ly
o R ¢ wi ) ¢ L . wooon o e & I S Iy 0
o = -t 3 S B AT S Y i B L I+ | o
L B B TR ¢ il LM ooowmod 8 0 «r} O IR S I B g o
S 6 B N N L G [P T B W T £ 2 o R [ ST 1]
te &4 4 I ) o] ] 2 @ () I Al ¢
y oo e Ey AT R RN R L3 & S it} -r}
AR I oo R T I i £ S ol o
4 ¢ ) Fr A2 R I 5 B T &3 v O T 5 B Iy
b N L o0 oooon e o 3 o fa 43 0 -3
SOy 4 A 5 S Lo om0 L e T, oo =
o R AT I, 0 e oo %)
S B 0 0 0w Gy 43 U i SRS £ @
VIS B =l “ord gnl i 0o o wl
S 2 a4 2 2T o R - YRS S B R IS S o6 &
t] iR oI o0 WM S | o £ 43 ]
r "w LR [ I ST o R b [ O & I U b
M w2 rl A BN oo 1 7 I N VR 0 o
bV S e T o I R o -SSoa i H 5
B S N o = 03 e fu o] } S B RO (O o v
noon oy ty 00 TOTE T PR S T i 2 O 0O
I B T (ST = G b 7 4] o=
LI [ I o Loty =33t B [T TR R N ey
0 Lo & W0 e QT SR T s B & B A I 0 4
KT S R o 42 ¥l - -]t SRR R T B SRS B g Q! a2
T e ELs B YR o " IO R & B A T T LIS S [ b f; i
L DR N 4 9] SN ot 0 o et 5] e L2000 v L
B . L 2w [« NS S v T =S 0 N I R B & T B v B %
e o & O O i -~ td TR D T R ST 4 R R N ¢ I 43 . oo B Ts
s T £ oo ol S o T o BT el S R rar £
- DDy U ) i I U S R I = i _ Lot
ote & ] 0 i AT S o % S 10 B e 0Ol 1} o=t %)
n £ & S £ L i 5 Fa L i 1 4 ¥
vioom dr Fa s = I ¢ R N I I i+ B ST 4 - Sk T
S U R T 4 N oo &) Wl A2 el 0 v . £ 3 wioedoedd 0O
& e T S R =m0 T S| o AT IV ] o X
2B T B 4 I qa o I BT S A o3 -ri =) TR U R A U
= ¢! o4 oon AT - + Cal B4 w0 3
S o < e [ B O ot e o L Y - = o I ou G
8 o B + TR ! o B S ¢ T & S ¢ ¢ 0 TR Il R N = O
el 02 L B Q 40 AT I S S~ A ey (Al
SR B ] 2mon i S v I m R N I . [ S S .
0 o LIt G O I BT - I I B AR T 5 xR e - N o
4230 o o T LI S P O = o "6 o0 e Joo0 W . . o £
IS ) a cr oo o ol 0N OB oA O 3 P I I 1= o ¥ 4
SIS B w B & o Lo TR B RS S TS B I O I I b 0 | o
S T4 T TS R ¢y [ T o T 5 T P (W' ity o R A IR v T KW H fed ta 3




L )] S
13 7 ] el .
(oI | o S ~ £ o I
[ N 4 L B tj o e o [ e
- ot ] ™ o T 4T " S S 0ty =
T R o I 0 o a i L S A £ . [ £ e 0
< N B Car T I SR O (I PR R o M a3 s -~ ool
e IR S T B <3 o} . CE S T G % o Y o B o B fo 43
n ow = [ TS R R I ) LSOm0 . < W Qg £ [ S R oo
¢ Hood g ed iy O G AR Lo O wl ol
Tk H st E3 + S [ g5 el a5 i et o R
¥ rd Il vl e o oo 4o £ e Ky o I
tio b S S B o L " a0 I e Ty
T . oS RN e SRS B o5 () i =o0on
b HoWmo2 e 0 @ N B AR R
s g L R R £ n i} a ol
i ] b O 2 & -l il Q
£ [ 0 AT R T 0 N O o B
fr 3 Y T I R ko A B T
ay £ W2 0 B o
: i o T O Lo 4 NI o R ft
o 2 e a2 S (o T S i
r e 4 i G 2 - th o i &
e -+ SR & T B ) b, O I
] ' 42 ury oW e o oo o
i i P <t N o T & [t R il &0 0
o< ™ w0 Y feoTh 000 = 1
™ [ B O r L wd o 43 i
w1 N T §0m o) PP [ENI b v o
0y o eIy [ A ! & A AT A S R v WL I
] T Y L QI = B oo I R 43
7 Y don o . G o T MR S e,
| T N G -+ ] fr 1) moon e L2 YN T4
a3 iR o0 « I L] ] [ T R s A O Y PR "
Ny t £ eI E L 4 T LI o I b
43 o L2 - [ [ I =« [ b 3 L] e
o N m 42 o D AR EOUN o B TR i
. 200m oo JX N sef e oo et Y [
@ e 43000 ST S _ s I w20
5 5 o & g I L e\ Toovef 6 L
ay o b I I e £: €} 40 R T R (I
b [ i [T € Y 42 Q) ST R R - b
[ 43 5 W ) ¢ 9] S g o e B T i 0
o o S T A B 1, g ST U B 2o O uo: oS
e () i AT O 4 ) o oo L £ o )
U i L R I & i w42 ~ [ B L TR B R S Y I o oot
elo42 S O o Ts [ PR R R S A -r] oo
oo v h 0 AT S T R B 3 b KR % 1oeh
ol G S0 - n e 00 b g A O & mio O
L R g Sn fu g TN S A TETE- R T O O A B & .
oo 4 L0 g O 4 i B T N ST R & B Y o
M e Li 4] NoB i Moo O O [ ST R b &
) ) PRSI 5 AL 4w DI O R R B 47
) £ oo 0 W S I ! WO S I R VA Y < H & oM™
o ] S T A W I & R 4 0 e S BT 4 £ VI (O I o B
42 0 e L) e L 2 e o Ao b M I+ T O B/ BT S v B i o
= & Wt D SR 6L Bofog oy 9 Hd o T 5
ot} ™ W D Noooowd b B PR i LTI U S A R B S O T & by a
! 3 T A o A P T 5 I+ s 0 42 dd [ B, VI w B SRR & T s B e & )
0 g% & W Do oo a0 S o B I A F R R T v
0w s R R R - Ty = B = KR T A P O T O L o u D 9] B4
i £ AR B R S = IS S R R T S i 2 O T ko O 0 @ L3 =2

-
&
L

E




|

Rotweoen 3.5 ond 5.5 ixp »er Aoy, vaich do oowen
vopriations in srecinitetion. During the vhele seriol of six
vecrs the monthly cvornre verdel Letuesn 3.0 onll .4 mm per

Evenotroncoiration froa astural verebotion depenis on
pa ]

b

£ zhe vecetaticn.

4

Little is lmnoim: cbouvt Suriaciy condtitions us in the above Sronc-
s)

portation obull - 3
aobinste of 1,000 ndf The consumntien of erons vories Letieen
600 on 1,000 /o, 2 resusts cetdnntbes thot in Venesuel:s

the evanorctien ig botucen 1,750 anl 1,450 maf/e in crdl arecc
andl Letween 600 =nd 1,000 =w/e in the valleyc of the indean

renre. The conswwntive use of crope in Coliforniz (U.S.4.) is
phom inm Teble ITTe .

LLDLE 3XI-4

Concsumptive Usc of Cronc in Colifornia (U.S.ﬁ.)

Ciron Evomoration {soil) ond Growing Average
Tronspirotion Hiond Secson  lanual )
.,
. e . ) ..  Trancvon !
inch/pe.nonth  Phs/af/0t1)  aonths stefal fr

;"f‘«-- -""4-

IR

L)
N
&
*i

Ce35
Co275

Sy
o
-

.
C?\CD

Truckx corden
Cotton

Citrus orchord

b T R |

jN )
.

[ S s T oy B
[ |
o
[T b B o S 4
O =T
o
L]
(ol

]
5
e
=
=
[
"
0,
)
y
]
Fooa
)
e T W

I} Soil evooorotion for 7 to § saonthe,pf growing ceasnn ot included.
- .
o

- . Pt s [ 4
11) Tints per scuapre foot ser Jay = oto/st/l.

III - -!"1 » 3 . SURFI-.C LR a.{'..T_u\

Urher from ourfoce suppliics (eilvers, susmnc, loles, eto,

o

- A - - . - bl _ - — Kol
includiny thosce in the wore peuobe, unievelonzd sccohicas ol Th

country con e aced for Jomestic concuantion, LUt recuires

suitsile treatuent. Hirh cuslity voter (sctisfactory both
chenically and bacteriologically) can | i

e owroducst din brestocnt
nilonts ot o relotively nonminnl cost, provided the syotou ds of

such angaiture so o justily the cost of iuaciallcotion.

[on?

TIi~-3



e PR IE Tampi - .= ~ — [ R . -3 - 3 FYE P, P
moune 0f hydrolegiccl onll mieteorolosgicsl iavegsisostion hes
L S B S atinnine, The Hodpanlia o o IS et 1 £
RO DN SN Ad oon u.l.L_'LA“a&_ » YINE NyIrSNAlCc Aogeoireilr 2LVEO3100 ob

.

. B g - - o L} T bl ot - . R -4
The liinigstry of Pullic Joris conimeud o continuias oDrogron im

e R I o _ . 3 ey e E — 3 ~oe Y LI P ul . - 3
whe ctudy of the cualicy ond aveilsndlildy of rives vaber in
[y - rTe__ 7 L P I S - S " " - - [T .
WDUTIESI . L "010{-;1\;0.'-:_ LD TEDSINGT coverlins bthe logaer Cooan ;.,-'-"_._,-R

L

river, the Uiclcrie river cnd the Lover Horourijae river hove

e - b
4

seen Rusiiched; and apother report Mieh concorens +the lotrer

Surinsnae eriver is recly for relcisc.

Severcl investipotions hove atbenniée” correlotion of
the river discherges nl haove clizo commared srecinitotien dago
it ddechavrses in orler o ectimabte flows in the oein Surinrn
rivers.

estingte of the aesn flour ot the river mouil is

7 o
OTNE S

b
[

=
chown oo fo

iver Discharoe 1 Bun-off
3'.-13 T G20, na TSR Al CLA e r SELLRC]

=T

Corontijn 7.5 000 G

[
w2
th
O

Hickeric 200 5y 3 Gy
Conmenana A7O 15 0

Saromceos ZAD 7a5 735

i
Surincas AAG 14 00
Comcuijne 128 380 585

licrouiine 2,050 G 250

Voprdictions in the ddscharyes of Surimsi rivers are

cousen oy scoversl factorg. The hydroprec-ho of the Coronbtijn

-
. b3

=i Conpensae Rivers shor strong verissions in relation to

- » L]

ae periodc of hesvy orocinitation. The regzmen of Che Iowrer

ot

F) .

Surinane Rdver io comnmletsly poverned Dy the oneration off the

F-

| - - - " - n PR -
hydro-slectric povwer stotion in the Jon nearn ffobolzlze, whiech

Swarted cucrating in Getoler 196F5 =Ffter o period of complete

ciooure cincs the Lopinning of 1964,

TIT-47
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Fal

Throuzh the divercion of the Corontiin edver, hylroclectric
noirer of up Lo 070 IIT could Le developed in apn SVersace JOoT,.
Lolditionel Jiwveprsieon of the Coprinti

regervolr vog oloo studicl in ordcer to orovilde lrripotien
]

fad £~ T m Tl ey T3y e g : s - - - 3 -
wsteyr for The Jogsningen rice posllisrs ot fll Gimso

LZagoher Dlen, Tor o doo ot Dtondoncic on the ilichicrie
river, congsideres’l {the aszel for Le

2T o s . ~ P e ,
Hickerie river for irripction suprooces,

i
¢
-
L

on &

y

ils
£, Tepanrhony ood MHorowijne rivers hove seen initisl
investigated with seversl potenbdinl cem-nites Leinyg conoile
The Lova and Horowijne riverc, of course, ar
to the French soveraaent.
Ao LwoHicel Opouiic Resstreh

Rivicion of the I shouing the neir-

tinenat dischorrqe asscurcue: Lio: Tor the lower Surinsue

river, ic inciwled oo Aonenidinn ITI-Z2,

- " -

£ Bopogronhiesl mep with longitudiscl profile for the
lower Surincne Riwver is proviced as Appendis ITI-3
The lisct of hydlromctric cLcervationr sctitions for

Surinan is stiboched 26 LAosendin TIT-A,

Investigstion coverdny the ruszlity of river watore

sarticuiarly in vhe sestusrics, wuas initiatel ia 1940 Ly the
Dureau Top Qarsl Develo-oment oad resso sy for tivds

wl
0
N
0
Rl
F
[
L

aperasion wag asssuned by the Hydraulics Rescoreh Divicion

1
i 1964, So-gzlliel "Galtmtripz" sre nart of tidis investigob-

ion, znd 88 moonliag tours were conducted From 1960 to 1970
e-i

in order to determine the cuwfrce chisrimetdies ot iven

Joints on the river

the

el

£
L




However, in 2 nuiher of othor cooces it wac decides thot the

surface water cource woo such oo Lo 7resent Qifficuliics.
The nost ohvious scurcs of lorie ~usntitiecs of curface

woter 1o, of course, the Van Blonmencteinnezr, the 1

neGe soke vhich susnlies wober to the hylroeloctric freility

at Alfobzaldza lzn, While i1t zppecis 2 not-too-a1ifficult tochk to
Cesirn o trzasmission lime froin whic loke to cerve Gho
nopulated arcog to the north (including Parcncrilo) there

ore Ceverol 1nje¢'415 recoons why iz heorl not Leen ccocompnliched
in the »ast. Firct, and west lioporbant, the Srolionondo Lpresnen

mal,

Letireen the EDvernment of Burinza ond the sluninum company

tinuletes thet 211 the vater inncundeT Lechin? e Jam do

U

under vthe contrel of the comnony and is not cvailsablo Tor
exploitotion. llert, ewven sheuls: the uoter Lecone aveilsble

for community supnlies, the nresent needs zre seinp wet cloger
Lo the nonulated coasial cren, there:ry -rccliuling $he neocod

for = larpe Dresent inveoticnt in trestilend ond tronsnission
Teeilities. Finolly, the level in the lalie hioo not develoned to
the height considered sufficient for mariinus nover sroduction,
and sny cxtraction Tor uses other thin hylroelectric pover

gensration would net e possilkle,

Alse econzidered were the follewing: Burinoue river,
Pars Creel:, Surnau Creek, Soroascces River, onid Orleanz Creclh.

t2r for

-1
Ly
0

£11 were studied ia the contert of oroviling rou
the lowver Surdinznircin area =rojects. Llthourh czch showed

prowmise, the frefueacy of contaminstion occurrences through

-

hich chloride levels in each of these curface o

Lor Sources

l"}

ctused them to bo rejected, A oixz-monthis chemicol conmliing
progyrai wan conducted, hovever, In the case of the Suprinsne
river anc the Barancccs viver it ioc possible to instzll
iatskes, but the disteonces fron the coastel arern become
lengthy. For the Coumewijnc service zres project, the Surinas
river with an intaske near Groot-Chatillon ~ma studied ond

15 redorved in sreater detboil dn o later sectiocns

IT13~/0
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TARLE FII-3%

ILT - &2

TU=

TIDTERED SURFPACE WATER
SOURCRE: PROF. DR, IB. W.d. vV, BL TLENSTELIN LARE
N CHEMICAL ANALYSIS
SUBSTANCE w DEY GEASON RATHNY Mhhnoz DRY SSAGCH
on Px %UHH W 1670 1970 H@ﬂo
ATMCNTIA Wiz #ﬁwmwﬁmm mwem w 4 neg W
IZON Pe 2.hl.4§1.1 0.9
HANGANES I 5mmwﬁ@@ neeE _ neg
HESIDUE 90 ‘45 |95 | 160 |
CHLOTDR 01 6, 8 {13 | 19 ]
FIMRITZ HCo pos nif | Neg | neg m
WITHATD MOy MOmemm neg | nCE w
SUIR.TE 304 bmmwbmm T. i - T
eEl 6.0 7.3 ! 7.1 65
COLLCUR CL.| CL. | Cl. CL.
BIC. HARDUESE .89 0,49 0,69 ! 0.6°
TOT. HARDNESS .89 0.8% 0.6° . 0.8°
Rim Oy 30 27 145 | | 25
Ha 6. neg 4 | |
L |

wmodmwwowomwcmw,MHw&Mﬁmdon m _

FLATS COUNTS deow % ‘ m 1) * Mote: All sdmples were light yellow.
" H0ST PROBARLE WULBLR 0 | | o No color scale was used.
EICHR LN neg W ! m CT.e= (lear, CD.= Cloudy,
T . w
} : _

Turbid



TABLE III-4
SURFACE WATER

SOURCE: PLRARIVER 4T HIGH WAY
CHENIOAL MNILYSIS

SUBST/NCE

!
! n
= S THN o g Wit at g
OR PROPERTY m DRY SEASON 1970 W RATWNY SZASON 1970 DRY SEASON 1970
_ : : H _ T _ N T
MHz AMMONTL _ neg. | neg. neg neg.  neg. Bmm._ neg. neg.| neg. neg. neg-.
TROY e % “o.h 3.5 24 3.7 1.2 | 2.0 1.7 2.7 0 2. Lo
MANG, NESE Lir neg. | DEG.! neg. Neg. | BEEe | NCE. neg. hneg.| neg.| Lege Neg. .
RESIDUE | 400 | 394 | 231 104 |12l | 127 676 o 57 2% | 330 |
CHLCRIDE CL. ;117 104 0 40 . 21 15 4z 49 45 27 111151 _
JITRITE MNOp neg. | nege 5mm,w neg. | neg. | Nég.; nege nNeg.| neg. Nl neg.
HITEITE NOx neg. | neg.! Jmmu_ﬁmm”” neg. | neg.! neg. DEE.; NEE. NS NeE .
SULFLIE S04 %2 AT ¢ 8T B T, , & T, ™, 20
pH 61 5.7 5.915.8 7.0 163 7.0 5.91 6.l m 0] 6.7
COLOR RSl AR R DR/ XSO0 B PO I IO TEN IO PR AT
BIC. HAiRDUESS D.H. 0.5%16.5% |0.7° 4§ 0.791 0.9211.0_ {0 50 b0 g9 10.59 | 0.6° [0.67
TOT pwuﬁmmm D.H. 5720 13.60 11,60 1.0° ] 1.091.49 [1.1° 0.6% [1.19 10,79 15.7°
¥y, On DEMIND |25 50 1 94| &7 8% £5 5 46 501 A
Ho 5. b nege e »
BACTERIOLOGICAL BYfMINATION
PLLIE GOUNTS |~300 {»300 {300} 900 {130 | 900
HOST FROBABLE/SINGLE | _
HUMBZER | 0. 0 {40.000 1000 100
EICHMANY /TEST # DOS e 0 01 nos. | pos.] poes.
_ |
1) * Ncte: :PJ qgémw % were [1ight] yellaw.
_ o c1el y used,
oﬁ.u qwome CD.= [Cloudy, TUJ= Turhid.
!
;

IIT - 43




e e e -

TABLE 111 -~ 5

SURFACE

WiLTER

SOURCE - CARAMACCA DOORGTEEL

SUBSTANCE OR
PROPERIY

ﬂmw

———— i

I20M Fao.

EANGANZEE Mn.

RESIDUE

AWLIONTA

CHLORIDZ CL.

WITRITE
NITEATE
SULFATE
pH.
COLOUR

BIC., HARDNESS D.H.
70T, HARDNESS D.H.

NGo
ZDW
S0y

Kln OP DEMAND

mwm.

CEENTCAL ANALYSIS

DRY SEASCH

RAINHY SEASON

¥

1370 | 1970 m 1970 m
. L. _1 H i |
neg. | Reg. | neg. | pos. | nNeg. | neg. | neg. | peg.i neg.
5.9 ¢ 0,5 3.2 | 1.3 5.9 4,0 1 A4 1.8 ) 42
neg, | neg. i neg. w neg. neg. NEE Nege f neg. | 0.08
510 732 A0 1 Ee2 549 1 609 167 _ 142 2cesd
92 55 50 55 31 Ty - 22 M 35 65
DEeR. neg. neg. Wmﬁﬂ.wom REZ. neg. | nege | Nnog. Nneg .
neg. neg . neg. | Str.pog. neg. | neg. NEE o neg. | nNEE.
29 92 5 19 | neg. | 7. Ts T, 23
D1 74 | 7.6 1 8.8 | 7.5 | 6.7 6.8 6.8 | 8.1
cL. | U, W, 1 TH. | --- | TU. R
5,3°| 3,191 2.9°] ©.8°] 2.9° | 3.1° | 0.3° 2.5, 3.6°
5,39 6.1° | 3.0°| 6.8°1 3.7° ¢ &.0% | 0.9° 2.8% 3.9°
59 | 55 55 59 | 59 | 59 57 | 39, 40
neg. neg. | neg. | neg. |
|
mpuemmHOHAmHopw EXAMTITATION
RBIL
1) * Note: ALl samplks were {Light yellow
b eolor bBeoale was used.
CL.= Clear, CD.= Cloudy, |TU.= Tutbid. m
. | |
: t
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TABLE ITI - &
SURFACE WATER
SOURCE: PARA DOORBTELK

TIT - 45

e e . T_CHEMICAL MVALYSIO .
SUBSTANCE M DRY SEASON RANHY SEASCH ; DRY SEASON
OR PROPERTY ! 1970 1970 1970
Bt e et s T - Ty R LT s AT A el T ._. - i <
FEEOZHb.Emw 5om.w POS. Neg. | NeFg. | NG« HNEH. neg. | neg. | neg. | neg. nege  NeGe
TRON Te. 1,20 1.6t L1 = 2e 1.5 1 1.0 Lol | L7 1.0 ;G40 | 2.1
MANGANESE Mn. new.| neg. neg.| Neg.y NEF. NER. NEE« 8. ) neg. | NeE.| NCZ. | DEG
RESIDUE 50 | 1204 152 215 82 85 1 55 57 yal
CHLORILE CL. 4 21 13 7 7 14 19 16 20 21 | 18 18
NITRITE HO- POS.] NER. DEZTe| NEH.| POSe neg. Neme | 77T NOGe | NGNS NEeF
NITRATE EOw POS.| POSd neg.l ncer.t POS. NCE .| D3HE. | TICEe | DTH. SQmamﬁmm. NEL.
SULFATE 807 PO%l hosd 161 TC, | TU.| mogd 2. | TU. | T0. | TV, ineg. | nog.
._.mum. W\u_nm mbhﬂ mfo .mf#m ﬂew .le.uw mem ml@ mam_ mnm ml.m,“: ma__u...
COLOR _ CL. CL. | T, . CL. CL. | TU. Cl. CL CL. 1 Cl. L.
BIC, HARDWESS D.IL. 5.50] 1,09 0.7°] 0.4°] 1.09 0.5¢ 0,151 0.5 0,381 1.07 0.39
OT, HARDNESS D.E. .50l 1.09 0.7°) 0.6% 1.1% 0.57 0,47} 0.0 0.39) 1.07 6.3
Fin i DEMAWD &b 31 &0 8% 80 GR 1 7E A7 Vs ng I 79
0es, NEE . nefe | NCHe
| BACTERTIOIDGICAT] EXAMINATION
PLATE COUHTS 71 Lo e F001 2350 A0 214
NOST PROBARLE SINGLE
HUMBE O 0 B5.000 §.00C 100
ETCHMANT/TEST PS5, 0 O | pos. |poOS. POS
i
!
1) * Note: All samples)wers Light lyellop.
Yo color schle wags used.




TABLE IIT - 7/

SURFLCZ WATER
SOURCE: TOUT LUI FaUT KAWRLAL

CHEMICAT ANALYSLS

- 46

111

SUBSTANCE DY SDASON ELIUNY SEASCH DRY SEASCH

_._CR PROPERTY _ ..1970 1970 1970
H - _. i ) ]

LWNONTA WH nefl. Lﬂ.,_ Neg . ne . | noeg. | Dege. Neg. . NCHK. ﬁmmh ne
TRON Fo. 2,0 1 1.8 1 5.3 3|73 3 1z.7 | 3.07| 1.511 2
ﬁbﬁm,ihmm in. neg. | neg.| 0.4 | neg. | neg. | REG. ) HO&. neg.] negd NCE.

ESIDUE 140 1538 139 | 281 | 417 50% 561 &9 309 ! @o.
;mLomHUﬂ Ol 21 28 15 15 i6 22 | 43 1t . 27
NITRITZ T oMu NeE.e | NEZ. | NeZel 0L neg, | neg.| neg.! NGZ. NSEJ NEHe
CSTTRATE zou POE. | DOS.: NEZs bmm. neg, | NCE.| neg.y ... 1€ 4 neg.
SULFLTE mo# NeE. | NCK. G {ITU. - 1. U TU . T TU « 7
nH. D | 7.4 | 6.8 5.9 5.7 Ge? 8.0 1 G35 63 V4
JOLOUR ovu Cia | TU. ¢ TT. . | TU. Hd, o J -
RIC, JARDNESS D.H. 2,521 319 1.1 0.9% 0.9%1 0.85] 3.000 0.9 0:9d 1.5,
.ru:.._l._c H.Hg_,u“.ﬁuwzmmm Un.nl._....n ﬁlv_m“lv ann Hn”_u onnw u.vo Oaw L_._.-aﬁu Onﬁ\.w Op@ ..._le_m_k
S O DEMAND pords 26 6ol 72 83 75 ¢ 59 28 31 30
e 8. NG . TEE . |

BACTERICLOGICAD #Y ATITHE TOR
PLLTE COUNTS -1 300 200] 300 | 600 ] 730
LOST PROBLBLE BIHGLE i _
MUBER 0 O 0 DOO0O BH00C
EICHATN /TEST : DOS. 0 C}ypos. | pPOS.
1) * Note: ALl samples [wile light yellow. _
Wo color scgle wud used}
cL.= Clear, [CD.= §loudy} TU.= Turbic.




PART TTY ~ ATHDR SUPPLY

(Section § 1 TToter Traotuent)

TIX.5.%. HEED FOR TREATHENT

Stezndards for uiter cuelity for public woter supolies
ere discussed) in section IILI-3, Jater Recuiremsnis, =ad the
muclity of availsble woiter was Jiscusced in Secktion ITi-/4, Bources

of Supply. This chepter conceras the need Tfor treatment of
doting cav vster in order Lo arovide =n end aroduact which is

hycieniczlly scfe, zestheticzlly sottroctive and polotatla,

The selection ~nd devel-muaent of row water sources for

LG

SuEa i woter supplies, levels of necesczry treztaent sre of prine

iy nortonca,

};rhe considerction of levels of treztment to Le orovided
is Jdefined in the Jorld Hezlth Cr rganisotion Honogrzo> series

nv. 42, "later Bupzly for Rurel Aress z & Bmall Commnitiesy,
o Tollows:

PSource ond Trestoment!

Firgt-sriority congideration

e St RS L el e e
lzter vhich recuires no trectment to mect bacterdelogical,
nhycical, and chemical recuirements ) zal vhich esn Le
delivered ¢o the consumer Ly a grov .by system should e
fiven fiprot considerction. This would usually be Llinmdited
tc,gprings aua srotected dreinare eress. Such =s o

sy2ten ?ecuires no treatament onl no pusping, an’, there-
fore, is deal frowm the peint of vieu of maintenznce, whieh

ic thus reduce:d! to om =ihsoluate miniiiam.

Seconl-nriority. consideration

s e ey . g, iy B S . Tt o g s s s e B ol e vy v
Uater which recuires nc tractilent te mect brecteriologicel,

physical, =nd chemiecsl recmiremente Lut vhich muct Le
Puaped to conpuniersa would e the sccond choicz. Hell
gupplies 211 within this caterory.
_ ILL-a7
. '} These requirexacats depend on water fuhllty stonderds
applied Ly czch country, omd will viery from one zloce
vo znother,

W



Puning con e sn ceeunomissl ond siiple melution, tubt it
cet olse B2 o ermensive mad conplicsted one, coeoyding
to loezl gircunctances. I depends on the av:ilaiili“y

of rurlifies orercbors ond on the iccsl cost of fuesl,

Crodl one rurnl Lpees P another of o pgiven ciyunciy) they
cey clioo with €he bypes ond efficiency of onersticn and
acintensnce aropraumes Jevelone” Tor neogeidias o

a_ -

i
WH e 1 S e .- ARt 11“\ o ey T o ps e s
[ J-_J_C]._:)._._r__.._v_a.c-_l TPrDH. 1 San oo LY oS el e NS T [P

Thipdenrioriiy cenadilorcoticn )

o-n--..-.--.I_-—u—m—_—-———-muwu—_.—.“w—hu

VWeolrr vwhich recuires sinole trectment Defore it con meet

T A e = 3 PR | S P " . -7 . O - _ ~ T
sactericlogicai, physicael, or chendezal reruirciaents ub
vidch can Ze delivered e tho eosnsumer throush o Fsroavity
cysten should e Jdven third-oricoritcy consilerztion. 3ianlie

Lrectment io consifered to e limdted to 1 (1) storsre

vhich tronld aeovid

o

aizdin sedinsatoticr ond aome refuction

ir, chiominstion without

in bacteris, (2) G
sercted chlorinctw, (3} siow send filtrit-

mechonicaily o
iony or 4 comiirzetion of Ghese.

al

For rurll crecs this o acrmnlly an inferior solubion.

It ie uouelly cowve ersmencive thaan the chove soiutions and
invelves onercticnsl arosedures vhich ore moct difficult
to mointoin i cncll rurcl comcwnities. In gsuch pleces,
waen the chlorine stoch rungs cul, chlorimation io
chendoned in zlnost every iastonce; omd, vhen the slour

sand, filters Lecome cloormed, & y=n082 L8 oiten conoidercd

Fourth-oricority Consi-erction

iy my e ey iy s ey o i g i ey iy, Y b B P Sl R Bl Al R e AR

Vieter which roculres soduple trectiens, oo nentioned

+ I =

moove s anl vhich mmee be Jdelivrersd Lo the ceonounmeprs

"'h:

punying wvoull ocivisusly oe the mosy errencive choice to

palie, ¥

') Depending on locnl circumsiances, this could
secoas priority.



Becrnuae of thoe limit-otionn Zapmossl L secocsaptry, On1d nity,
aopulction concentiations rnd wha dilke, the uster surnlies in the

aore nosuloted sress of Surdnnon genercily fo1ii into the fourth

sriority conciderciion zo Cefined 2teove, Since thisc in Zhe oss
expensive choice to moke, iv tehooves the Jesifnecr o erercise
inspineticn ond ingeauily in offeeiing oo nany sconoiiiea oo
noscitle in the design of Srectment ond Jistrilubtion Ffreilitiecs
in order o uscro the utter susplics <ofithis the fdincneizsl rezch

o . - L -
&8 ALY communitlien Lo oSoillia.

LLiX. 5.2, TREATHENT OF GROUNDUATER

The grounduater sources supplying eristing osysotens in

Surinan o8 well 2o the »2etentiscl =lonned systeme ic of such

shysical and chemicel cuclidty <o o re-uire only o relatively
™

cinzle nethod of trentient. Dactori lopienl zellution of prounc-

"

o
vater has zlse not comstituc o mejior Zreklcn ag yet.

Prinzinally, the noed for trectment, therofore, 4o
linitel to zer tion; redio sond filtration and shell filirstion.

In order to mest the relatively higsh stznferd for potokle
woter in Surinen the prounducter treatment in ealzied to iron,
carson dloxide, sulghotes, moaganese, =nd asthone, wvhich ore

foun in oufficient

('a"

cusnitities o nerdt spacisl Crezioent. Iron
]

i9 remwoved by revisinc the orig »inally ceidic condition of the
[*)

izbers Becaute earidon Tisrdids dc ncinly recponsilie Tor cousiap
the ecldic condition, the cerstion is sctuslly cpolisd to oljussh
chin condition,
I I T e e T e ] -'I s rprdemen I el e o2 o J—l
ab IS oot Lo OS "i,v?LC VISR s wO.«.ﬂC c {__c..uu,..h_x,c._h, D10

oljectionzble socen ouch oo H.3 zad nethoas are romoved, ond !

T

corraction is effeciol.



1) Simslicity

ey . Py mn Pr g At = . o PR N
i necirilics ol <?-\'-1‘£-JL:.L, nno4Ls ’I:—‘lr"l-:le, _J,VL_}OL’_*_' wite

srocess itself is multiverious., I+ Joes net involve
< "v\...-_

chemicals which hove do be innorie ., nor is spnecicl

feeding etuimasnt recuircd,

2) G Composition

Beeoouse Durinsn rrowalooter hoe = relritdively conghant

cormesition ond Joes not oontain innilri

i
&0
Iy
-
*
'T‘
43
o
"
4]
=
k)
a
]

iron reacval by other neansg would Le ci”fieult s
recuire chieaicaln, The Jdissolved ipon niesent in the
raur witer ic unctetle. Vater vhich is elesr vhen <rowm
will turn clouly ond precinitste when the scaple ig

2

cupesed Lo sir for & period of tine.

3} Standordizetion

Rl . S T AL P W g T W WY RS

Thizc aethod is slready familisr to tresthcnt nlant
ey

sersonncl ol hins

™
©

en sucecesfully so2olied in this
Jetrs, Thic would juctify comtinuing this
epplicetion for pracoicel nurposes

= Y

41 lizintensace

The well-designel zeration systenm vill operste rela-
tively troulle-free for long periods uithout the need

of highly-trzined, skilled acintenznce irorkers.

5) Corrosion Control

e ek Aok L e Sk o S Sl gy PR A

thile providing atmospheric orvyren for the oxidztion
of iron and lilerstins the cuoes, the serdation orocess

serves bto prasent corresicon.

Gnell filtration Is useld (in ndifition Lo cersdion) in
Surinem 28 2 fincl oten in tha grouniiicter trestasnt nrocess
for soveral rersens. Shell io rendilv swndilable in the country

in leorge

1]

mounts ond needs only oshing te arescre it Sor use,
Lo a Yrectnent wedinm 14 prowotés stoihilizobion ond cffectn
final reduction of ths CO? 2o owrell oo Ccﬂgrl busing o 2H
corracticn,

I1I-50



Therefore, when trentuoché Ly ~oration fat1i Sdiibrotion sdone

- . : 2 . - kil o - B : s = B Y s ] PP o VI i
tenis B0 Ue dnoderuste, & chell filser Ao dingluliel £5 on SoCition

21 aeans of wresucing high cuclity drinikdaz yater

[

Shell filtreotion has Lthe folleowing on

»

o
0}
|..l..
1%
J=3a
O
]
[}
w
¥
ok
o
L)
[
Lh

- s~djucts the pH up te ¢ aszimua of 7.0

- limites the CO2 contondts o spnrorimrtely 2.5 op/liter

ITTe5e3s TRAEATLEIT OF SUNPLCE ATER

IIT,5.3.1. Niver_dSusnniisc

— T ) oy B Py de ek

Tre~tment of cupfece wuster 2 Surdincn crn e tracsd
to 1924 in vhich the Burincancsche Doundte Mzatschanni] seqsan
tresting Cottice river weoter ot Moesnre through chlorinstion and
filtration. Exceszive chlorincztion in the finel sroluct let to

the discontinuznce of the treztuent plent operstion.

L-

A neu olant uce constructed im 937 Lub  this, toc, wal

Aiceontinued sfter sdecuste prounlusiter supalies were nevelolel.
Hovever, +1i%L
10G,000 p=11

9]
fent of river wster.

n the aversre deoily deoend pesching agsrouincotely

nefdoy Ly 1954, the noed erigicd rzoein For trest-

L

ubgoruently £ btrectaent niondt waes Luilt which iacorporated

L

the Colloving stens:

1. Bcresaing at inveke

2. Lcdition of chemicorl Tlecculent
3o Hiwing

Lo Flocculstion

5. Sediaentotion

£y Ronil sant filtrstion

7« pil sdjustoaent

S. Chlorinction

This »lant ic 8441l inm operction.

ITT-51



In 1958 the water treatment plant for the leprosariun
2t Groot Chstillon was nlaced in coneration, by the Pudlic Health
Division of 8,A,B.T.5. Serious problens in iater transnport to
the leproszriunm by Large haed teen encounterel during dry seasons
zn these problems uvere alleviated by construction of the new
plants The Hinistry of Hezlth otill operates this sazll 30 to
LD msfday nlant utilizing zlum, pre-~chlorination and rapid
gend filtration for trestilent of Surinzm river waoter, Pressure

is developed threuch uwss of 2o hydronhor,

In btoth of the above trectnent nlznts the relotively
hish ceclor and orgznics level in the rov water Jdoes not ceen

to pose a2 probleit.

On only one occcasion wags the chloride level in the
Surinziie river of & cufficiently high level =nl for & sufficiently
long period to be troulilesome in the ojzeratiom of the Groot
Chatillon »lant,

lith the chove ebservations in mind, it was Jeeided tGo
investipste the Sossibility of subjeeting surfree wvater to slow
send wre (Ciologicsl) filtration. The deecision weoo tased on the
need to develop & system of water treatuent whieh wouldl satis-

fy the Loliowing conlitions:

1. Econcuy of construction ar? oreration.
2. Recuiring little skilled lebor for Zesign, construction,
operation snd maintencnce,
3. Strong, simsle construction.
- fe Acceptability of final areduct,
The sdivantares snd diszlvontages of slow-senl filters
are listed in "Operation znsl Control of Uster Trestuaent Precesah

o
vy Charles R. ‘i, HeH 0, lonogrosh 3eries Hoe 49, s follows:

"Slow Sand Filters

The zdventzoges of slovw sand filters ney be sumasriced

ez follows:

1, There is no neced for cosgulction facilitdes.
2, Ecuinnent iz sinmple znd need not e imported,

ITYI«~52



3. Suiteble sand is readiiy secured,

4+ Supervision is simple, _

5, The cffluent is less corrosive and more uniforo in
cuzlity than cheniczlly treated vaters.

6, They rive effective bacterizl removel,

The diszdventaces &8 coupared to repid sand filters
follews:

™
]
o
™
t

1. A lzrpre crers is recuired, with correspendingly large
structure znd voluise of sznl and higher structural
costs.

2. They have less flexibility in eoperation.

1. They sre noit economicel with raw woters haviag
turbidities over zbout 30 units for prolongel periods,
unless mrelianincry alzin scodimentetion will secure
such turbicities in the settled water.

Z. They cre less effective in removing colour.

5. They rive poor results with uater of high 2lgzl

content, unlesc pretrectuwent is practised.t

In view of the above disadvantages it was decided to
construct small, porbcble test filters which could Le installed
in severzl locstions in Surinzi in vhich the surface water
exhibite: different cheracteristics, Appendii ITI-5 shows
the sein features of the test filters. The vertical height of
the test filter wze deternined in such 2 manner a8 Lo
soprosimote the heisht of zn actusl ~"ow sand filter. Shorte
circuiting wes countered by pazinting the inner surfaces of the
test filter with Inertol, znd dusting the uet paint vith sand

in order to roughen the surfzce.
Peste nere conducted at the following locations:

Brownsveg | (Von Blomnequteln ileer)

Seraaccca Conal (Ultkljk)

+ Zaronaces Ccn;infs;r:m*ccm Doorsteel)
Groot Chatillon (Surinam River)

Blake Wetrs (Surinam River)
III-53



In 211 cases in vhich test runs vere initisted the
length of run wes continued over £t least a2 10~day period
in order to zliow Euilding-un of the "Schoutzdecke" or

hiclogical layer.

L nuaber of verisbles were introduced into the test
arogren including selecting filter sand from several different
locations, This olloved varistion of greain cizes znd wnifor-
mity co=efficients. A grzph showing typice]l sieve cnalyses is
included zc Ampendis TV-6. &Alsc included was a test incor-
poroting the use of charcozl es part of the filter wnediz,

For one series of tests, ¢ mined-nedie in vhich fractured
sez shells wvere present was utilized., For enother series,

activated charcoel was usced in the filter media.

Becauge tine end zvailecble menpower were not availatle
for an exheoustive ond definiivse test programn, the program
could not be eitended over & long mericd of time, nor could

an erxact evoluetion of 211 varisbles Se aode,

However, the following nositive casic resulis uvere

obtained Ly varying the nedic:

1, Defianite reduction in coler level.

2., Bffective filtration of turbil waters.
3+ Sgticfoectory oH adjiustnent.

4. Reduction in irvon level

5« Reduction of Lbactericlogical counts.

Althourh it was not Jeensd nceesszry in the process,
ercent as & precautionary measure if the filters are to be
used in public wzter supplies, the sulsecuent chlerinstion
of some of the szmnles of filiered water in vhich minimal
color wes s5till evident resulted in "blezching® of the color

cfter 2 li~minute retention neriod.

Revievring the dissdventapes of slow sand filterc which
were listed eaplier, the lzrge zrecs of lonad required are
readily aveilable in Surinen, flerxibility of oserztion would
not be recuired since the rov water varies little in qualitvy

ITi-54



cver long periods of tine, the turbility zan’ color of the
ravr water does not ceem U0 pose & problen, an the raw water

does not nossess 2 high z2lgsl content,

In view of the enceouraging resulis zs Jdeaonstroted eove,
£ slow=gsand Filtration plant is Leing instellel zo 2art of the
Brovnsueg vater supply. Thic will Le diocussgse’ in Further

deteil loter in this resort.

The incerporation of slovwesand fFiltration inte m2jor
voter supply systems in Surinam will desend upon the continuing
evailakility of grounduater. Since it cosesrs that supnlying
groundiater to communities such as Kuatta~Leidiargen zad Pad ven
Waniea Uest probolly constitutes £ Maining® oneration, the need
for utilizing curfece wvater cources will »rok:sily occur iam the
aistzat future, but coertzinly not within the "Uliimote Phige!
1y

ojections.

IIY.5.3.2. augmo _Supnlics

[ p—————,

The possibility of leveloning reservoirs of suricce

—

vater in cwaapy crezo wes 2lco given prinory consileration
2Erticularly in creas cuch oo Commewriine vhere suitcble srounde
uster seened to Le virtuclly non-existent, tut this possibility

wog rejecktel for several ressonc,

There hzs Leen soue euper’~=nce ghined in dlapounding
thiz woter in connection uith the Maridniury supsnly, =ad it
wes Found thet souztice wveed srowth and 2lgal prowth aresented

Serious proklens,

In order to store sufficient rusntities of uwcter to
provide ¢ continuous sunniy over the dry sezzons, it would be
necessary to construct iirge reservoeirs, For eucuonle, to serve
13,000 persens =t zn sverzge “eily demand of 100 1/e/d for
L J=aonth “ry scecoon would reduire £ reserveir contcining
20,000 m3 “icregercing evonoration, Lt o denth of 2 weteras, o
net crez of A§5,000 s, meters would e recuired, Construction
of zn impervious recervoir of this size would be cestly ond

the capitsl cost worll 2leo necessorily reflect -ussiag conts,

Y. rr



since [ravity flow would he inpoosible.

=

Lhiditionsl secctient heyondthe onidotion reclizel in

storage would wise e nesded teccuce the swempy uvater tends
<

bt Tk Taall Bl Bk Teal ]
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PLRT IITI — WATER SUPPLY

(Section & = Interin Susnlies)

IIT.€.1, BTATUS OF BEXISTING WATER SUPPLIES

During lote 1962 vhen the UIHP {5F) oroject weos
initicted in Surinam the following ctotus enicted with
rescrld Yo community woter cunnly gystems in the country 3

-

Giigtine OQqerationsl Systens

1. Percacrilo, Albine, ond Mieuw lichkerie (SUC)
2. Koo reprooan

3. Meerzorg

Lo Groningen

L. Brolmoaonde

. Xlooshreek

7+ Browmauep:

Gy Alliznce

0. Totneso

1g, Keoapone Seoroe

Srotemns Under Frmension

Le Popoaesrito G3.0).LC.
Z. Vlonoredio

3. Groningen

Systens Undepr Plannins

is. Zrolopondo (nower aurmentation)
2+ Coromnie {cleveter storzre)

3+ Roeurressn (expinsion)

s Heerzors (cisonsion)

5¢ Klooslhree” (erpansion)

. It vag spticipeabed thet, in oiditicn to the shove, the

*

Supply Group I Systeas vould cormencs to Le conctructer ns the
finel Jecigac an fincneing would Locoue svoilstle.
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In connection with the original Project Activity Plzn
it wes estinsted thot the finzl designg for all Supply Group I
Systens woulsl e srepared ond thot thic would constitute
nrectice) feasille terpet For fulfillaent 23 ¢ aajor zast of
the Interin Sup-olies. It is Leconding sppzrent that this was
en optimistic forecaot, however. Jith the protlems connected
with fielding internctionzsl stoff in severcl cotereries
sufficiently cecrly in the nroject life znd with sindlar probleas
induced Ly lindtotion of cveoilckility of counterport staff onl
writh the further complicetion of eruiisment shortoges due o
inordinrste time reruirenent for deliveries, it appears that
the cectucl Jecignenopulstion which con Le considered uithin
the zihove restroints in the UVIIDP (SF) oHroject in the finsl
Zesipgn nhose of the Supply Group I cysteas will proLcily
be betueen §0,000 2nd 75,000 insteczd of the greater than

100,000 oripinelly anticipatel.

Thic situztion coull chonge, sulject to immediate
sglution of oteffinp srobLlems 3 but these solutionz sppelr
remote ¢t this uriting.

A further ooecific liuitotion is hased on the need
of & totsl wiecture of the proundwater svoilebility in the
Commienrijne arec. AL the gresent tiue grounduster investipoim

ionz, although promising, are still in progress.

IIT. 6.2, PRESENT STATUS OF SUPPLY GROUP I SYOSTEIS

The oripinal listing of coumunities in the Reduest
and Plan of Onerstion delinezter sopulstion groups zecordingf
te existing Luili-un arecs, Bosced onm Fiell cxpericnce, 4 re=-

Frouping hes Geen effected cceoriing o the fellouing

Su-mly Sycten Interin 1967 Design Ponulcotion

watto~Leidingen 25,000

rad vzn Vlendieo lest 25,000

Comzasijne 50,000

Bombarg=5ias T s iden 13, 500

The desirn neonuletions choim above indicnfo thot, Tor
Sunply Greus I zree, tGhe oystens will Le relatively Small;
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Lut, slore impertant, the sysctens can e Jegsigmed on the
mesio of sonulstions in multinies of 25,000 persons
{ercenting Douburg~-Sasikalden, wvhich yill Ge # specinl
case}. This, in turn, Hroviles the oproviunity to Jdesipn
the commmunity wotar suornly cyotens on thwe Lopdn of
stznord desipn elcaentz, In oojor wrizn vster

of cource, thic =2p3r.tch io not poocille since each slenent

&

of 2 lzrre cysten Zres.nte unicue and inliviluasl orotlens,.
Thic octoniordizel ooonres h 2lsc emshooizes the serious

a om

recuoncitility fsciong the Jesipner, vho conaot ccocerifice
soodl enrmineerins julrenent for the srlte of sctondoriizotion.
Beczuse the Interdiu Program vill concist egseatizlly of
numier of gindlar oysbens, it Tollows thoet unny desion
Fectures will Te rexected several tines. Ian the selection

£ theoe desipn festures, therefore, the desimer oust core—
fully select znl comnare in order Lo develon, o design which
seconyliches the plonned chjective ot the lezoct cost.

In the Buonnly Groun I syctens, the standapdizstdon 1S

Lazgically connected with the trestnent nliont elenents,
Leecruse the indivilazl dictribution cystens tend to Jiffer

fron asch other,

Neferring vo the Sunnly Grous I creaoc, the originnl
Grouping in Azrendisz I of the Plan of Onerstion listed {dn

2

etlition o Wwatto-Leidlingen) Mzrienlwryg, Tomenredjo, Hieuu
fnsteriom ool Voorburyg, Sileringohoel:, Jegtlust, Lliasew
zac Heersorp., Thece lotier have =1l Leen inco
the Comumewijne Supnly Group. Houbtiuin i

since the cres ic very scercely —opulated ond shers iittle
rezcon for further cecclerateld eixnsnsion. Uitkzijlz anl
Jarilioba are considered uith the KrattoeLeidingen Project,
Koewarasan ic an existing cupply underpeing sugnentation
&% nresent which will provide for the next 15 yvenrs of
grovuthe Paracnzil anl Caverdacht zsre "eonpony tormsh® of the

flusninus industries in Surinang snd, oithoush the oroject

ks

ol

1 the water wbility =nd scology

i
™ a—!-,

£ hoo worlied closcly it
_|"'

(\
1

A

[

3G in the commanies, it vas ande lmowm that the vater supnly
needs of Chese communitics will Le swet by she clwatnun

coumprnics thensalves -
" IT11-5G



In the czpe of Pl von {Fsndes Vlest, this resreseats
2 ney population préun wvhich wes Sonehou not includersl in the
origincl Recuest or Plon of Operstion and ia 2 relstively
lerge Ceoproshicnl sres of wedium sopulcotion concentration,

The communities of Domburg znd 3mrllkzlden ore consilered

a8 = single »roject, oince this siroject will Le developel
for potenticl UHICEPF zscictbonce.

IIT.&.3, DROPOSED SYSTEIS

I1X.6.3.2, Kuotto-ledlingen Syoten

Wl Py ok S T Ty ok sk sl S el s Ak -y T vk

I7T.6e3eial, Genersl

Selections of the overzll cres o ke includedl
in the Riretta=-Lellinpen cres woo tooed oa & fenersl survey
el the crec which included = review of precent fevelopnent
wogether with errictiag monulztion concentiction ond zlso

sobenticl pogeitilidties. Further, it vszc Jdecicded to linmit

i
the esstern eitbent of the gysten in ncecordance vith mroloble
exmansion of the foellities of the Surdinca oter Coupany.
Thisg wes Jispunsed vith ond coreed to Ly the Burincqn Vater
Connany.

Ecrly conpiderctiony wao civen to the possibility

T
o

I steqine construction of vericus aonects of the nrojech.
The ctoging wrould clse inelude the sizing of the various
elemente of the plant. Since the plent is more or less unicue
in the wvabter cunnly nicture .z the country, the ovoilonilitvy
of comparisons with other plzat~ <oes not exict. For thod
reacon, the approcsch teken in cizing the deneatc of the uzter
supply proiject v Lasel on indgesent rother than on nrecedent,

Storing vill he linddted te the Hwasing and filvration

~

The listri-ution soycten hoo Leen decipael to handic
£ oezls flow of 2.5 times the cverooe dzily £

T o recuirel for
the 1947 desirn year. Thile it woull hove Leen possiizle to
reditce the sizes of come of the digtrilution lines in the

orojeet aren, it ic not kuown =€ thic time hat the erzed
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progression of Jdevelopment will e in the project Spen,
narticulzrly uith the »oocilility of dincludiag Jorilksl

mncl Uitkijk, The exdsting Jevelonaent is conceuntrobed along
Presently estallishel rends, ond it does not onpesr that
acditicnzl roade will Le constructes ac mzjor thoroughfores
2urdiag the period Letueen the comnicsioning yezr z2nd the 15-
year desipn year. No provision is included in sresent designs

1|

for this ind of oxupzncion to the distribution syoten, but

individunl oubdivisions coull e served within the existing

capacity of the gysteia,

The leocztion of the wote

j

supply aroject £adl the
tzyout of the listritution systen cre showm on the draving

included =¢ Appendix IIT-7.

Punsing reculrenents ere such thet the sverage Caily
Cemeal recuired during the 1987 desisgn vear con be achievesd
dnping o 16 hour punpding Joy. It ic copumes Ghet the hours
of puaning «dll bLe refuced to £if the cetunl needs during
the intervening yesrs. In ~odition, =uap ciczes ore decrezsed
in order o acet lowr initisrl Cemands trith curscouent

replocenent of the sncller punnc of o loter dete.

The pleont oo presently conceived hoo o uili-in unit

flexibility whieh will zllow for cubctentizl increaces in

pmopulation Served, dovever, shoul! i% Le necescory to srovide

service for the Ultimcte Yeor {(yecr 2001) nodulation of

[

56,000 nersoas, which iz wore thon Joulle the interin Jesden
period sopulcotion, this con Y- zchieved through the use of
Loogter nuaning, =diel elearwater on’ clavoted sforrge and
an increase in the filtrotion conacity through additionsl
unit coastruction, The site is such thot additionzl units
can ce conctructed writh feuw o

The sizeos selected for the units zre bHased on the
conclusion thet for sasll trectnent eleanents the coot nar
curie meber would lLe ertrenely hiph for minimel saocunts of

wveter treatol. Further, the Kuatte-Leidinren -roject hac

seen Selected 25 o orotobtyse For usc in other oimilop
water susnniy yutenu in the country. Peotenticlly, o similer
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inotzllation coull e incorporated in cervice aresso such oo
Pal wen Ucniez Test »od CommerriiZne., This, of course, ic sul-
Ject to Further stuly oced on availalillity of grounduster,
cetermination of priorities, ete. Stanisrdizcotion of trect-
ment uethods znd operztions provides flezikility and nronotes
efficiency since opercting personanel czn e easily tronslerred
fron one niznt to znother anl indterchonseclility of couizaent

clleous reduced inventories of znores,

The selection of the locztion of the trectment alont
in the zpproximste center of the service sres wes Loced oa
the prineciple of aversging the distences Letween the nlant
anl the extrenmities of the distrifution cysten, Zipension
within the service fresgs would therefore Le sinplified,

- ring .

L% the tdme of srena thio studly, it hae ast cloarly
peen erptabliched what Che ultimate nobentiznl of ghe srouncuster
supnly o in the plent crec. Indicctions cre such thot the
needs could Le wet for even mojor expensions but thic hao

not been gpecificelly Jeternines,

Should the need srice for conversion of the nioat teo
surface uwcter trectuent, oo o resuldt of linitatien in FPOUN -
veter cupply, it vould Ge nossikble %o do =o. This chanze could
be eflfected by coaverting the clezr uaterp storope to slovu

A

send. {Giologicsl) Ffiltration units oo utilizing the sznd

o

Cilter znd serction unit for storagc. Additional storage can

escily be constructed st the nlzant site.

I1T.6,3.34.2,. Desirn Doces

The Tollowing accumnbicns vere node o

Troctoent Loased on chewical amalyeic of moamples of
raw greund wvater talen at the »lant site, voull
include seration, ronil sond filtration, =ad »H

sajustiasnt,

Criteric for woter cupnly trestilent cre the World
flezlth Organdization "Tnternotionsl Btoniords for

Drinling Uszter", second edition, 1963,
ITI-C2



12,000 »ersons.
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lfm7yerr Tesirn 2opuletion

(1537)

25,000 nersons {incluces

aapros. 2500 nersons fop

i

poscilble Jorikobs evtenge

ion).

"

TInitial fvercge Flow (

M

100 1/c/d) = 1,200,600 1/4

—
=

220 goa

l-- ul—llg 1

o
itiel Lverzge Flou (et 100 1/¢/d) = 2,500,000 1/0 =

Pecic Tloy focbor 1 = 2,5 = Lverase Tlov,

Initial Pezk Flows: 2.5 2 1,2 willion = 3 million
l/x_f"" = 115(} £oile

fnelysis of the distribution cystem for nine size detor=

ainciion was made on the Lesic of the Hordy Crecs aethosl of
succensive cpprovinctionc. In ao cooe was o line sarller than

3 in. dlicneter used,

<

Celculotione of friction losses to the oot lintont pointa

in the sysbven reculted in rn enprorimote worisuwa friction loss

of 100 ft. oI f3-3.5 ?Si.

Hindoma pressure at the most Jistant point wos initisll:
assuned 2t 20 pai, Thus, the recuired oressure ot the oint of -
susply wves approxinsted zt 63.5 o6i opr 126 £, On the Lozis o
= lé/ft tank heipht anl =& 128 £t tovrer, £ sunply oregsure of

edproxiaately 141 £o or 61,4 poi io sveilchle. Thic wiil =z1low
for miniomu pregscure of between 16 ras 20 osi depsnding upon

{yawlowm in the elevoted storera bonl.

clear woter ground level stovope & capacity of 50%
of The tobel zverzge feily Flow for the design yesr weo used,
in the cace of the elevitel storage o volue of 5,5% (which ic
concastent with oresent sractice in the country} ves used, Thus:
cround Level storazge = 50% = 2, 500 a0 = 1250 0
elevotel storcpe = L. 5% »r 2,500 ale 1236 v
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For the elevcted gtorzge @ 40,000 gallon tonlt io
recoimene,

Ranil pond Filter decipgno wac Looedld on the Tolloving ¢

leacing rate = 2 gwafoc L,

Bogiach rates= 15 sonafoc. .

For on cosumed 18 hour swaning Joy wish =0 averspge Jeasnd
. . . 2
of £60 o (for & 24 hour Jey) 2 filter erec of 30 o wvas re-
correnlal,

For the ceraticn unit, & nressure of 7.0 »noi 2t the
nozzles uvas cosuded, Using 24 nozzles the Flow wes 24 gouf
nozzie vith & hzod loss of 1,20 £t through each nozzle or a
sreasure differcenticl of /4.65 28l betireen the Tirst and lact

NnozZsles.

Turiine suiins were uaed for sunsing froa clezr wvater
astorege o the eleveted storage. For the initisl ohise, o
200 gom conctant soesd pumng vere sronosed, with tiro 575 oo
nwine teo Se use . during the ssconl Dhoce. Horse sover reculres
ments were 15 Hx snd 35 Hn reopectively, inciuding stondisy.

For the well puwap instsliistlon the initisl recomneniote-
ion is for a 7+ Hy turbine pumpd, an’ for the if~year Jeaiprn

-

z 30 Hp turiine nsuwirm is used,

eter neters cve to Le inctzlled as pext of thic project,

+ . ' . a . a i
znd it ic estiacsed thot on 7 dtisl need of 500 & in -
e

¥l

LR

deters will exist, Lcotucl metesy inctzollctions cre estimatel

o ke sounetthot iecs then this.

The schedule of »ine sizes znl cucntities for the

sistribubion systen ic oo follous

3,300 i, 10min zohestos ceaent-pine
5,000 m. G=in =cobestos ceient-sine
75300 2. fmin P2.V.C, »ize
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200 11, A=in D,V.C. pines

2, pi:
£4., 550 11, 3=in P.V.C, pinc
72 lie 8""3‘-:-'1 Co Ilpl
154 1z, G=din CuI.P.

90 1:1. !':-i.'.“‘i C. I.Pt

Rl

elizslility of the sroundusiter zourcz vhich is

to De ucel for the KuatbaomLeilinren cyctew wos estailishel
of the sroundiricber dnvestirztion Hroprzn in the

UlIa? (SF) »nroject. In counection with the [rouwndrcter inves-

tigoticn for Krotto-Leilingen the ohoerveations cre wale i

Pert IT of thic renort,

The degree of trectuent recuirs’l to sroduce on aderucte
notoile drinking wnter io cnticinectel to e cimiloy to that
reruirec for cther prowadirator sunnly syctems in the area.

The szzic trestment includes: ceration, for iron removaly

sens filtration; aad nE oijustaent and carbon dicudide reducte-
ifon through the uce of chell filters, Should it Ge noocoilbl

to aveolil the use of sShell filderc Uy ubilizing wized aedds

or other innovotions, the sicess oresa wvould ze used for ciear
uater storope. In acliition to thic use of o wethod of fil-
tration vith which the water sunply cysten stoff in Surinon

is reaiily feailice, it wvec decilel thaets the retention of

the uncounlicoted methed was Justificsl since the esuipoent

cnll sgructure usel zZre not complicateol or overly-~sophisticated,

A8 zn zlternate, the zoceibdlity of using o ourfice
water supply, the Scrzmcees River vdith on intobe ot Uitinijl,
vnG concidere] and lnvestip-tel. The chemiesl onzlycis of
river uster crmoles indiestesl chat the cherscteristics ol
the ror veter vere such that ¢ slov sznd or Riolsrieni filter
coull e usel, pavticularly ciance the turi:d ity of the rov

wiber wves less than the limitinge velue of LC mg/l (mecosured

7

[

55 810,)s 4 progrem of besting uwbillzdng two somall test fi
ters gos intistel and, slthowh operationsl difficuldies
vere encountered in the tesgt arogram, the reonlis wvere
encoursoing. Hovever, the use of the surfrce unter uac Tecidlen

P

zozinet in view of the remoie sossilbility of cneecosively high



chloriie conternt in the row utter Juring sretracted dry

dersons, Thisc ig Jiccusasd i grecter detail dn the
"TPreliiincry Stulies and Plans! poropraph of thic rejort.

TIT.5e3:s1.2. Conmgtruciion Stoncirds

Generclly the standopds of ruciity of conctruction

Tor the projfoct will Le gindlor to those clresdy in effect in

he country, siace extrenely Jivergent oontlicaotions woulsd ned

o

1.

se justifiedl. In the cose of concrete conciruction, for ewsunle,

ic underctoeo” thet the setucl cstrengtiis ochieved in concrete

ci

roduacel in Surinsn ten’ o Le sodevhrd less thon thwoe of

ra

other countries, This ic reflected in the structurz=l “esirns o

the Filter »lonbd unite.

The uncveilebilidy of Duropenn ghbandards for pining
ouproesas hog crected the necessity
~

L
For estallichingr the U.S5,. sotoalerds for thess cleaents of the
i

sroject. L coanlete et of nroboityne soecificciicons hag Leen
nrepored for thic project, However, it ic clecrly oitioulatel

thot  the ecuizaent cal dztorizls snecifie] sceer’ing to the
Uu5. ctonterds coul:!! Le cubsotiftutel with seceentsble Suropern
mzbericl, The desisrnc are such thot ciay nlnor Jifferences

in dizencions con be compencotel for with feur oroblans,

I¥X.6.3.1le Prelininary Studies cnd Plen

During the initizl Jevelonnent stegfes at the
Kuatta~LeiZin-en oreiect two zléerantives wvere considerad

in ecomnection wisth the o ucter ournliy.

The possitility of Luwi suonly from the proposed
Surincn Uater Comniny instolloti

1avestigated. Thic zlternc the olitira

[\u
e
t_.'l-.
<
o)
£y
(5 B T T
9
%
o
4l
i
o
[

zanect of eliminsting the ased Tor construction of ¢ trest-

ment piant foeility. However, 1t oo ebtermdined that the
totol areductive ecoapmeity of the Lonloloerderii stetion
ouls e comrorinctely 75D s or 0.047 ﬂ3/530- The cverage
oil

i e
P

e

£

r denenl fopr the Kw“ttamLeiangﬂn sraject io Lasel on

ot .

=

-

icure of 570 goa or 0.036 o /Hec. Siace the nrovicion
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of thisc =suount of woter ic prolibitive Tor the Lanﬂsboerﬁerij
stotion on’, nince the statien would not be erpanded in the
forgeecoizle fubture, thic clternetive es not pursued.

The secomd. ciiernstive investiszte:

of the SGeraances LDive

~

ent & slou sond (Cioloriczl) Filger
T

stment »lonb. L test Tilder weg inotelled

testing srogran yog dnitistel. Llthourh o numler of opercie
ionali Jifficuliies vere oncouatercl, it tecone evident thob
the e surfoce water coull e soticfoetorily treztel. Lt
the szae tine, hydrolopgicel cnd hydreaulic “ots was Leing
collected Tor the river. The dotco hc”ed thaat, when the Flow
in the river reducal to less thon 2.0 o /uec., vhe chloride
concentration rose Lo npﬁroximately 200 az/l. This had

\

occurred trice Suring the perded 19€7% - 192460 and conmtinued
for o tuo-uonth period. Because of the poscibility of o
recurrence ol thic conditicen, it uvis Jecided 4o elindnzte
the river 25 = vav wcter surnly source, Usre grounduster
uncvailsblie the use of the river oul:l e nonlotory, buab
this would nececcitete constructicn of cufficisnt storege
volutie Go tile over the neriol of eirecesa’ve sclinidy = an

exnencive orosilcct.

Jith regord to the distrilbution cyctens, tuo clter-

natives were investipotal ;3 ool these concernel the Jorilkaba

[

E"?

ni zloe the Uithijl: wreos, Thece were stwliicd from the
oint of wview of proviling ground water 28 well 2o using
the Sorapuccs River 55 o source, IT the curface water uere
to e uzel, 1t would De necessary to inctsll o total of
three elevoted storspge tonks 3 cneezch b Uidkiil, Jorilshe
mnll b the ceater of the . ... agen ores. Treatment vould

corplished throush ¢ biological Filt

e
3
o
1.4:
o
&
%
[
¥
*
cr
ra
cr

Aresent = preblen with regord o Jensnd or Hressurc. louever,
18 Uithijl wero to Te inelulel uith the Kustto-leidingen

project, it rsull Le nseessary to nroviie Loosher oumming
o

Fron goune internedicto woint Lebusesn Uitikziik zal the Kratiow

IIT-47



I17,043.1,5, Conctruction, Lotor, Hotericls cad BEouisment
_? )

The cvailslility of o

Biil=l =znl unszilled lohorn
in the country is guch that the construction of the aroject
coull mroceed withoubt oo much Jiffiecnlty. £ nuater of
orojects of conpilerrble size znl conzlerity hive Leen Couie
pleted in Surinc in whichh loczl Zzlor tocolr oo active Dort.
In cennection with the ourito industry msréicularly, loczl
Ichor o used erbensively in the construction of =lont

£ -1 = Ao - e SO T e R Ta s T o e 3 e -
feeilities, rocds ond beidres, Jzac ond veter inots

woo initdoted ond Jeveloped to o grest derrec. The Surinzm
deter Compony hotl Twilt several oystems in which loesl isher

irx
DerGs Tite "yrainalility" of lecol Iclor io

Generally copeslhiing, the techniczl =snd suservicory

sersonnel sveileolle in the country ~re clrecdy committed

i
te cuxicting orgealzaticns, Private z2al rovernoent sector

orpenisotions counets for the services on thio level of

emdioyees; nnd, thereforse the aunber of techniczl, cuper-

eocoicinzl personnel is limdted, However, the

i e
stofl thet dic availzble scems to he commretent cnd cananle
f henlling the ressonciiilities of this ind of oroject.

Cenlent, zgoresotes, woter for conerete, ond luwiber

v

ore preflily oLtoinokle in the counbry oand cre in atoci,.

Itens such oo reinforcing steel, strucburcl sveel, harducre,

b}

PUARS, aotors, ciectricel wirding ond svitehgear, plosso,
peint and piping must be inmortel cnd sufficient

- - - . -+ - P - .

~2234 bine aust Ls zllovwed for thiso INSOPrTLTION,

Logistical dteae such zo housing, fecz, fusl zond

P

ancn, renair facilities ond the lile ore not likely

conotruction

o
¥

Lorlsr,

e

3]

o oy cerious orokleons. DBini
1

< on il storage

P

Site is such thet conobruetion re-rchricot
e i not linmited, thereby allowing worinun

i <
uhilizetion of the conctruction Forces.,

4 S ) » . o n . o i n . . -
Hezvy duty consiruction cruipument ond spesiclized

construction etuizuent is cvoilshble Sron seversl contrectors
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n the metronolitan aress. The nzintencnce and repoir
ar

o olso present.

Sucontrocting of some of the branches of the vori
such as eleciricsl and aechanicsl could Se Dossitle since
there are controctors of thio tyre actively enrcped in She
fields 2t sresent. However, the injividuel guLcontracts
micht prove to bLe sounevhct erpensive oince the cmount of
this swoecizlized vork: invelves on the »reject ic not very

Frent,.

ITTe64341.5, Oneciz) Construction Probleris Foreoeen

Construction moy be offectel wy the roingy

5]
D
f
11
Qo
=
153

whiich nomazlly oceur twice duriang the yesr. The

and reinfzll con e shotm a2z Follows o

4}
{
a
{1
O
st
4]

Honth J T e A id J J A S C i) >
Sesoon
Leiny short dry  Long Rainy Long 1y Rezay

Rednfell 193 156 162 232 321 303 224 167 86 87 109 174 2
Soue delays due to sSeosoasl roina night e anticine
althourh the reing moy e hecwy Tut cre of short duration,
the norazl nracbice in construction suring the roiny seaso
Seens Lo e o worlk in snite of the rain, Flooling at the
aroject cite will procally not occur, since the drainace
System existing in the cren is ruite suitoble, Tennerature
tend To remsin fairly constont vith hunidity contributing
porsonal discomfort nore then will creessive bemnerstuirc.
Houever, it is expected tho: no seriouc consStruction Jdelay
wouicd stem From eristing precipitstion, temneratures, or
wenther conditions cnd thoit the oversll effect on the
conctruction schedule, ecuinment use and lobor forces will

be mininzl,

Generally the surfs s0il in the aroiect arez ig

e

Terr
totzl

208 mm
ted;

an:l

I3

L
=o

&

e
caniy with some clay or shell mirfure. Soil tests hove Leen

IIT-6
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comducted ond the necesssry recommendotions concerning
Structurcl recuircuents hove ween mcde. Resultc of the
soils annlyces zal sutourfoee investirctions for deter-
dinstion of cuslity founletions ond method of Foundation

construction zre attachel co Anpendis: ITI-O,

The project cite is Tree of larce trees orp veretation

-
LR

o econ be clecred vitheut too much effors,

he problem of rrounducter elevotion moy LOSwae
serious nroporvions Sut vill not bBe of = ciriticsl nature.
It is planne! to excavote to zn elevation of - 1.25 m,00,3,82,
frou the existing cround surfoce ot the Jeenest zoint. The
elevetion of the ground wvater tohle reoches o merimey heicht
of + 0.43 u. N.3.P, Thus, site Ce-watering will ke recuired,

Rerouting of street Lroffic Curine. construction aof
the distribution systen witl, din oll prolelilivy, not e
necesscsry. Jhile theve ucy Le Lpilef delaysc in troffic novew
menv, these will Le of choré Muration zn” vill now reculire
any specicl scheduling of these construction eleaente vhich
7ill Le contiguous to major rosds., Tuo mejor roads ill
recuire specizl attention o8 far o Duried cazles, nouerp

poles, ebc., zre concernsd,

Lead~tine for acheduling Jeliveries of eouipnent
anct waterials vhich are to e innorted should bo estinsted
8 three to four msonths, This tiae olement czn, of course,
e reduced depenling upon where the opders will bo nlaced
el whet comiitnents com e oltoined from the © sunnliers,

There shoull e ne Aifficulty in crboining tenporary
service pover frow the clecoricol supnly orpanlzstion
use duringe coastruction. The clectric compony (OGE) lheoo
ween clviged thot this need shoul. be enbicinated and has
tccepted the responoitility for sroviling for the addel
load,

Because the property on tvhich the btrectoent mizat ico

o s - ] - - T e - . L = I 1. - eg rey mm A
o Le loczted heo cliendly Ceen identifiel as celenring o the

I1IT~70



central povernment, there should Se no delays due 4o
condemation sroceelings o sindilcor cctions necessary to

Secure tivtie to the zrozerty., The well site is zloo locsted

+

in the same nlot and is, therefore, not sulject to Jisoute.

A pogaoilc gource of diffict Ivy moy e the eristing

orifige Shznning the concl which fronts on the conctruciion

orl=beaping conoeiby of this struacture heo

L T, Lo ] AT 'ﬂ
Sites, VWhile the L
.

peen atesunte for lorpe trucke ond cloe for the dril ling

hl

rigs ucel dn the euploration arogron, it eould messinly be

of insufficient otrensth Lo sulzort excecsive loadiing. A

careful examination sn’ inspection ic recoibiended aJrior to

construction start-un,

I¥T.6.3+2. COUMEUIINE SYSTEL

The prozoced Commaeviine niroject hzs not heen develoned
ceyond the ¥Prelinincry 3tudies mnd PlenW whagce, zlthoush ¢
congidersble amcunt of effort has heen evnended in this

rarorl.

The fenerzl considerztions for this sroject (lesign
criteris, population growth, ete.) zre the sone 20 for Ghe
watte-Leidingen nroject and, therefore, are not rencated
here-

Basically Jifferent, houever, is the type of service
aren and also the prollem of cveilalility of groundivster oo

e suznly source.

Thae Commewijne gerviec orer (See Lnnendiu TTI-9) is
mole up of o number of sasll sectbersd communities connected
Ly long reaches of sparsely populobed rooca. The hisctoricol
sooence of potoble ~Sround woter in suSficient cusntities to
previde water for any comaunity (cicent Heersorg, which
representc on ertromely limdted supply) hoc tended to lirit
the emvension znd ~routh of these comauaitics. FoXlowing is

& lict of the comaumities cnd the estimnted nonpulations o

*

Be gerved in ezch 3
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Commauni ty 19370 1237
Meriéniues 4400 8800
Zoelen 53670 9830
Leliendal 580 11&0
Ketrrdjis 19135 3839
Welerzore 310 620
Snieringshoel: 250 509
Allsor 2320 ~G00
Tepenredjo 2580 5160
Heerzore 7340 15,000
Peperiot 2460 500
Luct en Rust 300 £00
Belvaardsa 240 A80
Hieuwr hdusterdan 2340 A700
Voorburg 375 175G

Tobzl 20, 560 .57, 500

Oaly Heerzorg hac o 2ized sunnly, including a
smrll treatient slent with orescsure Filtretion ond
pressure storare serving 2 cysten of cmnll stornpe
structures fron which the uscers aust handpuin wuotar.

The systems coperztes 12 hourc per oy,

48 will Te noted from = review of the systen <drawviag
(ﬁp?endix IIT-9) Coummcuiine supoly system reflects the
need for £ lerge trancnission neia, an’ hooster stations
{2t Heerzory =znd Marienburs), in addition to the ususl

trectment nlent zpnd individual distribution syotens.,

The trensmission sSysten will renresent the prestest

LI ]

cost elenent in this cyscten zad will Jenend unon the

aveilability of ground weter, The potentizl for gcupply is
discusced in Port IT of thic renort. At this stace of the

study, it is assumed thot sufficient grounduster will be
kil

anzroviaztely § Go € hZilometers eact of the

U

ropoesed treatnent plant., IE this iz not the cazse, a
rther sove to the ezct muct e nade (orobzaizly 13 %ilc-
meters), imcurring subotontizl cests for odditionzl 20~
inch transnicoion nsin.
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Sarly in the -roject i
the Surinnme river oo - notenticl scurce of cunsly for the
Commetrijne service znrea. It was oroneses 4o instell oo intaiis
in the vicinity of Groot Chetillon, ot aarerdnstely 20 Hilo-
Aeters south of Tamcprello. Rew vater wouls be umned to o
treztoeat »lont site ot Tomenredjo throuzh en overiznd trong-

iczion nzin, Wiile thic sltermstc aight obill e Justifiod,

cocuniag insufficient srouncirsiterp zvailability, the high
costs (2rohs 3ly grecter thoen 58, 2 aillion) dus to evtrenely

Cifficult construction preixleas vould secim to oreclule ite
recommendstion, Sone of the construction proslens include
o anitver of river znd creck crocoings, wasrorinately 10 ilo-

aebers of curany terroin which woull necessitote uil ding on

allevezther ccecess rond and pile~ riving for pide sunports, ond

Procatle Laoster PUDAng recuiresents. A lerse slovuwmoand
Filtration anlant would oloo need to “e conctiructe:l,
fnother slternctive vhieh : aight merit further consider-
ation isc o river croesing frow Leonabers to HariZnbures in
vhich bulk susplies of trested wotep {surcheced From Lhe
Surdnsn Water Company) coull e trancported to the Commeviine
area. Siting the croccing 2zt this 20int in the river has the
cdvantapes of the river hottom ot this locaotion Geing below
the lewest seint planned for Surinam river Losin Jredoing in
the river trenssorteotion study end slso the distance scrocc
the river ic shorter here thon any other lecztion on the
lower Surinzn river. Project ztaff hove een sble to obtain
only the cost of the crossing pive from 2 United Stetes

manuf acturer, The cost of inctallation hae not been determined

[

s yetv, although three conotruction compenies are to be cueried

for estinmztes vhen time pernits. In zddition, it d4s still not
known whether thg Surinasm Weter Compeny could, in Faet,
provide sufficient cuantiti 2 of trested water to mect the
Commewijne zres demsnd which is e
of 1365 gpn and = pesk flow of 2200 gpn av the Orlezna Creecl:
trestment olant,

Other zlterrates inciude mewersl cugrestions by rovern-—

< L

i8 for o combinction wol
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b and water to Hizuw Amcterdar

1
S - L . S T - R ~ wy=-— T ~ 1. Y . P
IO P.":“,PL.,'..;L:.-,;.{‘:‘]_L":U o Thic would pezisco ) TGRSO '.,!.L"f s cFoNuT
£fro

pa-
s
2
o

1 Le oublet of the /Foiach OUC mo

'y
% H A 1,z PO — . 2 ke Al roL 5 -
Leonobery to holding tonke =t iewwr Lanterdsm, finother io
)
_

T - T ! 3o oy Al :
zouth aof the =zrez i whinh Arpleotion end covysuni by waber
- P - . T S npd o D e e T - - -
Eunniles could Lo provicded, Project oStaff haove no+t dinvestie-

2 - y L T e g . - Torq ol
Princinal elenents of the owvaten incladc s
- = e Pt

LS Merdi@aburg ¢ sround stowsge ol 125,000 ~alilong
elevated atorage of 21, 500 gallonc,

sveraze Tlawr of 270 goa
o)

At Meerzorg foground storage of 230,000 gsllene
clevated storoge of 25,000 gellong,
heipht of 150 £+,

averzge flow of

beoster Dunm o3

u

Lt Orleana Creehirapid sand Ciltration trestacnt nlant
ground pbtorzge of 1,000,000 gallons
averzge fleo of 13685 gpnm

2ok flow of 2800 gpo

2
elevated storzgs of approximately

200,000 gollons
pumning ctation

Prirnecinal Distriluticn Svoten

¥
—

20-inch aolcstoswconent oize 5, £00 metors

e} .
18-inech 1 f 1 35 000 1
1b-inch i 1 n 12, 600 H
1f—ingh " i it 3, 53G0 i

12-ines " n i 11,500 ™
10~inch " " " 16,500  n
Suwingl " i m 4,000 n
Geingh olactic " n 3,000 "
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TI1.6.53.3, Pz7 van Wenies Ject Bysten

Bl e, ey e ---.-—-—-uu..u.._.,_“..,n—- —— e e ey

The Pad weon Giznica est oveten will e
2pprovinotely the seme in sise ond ceneral charoeteriokico
ac the Huottz=Leldingen syotcm, The Jdemi o acpulation of

o
spprovinately 2£,000 do aloe sioilar $o Shat o7 the Kol

The sycotom io bounded Dy the Tollowing

» Hizuw Zergues
» Magentalianoald
«» Lilanomwres

At this stapge of the study, oniy wvery orelininspy

o

ectinates hive Leon made for the systesi, The principal

resson ror thic is thot the sriority sttachesd o the Kusttsoe-
Leidingen znd +o the Commevijne oyoton ape hirher then thot
civen to Pad wan Wanics Wost, » rther, rroject scteflf 2no act

Deen availenle for full-tinc soaignient to the tasiia cone
nected with the deaigns. Logtly, the aveilability of

sufficient cusnititieg oF croundinter iz z4ill in Joubd,

Part of the zrea included in the nlove system ig

alrecdy scerved by = ptiadpipe susply which is enerated Dy

the JUC fron its trzasmicsion Iine frew Republ
g

ig
Peremarikbo. Thic ceocurs eleng Pad van Uonizz, the main
northezouth highway to senderij, but extends only ceveral
huzndred ncterc west of tho highuway.

Azl

IIT.6,3.4, Cther Systens under Stuady

it Bt ey e b e . e i o e e i i i _.4__._,...._.__.
T - F . Ead e - L o7 -~ _ L -
The oystan for Erounsvey oo alresdy Teen givon

consciderable sitention sven thougl: i€ io io the Susniy
Group IT =reag, Criticel teollens in mcdatoining the
cristing (dnte eraittent) vetor supsly cystens hoo nlaced che
grtion on project persomiel to operate at ol plonned

i
Sciuence in ovrder Lo saslst in prohlemuaalviﬂg. The

gasvanizedeiron T-iilonetop Long viter main o otorzge tonies

ITT-75%
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El Browmowes, and 2 stondpipe supnly togethor with individunl

gervices to governnent ond adilitery instzllations,
It hes zeenr ploanned =g part ©f this clt o asciotd

nroje
12 the design enc construction of 2 new dreaticnt cycten which

will sSerwve 2 totzl of 3,000 norcons. Bsced on wuoving the intzke
rao the cami Creck to the Vin Rlomaenstein necr (thercis
chortening the trancmisgcion nodn fron 7-izilon

seters to lees
then 2 kilometers znd peducing the eritvicsl mci

problens involved) the sycotem would thus be pusrsntesd =
sufficicent continuous supply. During protracted dry secusons
with the existing cyoten, the source Foils and water oust bhe
trancported by tr k znd by rail to Browvnswer. Discusscions
with the cluninum company which controls the waber in the
lcke hove nroduced nooitive recultes in that the conpany hap

ne objection to tho asxvraction of water for thio Durposc,

oubjoet Lo o lioit of 300 cubic meters ser day.

Topograshic curveyinge of the new brecticnt plont citc
adjoining the nilitary rescrvotion and site preparations
hove been completed 2ad two 90 cubic neter tonks arc being
renoveted foir uge zo slow-geand filters. Foundetions decigns
have been comploted,

Precent planc call for filirestion and chicrination
prior to gravity flow te existing sitorage. Ac nentioned
previously in thise rcport; the raw water can be treated
through piological filtration and will producc an

sthetically nore zbiractive product that hasz boen
available to the uscrz in the past.

T¢ io ewpected that this systom will e constructed

nidl in operation orior to the end of this UNDP{5F) projszct

m

;..l.
“-1
Cﬁ-.
o
™
o
t
Ky
0
g
4
e
H
o
03
0
&

nd rill afford an exccellont oppo

D

in bdological filtretion under full-scalc cperating

conditions,

Inveotisavions have zioo heon initicokbed dintoe the

Fal . i . 1 * T 3 3
Iollowing arcas of cxisting cupplies i Vogeningon, Hicuw

&

Hickeric arcas, Hoswarasun, Vonoredijo and Coronie.
TTI-76



; Visito have Lecon node to Supply Group [II arezs (o0 pro-
: lininary planaing and includs @ Stoelnan  Icland, Kwskagron,
b
E and Polocnioc.
In commnection ith onotential UWICER finoncings of
woter ocupply syostons, the following Scystems hove Desn given

considerstions:

T Groot & Klein Henop

il
L]

=
e

Desipn popuisticn @ 6,000 (1
Averare Doily Densnd @0 450 culri.
Ocurcs ;3 Grouad woter — 1 well, 100 n. depth (esmicting)

Treatnens : Leration, Ssad and Dhell Filtratioa {iron
roioval »ll control)

Ground Storage (concrotc) 200 cu. o, Blevated Storago
(StCL-F ) 16 Cliela

Pistribtution Syoternr 1 8

n
"

Za Domburg & SBoalkoidon

Decign populaticn : 13,500 (1937)

Average Doily Danand 1,080 Cleile

Source : Groundwater - 2 wellsc {6%) 100 n, depth
(one existing)

Treatmont ' Acration, Sand and Shell Filtration

Ground Btoropoe {concrate) 300 cu.n. Slcvated Storage
(cteel) 24 cu.m.
@l

T2 Et,

Disgtribution Syoton ¢ 22 o AT pve
. I3 b 3" owe
3. Coleountdts & Tidperizraesk

Design pornulation @ 6,500 (1937)
Avercpe Doily Denand 10 520 cuait.

Source : CGrounduzter - 2 wells (6") 180 n. depth
{one exzisting)

Treatnent : Acrstdon, Sand filtrotion

Storcge teak {concrete) 200 cu.mwIlevatcd storcge {otoel)
16 aum. ol 72 I,

Distributicon Systen ¢ 15 kil 4" pve
10 I, 4% ove

TiE-77




R r . o A LSRN

o
&+

i
the tevel of financing svailablie end prioriticc agcipned

f)

e s

Corentijin Polder

. . ; o
Desirn popuwlstion o 14,000 (lgu?)

Aversre Deily Deowend ¢ L,120 cu.il.
Source @ Groundizior - 2 weils (6") 160 o, denth

(cnc existing)

Trootnent @ feration, Sand Fildration
Groun storape {concrete)300 cu i, Bloveted storasso
{ctoecl) 24 Claiie

4
g
Fars

me W DUC
. 3 pve

s Bes ]

Design populaoticn 14,060 (3987)
fverage Doily Demand @0 1,120 cul.n.
Source 3 Groumdwvater — 2 wclls (6") 100 o, denth
(one existing)
Treatment @ fLleroticn, Sond filtrodion
Ground Storage (concrcte) 300 ¢a.2, Blevated Storagc
(ztecl) 24 cuun,

Distribution Syoten @ A0 n, 4V ove
5 e 3" pwe

Kuskocgron

Design Populstion @ 1,200 (1967)

Source : SBurface water
tverapo Deily Denand : 80 cu.ni.

Grount storagc ~ 30 cu,.n

Treotuent ¢ Biolegiczl Sand filtration, chlorination

Digtribution Syoten : 4 ko, 20 Ve

Yon Dpriosciand Polcder
Design population : 6,000 (1957)

Averapge Daily Denand 480 cu.ii.

Source t Grounduator - 1 ogolil (6%) 100 n. denth
Ireatuent @ ficvretion, Sand znd Shell Filtration

Ground Btorcge (concrcote) 200 ewu, Elovetced Sterags
(oteel) 10 cudn.

stribution Syoten ¢ 8 ko AV ove

el
Sy

The phacing of thoeoo projects,

48 Tollowod



Uoter Supply Estimated Year of Inmplenentation
Focedilitvics 173 1 AGTL Y 1375 12978 Jid77

Lot
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e e e
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Greot and {lein Bonor *
1

Domburg: & Soolkealden e
Coleutts & Tijgerursek old

Coprantiin Poliern e
Frradioco . I
Kerelzoegron i

Vo Drimmclond “r

e i T L L re e g
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PART IV - SEWERACE

(spcTION I - General Considerations)

-Iv.l.l INTRODUCTION

| In Part ITT of this report, the resulits of detailed investizations

are presented in problems involving the provision of adequate potable water zup-
plies.  However, in order to maintain adesuate standards of public health em-
phagis not only should be wplaced upon providing readily availsble suitable watey
supplies but alsc upon the remocval of waste waters, largely in the form of domes-
tic sewage and industrial wastes, from populated arezs and ultimate disposal by
sanitary means. While not included in this project, the removal of sterm waters
from populated areas ig alsoc an important requirement, especially under conditions
prevailling throughout the Surinam coastal areas where drainage by natural means
is dAifficult because of the flat terrain.

In pursuance of the over-ridingz cbjective of improving envircnmental
sanitary conditinonms throughout the project ares, preliminary investigations have
been initiated into the existing situstion with regard to sewerage. Basic data
énd design criteria for sewerage are being developed in the frame of reference
of the population estimates and water supply proposals previously presented.

IV.1.2  EXISTING FACILITIES

{ Within the project area, with the exception of Paramaribo, there is no
éanitary sewerage system in operation. The Paramzribo systest, in itself, does
ot constitute a sanitary sewage collection and trestment facility in that the
ﬁaste water collected is the effluent from septic tanks rather than raw sewage.
é eowbined system, carpdng this effluent as well as storm drainage, transporits
the wastewater to outfall pumping stetiong for disposal in the Surdnam river.
{See Annex IV-1). This system has grown with the growth of the city; and, be-
gause of this, reflects some hydraulie inadeguacies.

h As Parameribe continues to expand, the cxisting combined sewers are

sometimes lTimited in capacity and surcharging resuits. Further, some of the

lines have a definite neecd for structural rehebilitation. )
ITW=21
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The use of open canale also creates a vroblem in that most are hydras -
lically inefficient ang subject to rapid weed growth, and beeause of this (together
with trash dumping in the canals) sericus sanitation problems are created.

In connecticon with the Paramaribo system, the Ministry of Public Works
retained & Europeen consuliting engineering firm to investigate the sewage and
drainage problems in the city and to provide solutions. Thia effeort is still
being spengored through assistance of the Europear Economic Community. As a
result of this study, the consulting engineers observed the following:

(a) the central Paramaribo gystem was functioning adequately,
{b) the nerthern urban area contizuous to the city was in a state

of flux ard this seemed to preclude accurate appraisal of the

problem, thereby alfecting solutions,

{e) collection and treatment in the gouthern arca should be such as
to allow only treated effluent to be discharged into the
Saramacca Canal,

{a) the western area development was such that furthor economic re-
view wag necessary prior to reaching any design conclusions or
to making proposals,

{e) whenever possible, separate systems should be installed instead

of combined sewers.

Also in commection with the above study the consulting engineers es-
tablished the following Turgency’ list which refers tc the drawing attached as
Appendix IV-1, and is translated as Tollows:

ﬁ 1. Drambranderégracht

Here a good working sewerage system could be rvealized with a small
amount of ymrk. A big investment is already made but seems to be very
unproductive. Repular flooding probloms are presently existing which

c¢an be climinated by the construction of a lift-station.

Va2



2. Limesgracht

The mainline and the discharge in this drainsge area have to be im-

O e e e

§ proved because 1t is in a wery deplorable state.

: 3- Somme]l sdi jkse Kreek

; : Discharge to the Surinam River has to be improved on a short time

; basis, The Creek has to be constructed in accordance with the ulti-
? mate discharge criteria, Certain upstream portiong have to be im-
% proved as goon as possible.

% L. Overcemkanaal, Zemnebloemkanaal end Cottica (Flora) Canal

% The improvement of these canals ig urgent. The improvement of the
g water quality of these canals by treatment is necessary for hygienic
; reasons.

: 5. Caleutta Kenmaal

i A bad discharge resulting in poor hygienic conditions is presently
f exisiting. A well-designed sewer system has to be designed for thig
; aren.

¥

E 5. Knuffelsegracht

§ Enclosing of the Picorni and Viotte Crecks is very much desired.

;

§ 7 Steenbakkersgracht

i Enclosing 1s desired.

? e In the remaining areas the wrgency is less acute caused by the less

3
{
]
i
'

population density

Above mentioned list of projects is given in the order of urgency de-

gree. We would like to mention the following differences between the grades of
urgene; -

Foint 1. certainly is the most urgent, points 2 through 5 are 2ll very
ﬁrgent, the remaining points are less urgent.

Foture studies will indicate in accordence with which principles the
imPrcvement rrogram has to be realized. At the same time a cost price caleula-

tion for all the construction projects will ke estimated.
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in 2ddition to the above study, the consulting engineers proposed a
sanitary sewage treatment plant on the Flora Canal for which a preliuinary design
was provided to Government. This advanced secondary treatment plant was designed
for an initial population of 10,000 persong with expansion %o 20,000 suggested by
the consultants Industrial waste treatment was not included in the plant capa-
bility. The design of the collection system is not available in Surinam, as far
&5 could be determined at this writing.

Government is considering its own alternate design for the Flora Pro-
Ject at present. This design would utilize oxidation ditehes with sludge dis-
posal.

The P.A.M., report recommended that the urban areas contiguous to
Parsmaribo which were to be included in the detailed designs included in the UNDP
(SF) project would be "only those sewerage systems that will he directly connect-
ed to the projected Paramaribo city system (now under investigation by the
Government conswlting engincers)." It appears that this aasumpticn was optimis-
tic since there are no plans or designs (in preiiminary or final stages) for the
Paramaribo municipal system nor will any be fortheoming during the life of the
UNDP(SF) project. The unfortunate result of thiz situstion is thet the suburban
systems will have to be desipgned independent of any potential connectionsg to a
larger urban system.

The only commnity system in Sﬁrinam which collects and treats domestic
weste through a piped ccllection system and a secondary treatment (activated
sludge) plant is the small "Vie Belle" system which is operated in a small resi-
dential subdivision in Paramaribe by Suraleco. This system handles the waste-
water of approximately 50 houses.

At the Santo Boma prisscn, septic tank effiuent is collected and pond-
ed in a series of lagoons which provide approximately 90 days retention. (See
Appendix IV-2). After post-chlorination the effluent is digposed of in open
drainage ditches. A +total population of approximately 500 inmates and personnel

is served by this system, which ig unigue in Surinam.
IV-d



wv.1.3 PRESENT METHODS OF DOMESTIC WASTE DISPOSAL

Ag stated previously the sanitary sewage treatment in most of the
populated areas is effected through the uge of septic tanks and effluent col-
lection. 1In those areas where no piped system exists, the geptic tank effluent
is discharged into seepage aress or into drainage ditecheg. During dry seasons,
with no storm flows, the total digcharge of some of these djtches is prartially
treated or unireated sewvage.

Diteh systems are generally installed et flat grades and at only a
glightly lower elevation than the surrounding terrain. Installation of cul-
verts is not controlled as far as invert elevations are concerned. This,
together with debris accumulation and encroachment, creates conditions in
which sewage eollects and stagnates, frequently becoming septic.

Conversely, during the rainy seasong, the resultant overflows which
result from the lack of hydraulice capacity spread heavily-peclluted woter. This
ig further aggravated Ly tide-locking of the channels at certain periods.

Obviocusly the above conditions ereate sovere health hazards and peint
up the need for immediate comgideration of improvements to the scwer and storm
drain systems in order to remove sewage and storm waters from the populated
areas.

There 1s less urgency with regard to sewsge treatment. The condition
of the lower Surinam river is such that the disposal of untreated scwape into
it in the immediate future should not create hazards to public health.

In the mere rural areas and in some built-up areag, pit latrines are
uscd almost exclusively, except when no facilities at all are provided., Oc-
caglonally a septic tank is installed particvlarly when a larger residence is

constructed. In theze cases, the installations also generally include geepage

arcag or drain fields.
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Little regard is given to the sanitary requirements of the latrines.
World Health Organization in the Monograph Beries, No 39,-”Excreta Disposal
for Rural Arcas and Small Commnities by Wazner anad Lanoix, recommends con-
struction of pit latrines in rural areas. put,only if they satisfy the follow-
ing seven reguirements:
1) The surface geil shoulid not be contaminated.
2) There should be no eontamination of ground water that may

enter springs or wells.

3} There should be no contamination of surface water.
b Excreta should not be accessible to flies or animals.
5) There should be noc handling of fresh execreta; or, when thig

is Indispensable, it ghould be kept to a strict minimum.

) There should be freedom from odours or ungightly conditions.

7) The method used ghould be simple and inexpengive in congtruction
and cperation.

Cleaning of latrines is a necessity if the sizec is insufficient 4o
develop decomposition of excreta., The Minigtry of Health is understandably
concerned over this practice, particularty as it requires workers to break up
solid fecal material by hand followed by water-mixing and numping.

In addition to the unganitary and sccially degrading practices con-
rnected with pumping latrines in the country, the depth of the pit and the
high elevation of the groundwater table combine %o cause contaminatien of the
froundwater. Further, there iz little control over the locations of the
latrines, especially on small lots and the inevitable result 1s contamination
of shallow wells.

IV.1.4  PRESENT METHODS OF TWDUSTRIAL WASTE DISPOSAL

Methods of digposal of wastes zenerated by industries in the lower
Surinam river vasin were considered by a shortberm consultant. Tt had heen
Tlammed to attach nig investigation and conclusiong to thiz report but this

feport has not been released for publication by PAHO/WHO at this writing.
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V.15  COMRTNED AND SEPARATE SYSTEMS

In a country sueh as Surinam in which the cxisting majer Bewerage
gystem is a combined system and in which much of the "system'' consists of
open ditches, advocating a separate system for sanitary sewapge may not bLe
simple.

As already stated, the laramsribo gystem has been constructed on the
corbined principle. Although this is a fairly old system and may contain some

calgn defects, these are not sufficient reasoam to abandon or extensively
modify the system. The system appears to have been well-constructed and funce-
tions effeetively except in pericds of heavy, protracted rainfail.

However, it cannct be justified to design combined sewers for new
irstallations. In Surinam, the high rainfall intensities produce an un-
balanced ratio of storm water guantities to sanitary sewage quantitics. This
large ratio Induces the requirement for ecollection iines which have %o operate
vnder & wide range of flov conditions. In order to develop self-cleaning
velocities under dry-weather Tlcw, the conduits must he installed at steep
grades; and this, in turn, results in the need for pumping large guantities of
storm water. Tf pumping ceonomy is to be effected through designing Tor maxi-
mam ow conditions with gravity flows predominant, sewer maintenance problems
multiply'during long dry seasone.

Buried pipelines for hendling huge guantities of storm water are ex-
pensive 42 construct. However, sanitary sewage must be conveyed in this type
of system in order to maintain reasonable levels of poblic health. This, oo,
would emphasize the need for separate systems,

Treatment of sanitary sewage in municipal plants will become
hecessary at some future date. Designs of such plants are based not only
teon the "sirength” of scwage bul also upon the aydraulic loading. Plant
desitm and censtruetion in Surinam basged upoh harndling moderot® sewvage flows
during dry seasons and mageive fiows during rainy seasong is prohibitive in

termg of cogt, and questionable in terms of sound erginscering judsement.
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(SECTION 2 - Bases for Design)

v.2.1 INTRCDUCTION

The provision of piped water supplies irmedintely introduces the

requirement for the sanitary removal of the waste water and sewage. In munic-

ipalitics where a collection and trestment systen for Bewage are svailable,
connection to the sewer ig a minor problen. Where central treatment igs not
Frovided or anticipated, special consideration must be glven to the proposed

method of collection, removal, treatment and disposal of sewage.

1v.2.2 SEPTIC TANX DESTGN

The common method for sewage treatment and disposal, generally in

rural areag including thoge of "developed” countries, consists of an adequate
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{ septic tank for the settling and treatment of the gewage together with a sub-

£ surface leaching system for the disposal of the overflew. In Paramaribo, =asz

previously stated, the effluent is collected in the combined system and disposed

b of in the Surinam river.

5 In the coagtal area, specifically in that part of the project area
Tor which the Supply Group I systems are planned, the relatively high water
table elevation (40 em to 80 em below surface level,generally) generates pro-
bloms in the design of leaching fields or drainage areas. The desgign of leach-
ing fields usuzlly is basged on the ablility of the scil from a depth of 1 meter
Up to 3 meters (and in some mses up to 6 or 8 meters when permeable strata are
deep) to absorh water.

A punber of factors, in addition to the groundwater table loeation,
also affect the "Yreatment’ of septic tank effluent. The scil structurc,
carthworm presence and rocy penetration have o definite effect om the aerobic

Dxidizing bacteria and animal organismg, liquids or gases, A waterlogged

Ty

8011 tends to destroy these effective organisms which in turn serve to nre-
t S€rve the organie matter in the effluent. The use of well-drained, artifidal
1Ea0hing fields may be used in lieuw of a eonventional teaching system, but
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this generally results in disposal of the effluent into ditches, canals or

other watersources.

v.2.3 GENERAL SEWERAGE DESIGN

IV.2.3.1 Introduction:

The desgign of collection, treatment, and disposal facilities for
weste water is primarily controlled by the estimated BOD and hydraulie load-
ings to be handled asz well as the method of collection and treatment which is
justified. 1In developing cost egtimates, it is necessary to determine on a
unit basis not only the flow or volume of waste bub its strength and compeosi-
tion. With respect to flow in collection systems, peak flow rates must be
known in order to determine the required hydraulic capacitics of sewers,
pumping stations, treatment plants, and effluent disposal faeilities. Similar-
1y, strength and composition must be known in order to determine the degree
and type of treatment required to produce an effluent of acceptable guality.
Thus, a study of waste volunes and characteristiecs is a necessary rreliminary
to the development of design criteria. In this project (UNDP/SF), internation-
al and counterpart manpower limitations have been such as to severely limit
this study.

IV.2.3.2 Waste Water Quantities:

There are three important components of waste water wolume: the
Tirst consists of sanitary sewage, the second industrial waste, and the third
consigts both of subsurfoce water which enters o sewer gystem throuch joints
and other openings and of storm water which enters through manhole openings
ard itlicit drain connections. The third component is generally termed in-
filtration,

Because the mojor peortion of infiltration ocours during pericds of
henvy raipfall, it 1s necessary to consider sewage volume in terms of both dry
wenther and wet weather flow. Dry weather flow consists of waste water occcur-

ring during periods of zero or mindmal rainfail. Similarly, wot weather flow

IV-¢



;
&
¥
&
L

consists of waste water plus infiltration and storm woter inflow, Dry weather
flow usually determines the normal loading to be imposed on major units of &
treatment plant, whereas wet weather flow indicates the hydraulic capacity re-
qurired for sewers, pumping stations, and force maing.

IV.2.3.3 Domeatic Sewage:

Unit, or per capita, sewage flows are conventiocnally determined from
& study of recorded flow data andpopulation scrved. Then with the basic data
of present Tlow at hand, future changes are projected and suiteble Tuturc de-
sign allowances sre dctermined,

In Surinam as previously etated, only one fairly extensive sewerage
systen is presently in operation: the Parsmaribo system, which is designed on
the combined basig. Becauge the average per capites water supply (hence per
capita sewage flow) ig restricted by limitations in the present water supply
system, metering of water flows within the Paramaribo system does not provide
a reliable guide to the per capita waste water flews of the population served,
In view of the above factors, and the nccessity for cetablisghing unit sewnge
flows For use in the design of separate sewerage systems, per capita sewagc
flows have been determined by estimation. For design purposes therefore, the
quantily of sewage obtained from regidential areas is estimated to he 70
per cent of the established per capita water allowances {az noted in Part III)}.

Thig percentage generally corresponds to convertional practice for metrcpolitan

aress of this gize,
Iv.2.3.L Industrial Woste:

Because of the varied nature (type and size) of the exigting or anti-
¢ipated fubure industries within Surinam, industrial waste flows arc difficult
to pedict with any degree of accuracy. Hence only general. estimates of the
industrial eontribution are possible. Certain types of industrial wastes will
require pre-treatment prisr to being diseharged into the public scwers, in

arder to provide proper orotectlon to the sewerage system. The extent of such

~ Pre-treatment widl be indicated in the suggested ordinance presented in the
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comprehensive report which will be prepared at the end of the proiect.

Tt is expected that 50 percent of the industrial water consumption
can be estimated ag being discharged to the gewerage system. This volue hag
been found in general to be a reasonable allowance for industrial areas where
suitable regulatory contyrols are applied.

In ereas served by combined sewers, it is estimated that 30 percent
cf the industrial water consumption is discharged to the public sewers.
IV.2.3.5 Infiltration:

In areas served by combined sewers, no consideration has been
given to infiltration because the quantities invelved are generally insignifi-
cant in relation to total hydraulic capacities of the sewers.

For arcas with scparete sewers, an infiltration allowsnce of metric
equivalent to 2,000 gallons per ineh diameter of sewer per mile per day will
be assumed, corresponding to general practice elsevhere where groundwateor is
prevalent and sewers reasonably well congtructed. The purpose of thiz pro-
cedure will be to obtain a2 rezsonable esbimate of infiltration on a per acre

basis which can properly be useda for estimating total infiltration in the

future,
I¥.2.3.6 Design Flows:

The design of sewers is based on maximum rather than average Tlow,
and the ratio of maximum to nuernge flow varies according to locaticn within
the sewerage system, that is, on the extent of the tributary ares from which
Sewaze 1s belng collected. TFor design purposes eatimates will be made of
this peaking factor (rete of maximum to avernge Tlow), but is tentatively

S88umed as a facter of 2.0,

IV.2.3.9 Basis of Design for Sewerage Systoms ir Rural Arens:

IV.23.7.1  Population growth

The average growth in population can be assumed at approximately
h% per year. Additionzl agsumptiong were covered in the scetions

on water system desien. FYe11
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IV.2.3.7.2 - Rate of zewage flows

Number of pecple in a home is assumed to be six. As stated

earlier, flows can only be predicted since no existing sanitary

sewecr systems are vrescntly in service,

Loh it

e

Average daily flow - 70 L/perssn
Peak daily flow - 140 T/person

Thiz ineludes effluent from sinks, toilets, bathrooms, ete.

R oo R TR T, e

IV.2.3.7.3  Peak Sewage Flows From Specific Buildings:

Movie houses

AT T T T

Average capacity 1,000 persons, with 3 performances on Saturdays,
each lasling 2 hours. A}l other days 2 performances/day.
A. For septic tanks and drain field design:

daily : 2.4 w3

hourly : 0.4 m3

B. For overall treatment and gravity system design:

daily © 3.0l
hourly : 0.5 w3
i Restaurants
] Average capacity 35 tables, L persons at one table. Used the

most on Saturdays from 12.00 noon till Sunday morning 1,00
o'elock. Also included is kitchen cleaning effluent.
A. For geptic tank and drainfield design:

dnily : 0.6 md

aourly @ 0.1 md
B. For overall treatment and gravity systom degign:
daily O T

hourly : 0.5 md
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Local shops

Average 100 persons passing through every hour at peak time,

CMEDER I AT et e T e -

; Peak time lasts 4 hours/day.
: A. For septic tank and drainfield desizn:
daily : 0.5 w3
hourly : 0.1 md
j B. For overall treatment and gravity system design:

dnily ;0,6 m3

apeh e e e e g e

hourly ¢ 0.2 mo
Schools

Flow based on 12 grade school and 4 pre-school claszses:

AT T A T 4

; A, For septic tank and drainfieid design:
dzily ¢ 3.0 md
hourly @ Q.b w3

B. Yor overall treatment and gravity system design:

DR i R oL PV SRR AR

daily ;O m3
hourly @ 0.5 md

Service stationg

Station will ke open for 16 heours/day. Included are car
washing ocutflows (only for overall gravity system designs)
A. For septic tank and 8rain ficld design:

daily . 0.8 m3

hourly ¢ 0.1 md

B, For cverall treatment and provity syetem design:

daily 20,013

heurly : 1.2 w3

Iv-13
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Government offices

In use for locel administration tasks. Lo employces workine
8 hours a day. No waiting room for visitors.
A, TFor sepbic tanks and drainfield design:
daily 007 md
hourly v 0.1 w3
B. For oversll treatment and gravity system design:
daily : 1.0 3
hourly @ 1.15 m3

Recreation buildings

Capacity 200 persons on Saturdays and building is used for n
6-hour time perind. Alsc includes effluent from kitchen
facilitics, except for septic ftank design:
A, For septic tank and drainflcld design:

daily : B.om

hourly ¢ 1.0 m3
B. For overall treatment and gravity system design:

daily 9,2 md

hourly ¢ 1.5 w3

Medieal buildings

{(Polikliniek ) Capacity 50 visitors per day and 5 persons pro-
tessional staff. Buildings open for 8 hours a dey.
A. For septic tank and dArainfield deéign:
daily 0.5 m3
hovrly @ 0,1 m3
B. For overall trestment and gravity system design;:
dadly : 0.6 md

hourly : 0,15
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Medical building and amall hoepital

Hospital with a capacity of 20 beds and kitchen facilities.
Included are 7 coployees, 2 emplovecs each o oa 3 shift program,
A. For septic tank and drainfield degign-

daily s 1.9 m

hourly @ 0,2 w
EB. For overall treatment and gravity system design:

daily 2.4 Wl

hourly : 1.0 3

Shop for maintenance equipment

Flows based on a shop which serves an agricultural commmity of
approximately 1,000 persons. Tneludes wash rack effluent only
for overall treatment and gravity system design. Shop wili be
open for 3 hours/dey,
A Tor septic tank and drainfield deaicon:
daily s 0.5 m3
hourly 0.l 3
B. TFor oversll treatment and gravity systom desipn:
daily : 5.1 m3
hourly @ 0.6 md
Hete: A1) above-mentioned sevage Tlows are only for specific
purposes and should only apply o the rural areas located
outside the metropolitan avea of Paramaribo.

W.2.3.7.%  Collection system: Minimum size of pipe used &°.

Iv,2 3.8 Sewage Characteristios:

Sewage characterigtics are significant in that they determine both

the “ype of treatment and the degree of treatment which miss be provided to

. 2et established discharge criteria, and also my alffeet the design of sewers

“ther sewerage facilities.
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In a comprehensive study of this type, daia obtained from ropresenta-
tive samples callected at various existing facilities arec analyzed to determine
vregent waste water characteristics. After the Present erharacter of the wastc
water will be establish.d, this informaticn will be tscd as a bosis for esti-
mating future desigr leadings. Some B.0.D. sampling has been injtiated by
Government, but this reflects only the receiving water in the Suriaam River.
Sampling and analyscs for evaluating per capita BOD, susvended soiids, and
grease loadings hopefully will be performed later in the project 1ife by vro-
dect atalf.

IV.2.3.9 Preliminery Design Loadings:

For purposes of this report loading factors were estimated on the
basis of' BOD and susgpended solids concentrations used in actuzl designz in
other countries. Tt is recognized that these estimated loadings maat be re-
viewed in the light of the future studies discussed in the previous paragranh
and on the basis of operational date; and, 1if neccssary, adijusted to guit
lacal conditions.

The waste water of the project ares will ve derived from predominant-
1y demestic sewnge and smaller industrial diseharges. Since industries of
various types could be loeated throughout the project area, it is hardly pos-
sible to estimate the cxact mognitude and nature of the indugstrial loadings.
However, it is ossumed that industrial locadings will be reguiated %o comply
with the provisions cortained in suitable future industrial waste ordinances .

The desipn Pactors adopted for various stages of development arc presented

belowr:
TABLE IV - 1
DESIGN FACTORS FOR WASTE CHARACTERISTICS
T Factor 1G87 Value" e
BOD, % day 209C, 1bs/eap/day 0.17
Stepended Solids, lhs/cap/day 0.20
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The above design concentrations ~f BOD and gugpended solids catimated
design for the year 1987 ware probably higher than exigting values to allow forp
the expected increases in living standard and incrcased industriel 1oads -on the
municipal systems. Tt is assumed that the concentration of BOD and suspended
golids in industrial wastes is equal to thet of domestic sewnge.

Iv.2.k DESTGN OF COLIECTICH SYSTEMS

St

The design criteria used in the general design of sewerage projects
are presented in the following sections.

TV.2.h.1 Sewers

Roughness Coefficients: The Manning formila has been used for the

golution of problems involving mpen~-channzl flow in sewers. The
following values of "n" (roughness eoefficient) have been adopted for
use with this formula, enrregponding to Cield obszervations of exist-

ing scwers and anticipated future conditionss:

IV.2. % 1.2  Desipn "n' values

0.01% for all proposed sewers over 18-inch dismeter
- Tlow at 1/2 depth

G.0L5 for all proposed sewers »f 1%-inch and smallcr diemeter
- flow at 1/2 depth

The Manning formula: V = LHAE 2/3 1/2
% 77 xR X 3

Roughness coefficients of above-mentioned values are being used
for both of wvitrified clay pipe and concrete pipe for cravity
systems.

V.2 L1 3 Analysis "n' values

0 015 for existing sewers in average condition
C.0L7 for existirs sewcrs in oy condition

V.2 5.1 %  Design Depth of Fluw: Sewers of 15-inch diameter and less nre

deslgned at 1/2 depth of flow. Scwers of 18-inch diameter and
lerger are designed at 3/4 devth of flow. This allows flexibility
in providing for additicnal flows because of future increases in

cpulationm.,
poputa TV~17
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Iv.2. b 15 Minimun Siopes and Velocities:

For smaller sewers, the following

minlmm invert glopes have been adopted.

Diameter of Scwer

Minirom TInvert Slope
{inches}

6 0. 0CH

5 0. 0032
in 000
12 0.001R
15 0.0012
18 0. 0008
21 0, 0004
2 L0005

Minimum slopes are such as to providge a velocity of 1.7 fp=

(feet per seecond) with the sewer flowing at design depths, except
that higher minimum velocities are adopted where necegaary to in-
nibit the formation of hydrogen sulfide. Where sulfide protiems are
significant, gocd practice would sugpmest average velocities not legs
than 3 fps and preferably as high ns b fos.

For sewers 15-inches and larger in dlamcter, peak velocities

should not execed 14 fps in order to avoid exeessive turbulence anad

subsequent pipe domage

IV.2.4.1.6  Manhole Location

Placing cf the manholes are based on maintenance procedures:

for sewers & +ao 21" 4np diameter the wmaxirmum distancc between
manholes is 400 £t (122 )

for sewers 24" 1o 3C7 din dismeter the maxcimur: distance hetween
mankhcles is 700 4. (21h m)

ior sewers over 30" in dismeter the maximum distance hetween mapne
holes is 900 £t (275 m)

n lavge sewera (157 and larger) manhioles are rlaced at the beginning
or end of ail curves.

Flevation Differcnee in Mahhole Tnverts

A The verticnl drop across manholes {rinimu drop of invert) Tor

small sewers {15 ang smailer) with straight-through flow, ia

adopted as 0.10 foot (3 en). For o side inlet, tie minimm drop

of invert is 0. 20 foot (6 cu). Fop straight-through 1oy
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acress manholes with different sizes of pipes with matched water

surfaces see ollowing table:

; Diamcter Drop in Fect

; of outlct {(Diameter of inlet in inches)

: _ € g 107 ; 12"

i . ; . feet lmeters | Teet fmcters | feot meters | feet meters é
e : _ : B e F
- ) ;0,008 1 (L) : i
% Tk coooaar| (Los) o8 | (o) s !
; Lo1ov 0250 (LoB) .37 | (Los) | o.en (0. 0.2 H{.005)
_ ot oe38)ta) .29} (L09) | o.2a|{0.06) | 0.1z o, oh

The maximum drop for stralght-through flow is 0.60 4, {0.18 m)
and for gide inlet 1.0 . (0.3C0 m).

B. Invert drop across mauholes fop 1argé sowers (18" and larger) with
straight-through flow {inlet size = outlet gize), minimum drop of
invert is adopted as 0.05 fnot (1.5 em).

For inlet size lcss than outlet size (expanding trangition} and a
decreasing veloeity, the drop of invert is caleulated by n loss

)2

of energy = 0.24 {Fl - V2
2

For inlet size greater than outlet size (contracting transition)

and an increase in wvvelceity, the drop of invert is caleulated

2
by the loss of energy = O-12 (Vl - Vo)
o

¥
-

For manhole structures with side iniets {confluenec structures }
the drop of inverts are caleulated using the principle of the

congervation of momentum (PTESSUIE + momentun ) .

H
B
o
=
]

Lift Stoations

Capacity of wet wells and pump stabicas are designed to handle

the average sewnge flow. Piping is designed for peak flows, pumps
and motors can be replaced and re-used o haadle future increased
Tlows. Wet weils are designed 4o nandle o flow of five minutes

timc between successive starts of o pzm (where possivle). kncugh

flexibility is available to accomodate futurc incressced Fleows

Iv-192




AT

e B S )

e

=1

I AT R ST B e

e TR T

TR

PRI

ek e e nm .

b
.

which decremze the lapse timo to 2 1f2, set as 2 nminimm between tre

starts of a pump. Wet wells are Prefabricated with & poured-in-place

oonerete slab,  Slah thickness ig considerable ginece the maslrmar
gravity sewer depth would bhe kept at approximately 5.5 m below the
existing ground. Ground vater level as stated eariier, is on the

aversge approximately 0.50 -~ 1,00 meters below tho existing ground

level, causing vplift, wihieh has to he carefully examined in station
desien.

Punp stations nrc locatcd abovepronng The top slab of the wet
well ig an integray rart of the pump statisn floop, Stations are of
the packoge type with interchangeable rumps and motora 4o satisTy
future inereases in sewage flows. Each pump station has a standhy
capacity equal to the reguired pump and power capacity to handle the
Tlow. Pumps are of the self-priming type driven by electric or
diesel engines depeniding on the aveilability of the cheapest anurce

ol powcr.

Each station operntes Tlly avtomatically on the sewame level in
the wet well,

Alerms are provided for high water, malfuncti-n of aRps and
power failures. Stationg arc connected with each other in certain
specitic arens by an alarm telemetering system which will be cen-
trally loeated.,

Purtp station digcharge force mnins urderground are either re-
inforeed cererote pipe with rubber joints op ashestos-cement pipe.
Above ground materisls for bridge crossings are made of cagt-iren
vipe. Velocities arec kept to o maximum of 10 ft/sec. and a minimunm
of 2.5 ft/ace.

Hydraulic ecalculations are based cn the Hezen-Willisms formala

Witk o friction cocfficient orf © = 120

Iv-20
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IV.2. b4

sewage Lagoons

Siring of the row sevane stabilization ponds iz arrived ot by
vsing & BODg of 0.17 lbfcapitajday, which develops an approximate
detention time requirement of iz days. The treatment is acccuplished
primerily wnder aerobic conditions, therefore the maximme depth of
the ponds 18 keph at 2.00 meters, with a frecboard of approximate-
1y 0.50 nmeter

The ponds are desigmed with a waxirwm tength of three times the

width and the bottoms should not vary wore than 10 er from & nloae
suriecce by keeping 2 maximua depth of 2,00 m, assursnce is

of relatively full sunlight penetration. Since high groundwrter

Problems exist, the liniting cut in the existing ground is kept at s
maximmt of 1,00 metor, Surrcunding dikes are built -n compacted 111
to a maximu height of 1.50 meters abave the existing pround and
covered with grass on the outside slopes to minimize erosion problems.

Side slopes inside the lagoons are approximately 10:1 (10 hori-
zontal and 1 vertical), thus increasing the water surface ares avail-
able for the natural disinfection Frocess,

Cutside glopes of the dikes are appraximately 251 (2 horizontnl
and 1 vertical). Each logoon has a tuwer-like offluent strueture
flow over the pond surface area. Over{low welrs meintoin a constant
sewnge level in the ponds and are comnected o an underground system
which draing to ite final dischargc point. To this system are aiso
eonnected the emergency lagoon outTlow structures which ara operatad
with hond~wheel contrelicd ¢liding gates.

The Tinal lagoon effluent is to be chlorine-treated before being

discharged in a drainase diteh or watercourscs.

Septic Tanks and Drainfields

In arcas of light population where the distance between the homes

an economic point of wiew,
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For design purposes, 2 number of & persons for ench house is usod

which 1s an average and accurate figure for thege rural arcas. Pro-

Ject staff have conducted several housc coumts in order to verify

this figure, Only toilet effluent is considered,

SEWERAGE
1 home - geptic tank dimensions:
(6 porsens) 1.00 m. inside diameler with a depth of 1,00 m.,

drainfield 3.70 m. x 2.00 ., depth 1.00 m.

Lk perforated rows of L pipe

G" pipe for the distribution strusture

8" effluent pipe - 4 diameter collecticrn syatom.

2 ond 3 homes - septic tank:
(12-1% 1.00 m. inside dlameter with o depth of 2.00 meters,
peranns ) drainfield max., .00 . x 2.00 »., depth 1.00 n.

4 rows of poerforated ¥° pipe
&' pipe for the distributi-m structure
(" effluent pipe - 4 collection systen

(A graph al septic tank volumebric reguirements is attached as
Appendix IV-3)

PESTGN FPERIODS

The following design period criteria are provided to allow Tor an

orderly expansion in capacitics of sewcrage systems.

Land Requirements: Similar to the pitvation for water supplies,

most land is under central geoverrnment contral. Therefore it should
be no provlem to acquire ample nereape in the Ffirst instance to meen
anticipated vltimate requirements (i.e., for a design period of L0
years or more). Inadequate initinl acremge can severely inhibit

expansion ot a later dote. Wherever possible, acqguire & wmargin of

land around sewage treatment plants to remain pernanentily undeveloped

ag a "buffer zone"” to prevent nearby development of residential pro-

perty,

Outfall Struckures such as Ocesn outfalls: A depizn period of

4D years or more

IV=22
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§ (2) MaJor Structures for Structures such ng Purping Stations: The

g design pericd should be L0 years op Forza.  The mechanical and elec-
i trical equipnent within pumping stations should he designed for

E periods of 15 years or less with Frovigions for Jater modifications
i -or additions,

g {a) Major Sewage TPreatment Plants Elements: Design period should be 15
E years or less, with provisionsg Tor parallel expansicas.

S‘.

é {e) Collection Systems: The design period for trunk sewers and zecond-

ary sewers should be 40 years or more.

s

{SECTIOF 3 - Waste Treatment and Disposal)

TV.3 1 THTRODUCTION

Sewage treatment results from community or government interest in

irpraving sanitation and public health. The extent to which waste treatment

1¢ needed or implementeg is, of course; closely related to the level of de-

[RPNPP—

velopmont {particularly gconomic) in the ares.

In Surinam, in the immediate future, except in the Paramaribs cenw
tral area, each type of community will sugzest different approaches to sewago
handling and treatment. Tt would appeer that much of the treatment will be
iwited $o individual or "cluster” septic tank dispogal in the rural populated

ar28s, smell collection systems with lagooming in those areas where the popu-

leticn concentration Justifies this type of treatment., and possibly a few

Secondary treatment facilities in the built-up areas. As brevicugly discussed,
the most tractical method oFf treatment of wastes From some of the Paramaribo
Peripheral areas would be in central plants, but this seems highly unlikely

with neg designg forthcoming,

One of the basic requirements in tre Planning of any sewerage system

1z thet of Froviding a safe, cf fective, and immocuoug disposal metnod Tor the
D ate . - . - - 5

Wosteg ¢ollected. Tt iz the Primary purpose of this section of the report to

C 8 %eipate ang to assess the various factors governing the disposal of the

I¥=-23



vigte effivents of the project area; to establish, ip reneral terms and in the

context of present knowledge, reasonable effiuent guality eriteria for the

varicus wagte discharges: and finally, to determine what degree of treatment

will be neceszary to meot these criteria.
Ine design of treatment facilities mugt be Buch as to meet the

ciiteria mentlioned previously. TFor this reason, the methnd of trestment se-

R T i § B AT, TR i i sl o R G L

licccd wust not only maintain the desircd qualit

¥ ol the roceiving waler, but

will alsc depend upon the character of the wagte to be treated and the land

crea availakle for treatment., 1In some countries, discharge requirements arc

developed when requests are made by progpective dischargers inio receiving

mwiers or, when an investigation of an existing waste discharge Tellowing

sreatmint shows the existing requirements to be inadequate,

The discharsze requirements vhich determine the level of treatment

gonerally 1imit the amount of B.0.D., grease, suspended matter and coliform

nrzonisms that may be contained in the waste Gigcharge as well ae 5 minimum

i {rount of digsclved OxXygen to be found in the dischargoe, In addition, depena-

; ing upon the degree of development in the country, the reguirements may in-

clude maximun arounts Top A.B.S., phenols, arsenic, color. pH or any other

meterial or waste characteristic that may have a harmful effect on the receiv-

ing water quality,

After the criteris or requirements have bheen detcrmined, the de-

a2l

glon on the wa.ste treatment nece

T2 the ares 18 severed,

sgary 1o meet these criteria must be made.

exdisting waste flows will be measured, sampled, and

Enilyzed fop B.0.D., pH, A.B.S., grease, suspended matter and any other

Guintity thet might influence the selection of the treatment process. If the

18 not sewered, obher steps are necessary: and the ingenuity and Tudge-

M=t of 4ne designer becomes extremely important.

Iv-24
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¥.3.2 FACTORS INFLUENCING WASTE DISCHARGE CRITERTA
- ____,u—,_.____‘_____‘_'__-—-‘-._‘.—_‘_--l

In developing appropriste discharze criteris the following wagice

fectors will be taoken into acoount:

{1) Beneficial uses made of the receiving waters are the contralling

factors in determining water-quality levels trat are to be main-

T NS TN I N ST AT, S e

tained.

——
e
e

For cvery beneficial usc, there are certain vater-quality require-

: ments which mast be met to asgure that the water witl be suitable

for that beneficial usge.
(3) Receiving waters, which may be canals, rivers or ogean, have

varying degrees of wagte agsimilative capacity, and the addition

of wasie materialgs may change the chemical, physical, ard biotogical

characteristics of the wator without necessartly creating significant
adverse effects.on the beneficial water uscs.

(4} The formiation of waste discherse roquirements should be so desipn-

ed ag to (a) secure that degrec of care in the planning and opera-

tion of works for the treatment and disposal of sewage and industrial
wastes as will adequately protect the public health and other bene-
ficial uses of waters, and (b) at the same time permit the legiti-~

mate planned usage of those waters for receiving suitably prepared

wastes a0 that an orderly growth and expansion of citieg and in-

dustries may be posgible.,

resently the lower Surinam River and, t5 a lesser extent, the lower
Cernewi fne River; serve ag the receiving bodies for the water-borne wagstes of
%he lower Surinam river basin, and it is anticipated thet in the future both
the SurTinam and the Commewi jnc Rivers will continue to zerve ag the primary

Rans for dispersion and agsimilation of the wastes.
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Although the Surinam River is not a gource of water for public use,
it is the major navigation facllity of the basin area: hence it iz vital to the
giowth and overall economy of this area. Also, since some use is mede of tri-
butary local canal water for potable witer needs by the public, it is essential
that waste discharge criteria be so formulsted that Protection of this vital
resource for all planned uses particularly navigation, and waste disposal is
guaranteed.

Tt should he noted that the discharge requirements to be developed
mst be based on a number of broad assumptions. It must be recognized that in
tie future there will be changes in not only the megritude and variety of new
substances which will be discharged but algo in the gualitative and quantita~
tve character of the receiving bodies. Because of thege factors, the status
of waste disposal within the lower Surinam River ares is in s state of flux,
and rust be reviewed, from time to time, in the light of changed conditions
and inereased knowledge of the many problems involwved.

As gtated cerlier in this report, some investigations are being con-
ducted by the Hydraulies Research Division, of the Ministry of Public Works,
particularly in connection with B.0.D., solids, chemical characteristics
&nd dissolved oxygen in the Surinam River and in some of the canals in the
tower Surinam River basin. A loeation map of sampling points and receiving
vater characterigtics are attached as Appendix IV-k and Appendix IV-5 respec-
tively.

No international project staff has been available as vet to assist
in this effort or to co-ordinate this activity within the scope of the project.

t.3.3 WASTE DISFOSAL CONSIDERATIONS FOR METROPOLITAN PARAMARIBO

Although consideration of sewerage for the central Parameribe area
?S not included in the project activity plan, this brief reference is included

for backgrouna purposes.
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The receiving waters into which the waste water effluents of Para-

maribo are discharged include the Surinam River or the canal systems flowing
to final discharge in the river.
. The primary factors which must be considered in the disposal of

wastes by dilution in surface waters are a3 follows:

T

{1) The quality level which must be maintained to protect the
various beneficial uses of the receiving waters, such as

possible drinking water supplies, industrial wnter supply,

and agricultural uses.

(2) The volume and strength of the wastes to be discharged.
{3} The capacity of the receiving waters to handie the wastes,
which in turn is based on the quality of the recelving water
available for diluting and absorbing the waste effiuents.
At present or during the Interim Design period, disposal of Paramaribo
ﬁastes will have little effect on the dilution capability of the Surinam River.

IV.3.3.1 Quantity of Wastes

A breakdown of the quantities of waste water effluents to be dige
charged in the Surinam River (inecluding its tributaries) is presented
in Table IV-2, based on the assumption that the entive population of
Paramoribo is to be sewered (both at Interim and for Ultimste condi-
tions). The table includes rough estimates of the populetion tri-
butary to the various disposal points as well as a ﬁery Feneral
breakdown of domestic and industrial wastes for the Interim and

Ultimate conditions.
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Interim:

Ultimate:

TARLE 1V-2

ESTIMATED QUANTITIES OF WASTE TO BE DISCHARGED INTC THE
SURINAME RIVER

{Suriname River)

Tribytary' Domestic Fiow Industrial Flow Total Flow
Population m3/dey 3 /day m3 /day
400, 000 2,000 CXL 000 3,000
700, GO0 4,000 2, 000 6,000

Notes: {a) Interim flows are based on the 1987 estimated population figures

and water use.

(b) Ultimate flows arc based on 2001 conditions.

Iv.3.3.2

Wagte Characteristics

The waste waters of the Paramaribo area will be derived from two

bagic sources, domestic sewage and industrial wastes.

IV.3.3.2,1 Domestic Sewage;

In 8ddition to the discussion of the characteristics of domestic
sewage presented in the seetion of this report entitled "Bases for
Design" are the following remarks.

Begides adding organic waste materials, domestic use of water will
add dissolved mineral salts, It is estimated that domestic woter nse
will increase the ﬁotal dissolved solids {TDS) content by about 250
to 300 mg/i. This represents an insignificant contribution to the
Suriname River solids content. Table IV-3 presents o general 1ist
obtained from W, H.Q. sources of the additions to variocus major
chemical constituents Found in water through domestic use. Domestice

wastes, of course, may slsc contain biological pathogens including

bacteria and viruses.
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TABLE IV-3

CONSTITUENT ADDITIONS AFTER DOMESTIC WATER USE

Constituent Added Amounts {mz/1)
Total disgolved solids 250 to 300
Boron 0.1 to 0.4
Sodium o to 70
Potassium T te 15
Magnesium {as CaC03)} 15 +o ho
Calcium (as Caco3) 15 to ho
Total Nitrogen 20 to Lo
Sulfate . 15 to 30
Phogphate 20 to LQ
Chloride 20 to 50
Alkalinity (as CaCcO}) 100 to 150

Iv.3.3.2.2

Industrial Wastes-

Industrial waste matters of varying kinds are contained in the
spent process waters of manufacturing establishments and are Do~
duced in washing, flushing, extracting, and impregnating operations,

Like domestic sewage, industrial wastes contain suspended, cocllnidal

4

ond dissolved solids of mineral and organic origin, Pathogenic or-
ganisms are rarely found in industria) wastc waters.

The strength of industrisi waste waters varies widely from in-
dustry to industry and with changing manulfacturing procedures within
the same industry. Henee, it is not feasible to attempt to assign
definite veiues to the characteristics of industrial wastes +o be
rroduced in Paramaribo, wntil a comprehensive review of all major

industrial) wastes ig performed .,
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Effective control of the discharges of industrial wastes into the
sewerage systenm is best accomplishes by regulstions through which
exighing and proposed dlscharges may be reviewed in order to evalumte
their effects, and by whieh reasonable preo-tyestment can be required
if needed. 3uch industrial wastc regulations should be based on the
rhilosophy that the sewerage systems should afford maximum service
for industry, and hence should receive and handle such woashes or.
treated wastes to the extent posgible without impsirment of the
sewerage system's capacities for receiving and handling domestie
wagtes. On this basis = sample of typical repulations submitied by
the W.H.0. shortterm consultant for industrial wastes will be Eup-

plied to Covernment when his report 1s released for distribution.

V.34 WASTEWATER RECTAMATION

At the writing of the report, no consideraticn had been given to
studying wastewater reclamation. Tn aome countries in which chrenic shortages
of water for commmnity supplieg or for agricultural Purposes are experienced,
the practice of wastewater reclamation is pursued in order to meet these de-
mands, However, this frequently inplies the need for additional investment in
treatment elements, an approach which would be d@ifficult to implement in
Surinam where the necds for agriculture are not on the some seale as the dis-
charge which would be available from treatment plants. Depending upon public
contact with the irrizated area, or with the produce grown in the irrigated
ares, more or less rigorous disinfection eriteria would need to be appiied.

Some standards proposed by the California Department of Health (USA)

are:
For irrigation of parks, playgrounds, eta. 5/100m
For irrigation of golf courses 23/100 ml
For vegetoble and raw foods 0/100 =1
For certain other crops Partial disinfection
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Further, if it is desired to re-uge effluent for drinking water.

public health standards and aesthetics woulq practically demand tertiary treat-

ment, The tertiary treatment chosen would have to be justified by an economic

gmalysis. In ofher words, the reclaimed or tertiary treated effluent would

have to cost less than the cozt of hauling fresh water or treating raw water,

This, in turn, would require o comparative investigation of the costs of de-

salination of water of extrenely high chloride content.

It is not planned at this time to proceed with the above investiga-

tions because of the unaveilability of project stalf for this pursuit.
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PART IV - SEVIRAGE

SECTTON I - KWATTA - LEIDINGEN SEWERAGE 3YSTEM
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Gencral

At this point in the UEDP(SF} project, only the
KwattanLeidingen SEWorape syatem has been given extan-
sive consideration. Thig is beoause of the shortage of
staff (particularly the absence of an intornatienanl staff
waste water engineer) in the rroject,

A drawing of ths broposed piped sewcrage system for
the Kwatta-Leidingen Arca ig included as Appendix IV-6.

The Kwatta-Leidingen 8ystom has becn investigated
on the beosig of two alternate methods of collaction and
dispesal: (1) a piped system of collection with trost-
ment and disposal through lapooning and {2) a ecluster-
type septic tank system with small drainage areas.

Any sewerage c¢ollection system in tho Kwatta-
Leidinpen arsa ag wall as in most of the ¢oastal region
of Surinem will be sXpensive to build and maintain,
regardless of the method used. Two factors create this
condition: {1) the extrsmely hich ground water table
and (b) the method of road congtruection in which native
material is scrapsd from both sides of the road centepr-
line to build tho r£ill Tor ths road-bed, but also
creating wide irrigation and drainage channols along
sach gide of the right-of-way, House servicos must Cross
thege channels, sither on supports or by use of siphons,
or parallel lines must be conatructed., Ancother effect of
this method of roand/dike construction is to develop =
height of crown in the road which is consglderably above

the first flgor elevation of houses ad joining the
Iv-32
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roadway, thereby impelling the necd for deep exeavation

in the roadway for secwer lines,

iv.h.z2, LOCATION, BOUNDARIES AND DESCRIPTION OF AREA

The Ewetts-Leidingen Sewerage project is locatsd in
the same area deseribed in Fart III to be servod by the
kwatta-Leidingen wetor SUpply system.

Characteristic of the rural areag contipuous to
Paramaribo, the typical density of housing is shown on
the drawing attached as Appendix IV - 7,

The boundarics of tho 48Werage zonc encompass a
somowhat larger service area than was included in the

water supply project, and this Was based on the assump-

tion that piped water would be available in the south-

easterly section through another system of supply.

IV.h.3, POPULATION SERVED

The design populstion for the s8ewer service aren
vas based on the similap daesign population for the
woter supply system and this, in turn, wasg projeeted
from an actuzl Present day houss count. For cgtimating
and design purposes the total population wag zrojected

to 1987 and is estimated ot 25,000,

IV 4., DESIGH ARALYSES

IVl .1, Pived Collection System

Ag statod earliar, tho averape flow was estimated
&t 80 litercper capita Per day end this includes
domestic, commercianl and industrial contributions.

A peslting factor of 2.0 ig utilized for the collection

system degign. . Iv-33
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This would develop an average daily flow of 2 millien
and a peak flow of I} miliion 1pd, Infiltration, bssed
on an approximate value of 2000 gallons per day per
diameter per mile of pipe and averaged over the total
collection system represents approximately 10% of the
peak flow. Design criteria for sewerage design were

discussed in an carlier section.

Collection system design was based on establishing
initial depths of invert at 1.0 meter and installing

pumping stations when a 6.5 meter depth was reached,.

¥Following are the pipe sizes and lengths ineluded
in the collection gystem. Pipe used would be vitrified

clay or asbestos-coment.

& - in diamster 2€1.200 m
B - in " 39.100
10 - in " 6.200
12 - in " 3.000
15 -~ in " 2,500

Because of the flat terrain, a totsl of 19 pumping
stations will be reguired. It is proposed to use
package-type 1lift stations complete with two self-
pfiming, horizontal centrifugsl pumps; valvesiinternal
Piping; motor control centsr; and liquid lsvel econtrol
system. The pumps will be required to handle solids up

to li-inches in diameter.

The pumping stations will be above ground with wet

wells Installed s shown on the drawing, Appvendix IV-é,
Va3
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g_ A1lso shown on the ahove drawing are the locotion

; and details of the sewage legoon system for the
Sewerage projects. Immediate needs would compel the

initial construction of two lagoons of approximately

100 z 300 m sigze,

R M

in order to provide 90-day retention
i of the sewage. At an intermedinte phasc, during 1578,
a third lagoon could be nesded and a fourth would be

built by 1%87. Discharge, after chlorination, would be

into canals,

IV.h.h.2 Cluster Septic Tenk Svystem

The design of the septic tank system was based on
serving sither one, two, three, four or five houses in
& cluster. The limits are beached when the limit of
gravity fiow iz reached, and the gituation in ths
Kwatta-Leidingen ares is such that the maximum number

of houses which coan agegrceivakis be served iz five,

becauge of the flat terrain.

Agein, a flow of 80 1/c/4 was used. Detention time
in the septic tank was assumed to be 12 hours. Bgeause
of the high wator tablc and the waterlogged condition
of the existing soil, it is ﬁropased to includs an
Open sand filter with cach septic tank. Degign of the
filters is based on n ioading rate of 100,000 gallons
per acrc day. After filtration the effluent will be

discharged into cangls.




PART V_ - TIROGRAK CULTS AND TMPLENERTATION

V.l -~ General

As menticned in the Flan of Cperation, the government
had allocated an amount of o5 & 8,000,000 for the construct-
ion of water supplies and Severage gystems in the country
during thc period from 1971 %o 1981, During 1972, as prepa-
ration of the Comprechensive Plans for water supplies and
sewerage is in final progress a naster construction plan
will be prepared in accordance with an estimate of the re-

lative urgency of need for the proposed systems, taking
into account the earlier preliminary Plaoning which has
been executed in the UNDP(SF) project consistent with
government's definition of immediate Priorities.

In accordance with government's deciegion-to budget
the above capital expenditure during the years 1971 to 19581
and, keeping in view government's allocation of US & 4.5
million of this smount toward the construction of water
supplies and U3 § 3.5 millien toward the building of sewe-
rage systems, and assuming that this type of expenditure
would at least conbtinue and probably ircrease over a period
of time, the following phases of development are tentative—
1y proposed:

Fhage Period Construction Prograp

Water Supplies Sewerage
Initial 1971-1981 sf.8.4 million ©.5 million
Medial 1981-1991 10.0 million 8.0 miliion
Terminal 1991-2001 12.0 million 10.0 million

Initial Fhage:

This phase contains works for which detailed construct-
ion plans have already been prepared or are to be prepared
4% 3 part of the UNDP(SF) project or will be in advanced
bPlanning stage as a result of the project.

Medial Phage:

Sygtems within this phasce are scheduled to be fully
cperational by the year 1991, In order to realize this lew
vel of project caturity, some of the medial projects will




necd at least preliminsry engineering studies during the
UNDP{SF) project.

Terminal Fhase:

This phase includes works scheduled to reach maturity
by 2001.

FPhase Definitiong:

As stated €ariler, the above Phase definitions can
only be termed as "Proposed" at thisg level of nvestigations,
A number of intangibles may have a decided-effect upon this
Phasing. Most luportant is the availability of financisal
assistance which, at bresent, stems generally from Dutch
and Burcpean Economic Community sources. A change in the
sOvernmental structure in Surinam could change the sources
of external financing, thereby causing unt-2mediated
ilncreases or decreaseg, The ecffect of the Faramaribo water
Supply and SeWerage cystems on the Phasing would also be
substantial were it decided by government to create an
autonomous agency for water supplies and Sewerage in which
the Paramaribo Systems would dwarf other systems in sgize
and complexity,

The capability with which the existing organizations
could handle the proposed design and corstruction programs
would need to be examined carefully. It would appear that
the present separation of design and construction facili~
ties (in these agencics) htends to duplicate efforts and
this type of fragmentation would not promote concerted
efforts in construction plarning and augnmentation.

It would also follow that systems constructed during
the Initial Phase would become integrated into the Mcdial
Fhase, and these, in turn, woulgd beecome part of the Termi-
nzi Phase. Siwilarly, Tnitial Phase élements may have bhe-
come obsolete by the Terminal Phasce. The term "Termingl
Phase" should not be construed as Tepresenting finality,
of course. The sequence of Tnitial, Kedial and Terminal
Phases refer respecetively to those immediastely necessary,
those that can be predicted with reascnable confiderce snd
those that can be consicered in the frame of reference of

V=2
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future community development.

AT TR

At this writing, only some of the Initial Phase Projects
T can be projected with aLy degree of certainiy and these
Projections must slso be qralified by the need for further

i corordinated study.Initial Phage projects are listed in the
following sections in terms of construction cost and se-
quence of implementation.

V.5--PROPOSED CCONSTRUCTION :
INITIAL PHLSE FROJECTS
Undoubtedly this will be the most difficult phase of
the entire construction program, in that it requires a de-

3 sign and construction effort on an unprecedented scale in
g Surinam, and by its very nature it implies the several necess-
Ary changes in established administrative, tecehnical, and

: construction practices and techniques i the tar-=is are to
3 be met. Bmphasis and priorities have bgen established in
i accordance with definition of greatest need, according to
%j government, and also in accordance with consistent engince-

ring judgement which will enable maximum benefits te be ob-
tained from the following estimated capital exXpenditures~

V.5, JNATER SUPPLY SYSTERS:

: Estinated . . ITmplementation

System Congtructiod cost years
Kwatta-Leidingen sf. 1,200,000 1971-73
Pad varn Wanica Gest 1,300,000 1973-75
Groot and Klein Henar 120,000 19735
Ewakoegron 45,000 1973
Domburg and Smelkalden 193,000 1974
Calcutta and Tijgerkreek 177,000 1975
Corantyne Polder 155,000 1976
Paradise 153,000 1977
Van Drimmelen 125,000 1997
Commewi jne*+* 5,300,000 1978-198]

Total sf. 7,268,000
depends upon sources, could approach s1.5,000,000.

Detailed estimated costs arc svailable ip the UKDT{SEF)
Broject for several of thesge systems but are not incinded
here because of space limitabion.
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It will be noteg that the "middle years" in the above
implementation are Somewhat less active than the earlier
or later period., Thig ipproach is suggested in view of the
possible formation or 81 autonomous water and sewage agency
in Surinam. If thig OCCurs, it wiil probably generate aug-
mentation projects in the present Juriram Water Company

Service zones which wilil 8ls0 require study snd implementa-
tion.

V.5.2.3E4ERAGE SYSTENS
At this stage of the UNDF(8F) project, only the Kwatta-
Leidingen scWerage project has been studics to any degreg,
It is estimated that the construction cost of the systenm
will approximate sf. 1,500,000 for the cluster septic tank
alternate and will probably be at least twice that amount
for the piped system,

V.6 - DESIGN SCHEDULE :
While several of the designa and construction documents
required for the above systoems will be completed during the
life of the UNDF(SF) project, for proper co-ordinatisn of

8 construction pregram of this magnitude, some improvements
should be made in the current engineering procedures in
Surinam. These will be discussed further in Part VI,

AS a result of shortage of project staff in both na-
tional and international categories, all necessary data
were not available at the time of breparation of this pre-
port for projection of design scheduling through the Medial
and Terminal Phases. Consequently schedule development and
adjustment will be needed during thermsminder of the project
in accordance with the technical needs as well as the budge-~
tary requirements of the Surinam government. It might also
be government's Purpose to later expaud the schedules £o
Produce an order or priorities in conslderably creater de-
tail that can be shown at this tinme.

Vs




PLRT VI -~ MID-PROJECT EVALUATION AND RECOMMENDATICHS

(Section 1 ~ Technical Recommendations)

VI.l.l., GENERAL

% this stage of development in the UHDP {5F) preject
the techniczl recommendatiorns which can “e made wust, of necessity,
be of & broad, generzl nature Bocause the investigations of sone
éopects of the project have just begun, and some have not
commenced &S yet. Definite, conclusiveo recommendations will form
pert of the compreshencive plan reports which will be publicshed
&t the conclucion of the Breject,

VI.1l.2. GROUNDWATER AVAILABILITY AND WITHDR/AWAL RECOMMENDATIONS

The most important acuifers are contained in the Cocse-
wijne series of Mic~Pliccenc 2ge in vhich four zquifer zones cog
e recognized, The upper two aquifer zgones €1 and € IT arc the
only ones that crop out and reccive recharge, Thic is in the
savannah Delt along the southern flapk of the bagin., The
zauifers are full of water and it sppears that much of the
récharge iz locally dischersed to cffluent stresms and EVaDRO -~
trangpires. The water in Zones C I ond C II ic fresh south
of the bhauxite belt tut brackish in the ccastzl arca except in
castern Commewijne where it is fresh in the coastal areca, Acnifep
Zone C IIT i9 an important acuifer zone loecally in the coastol
area. aquifer Zone € ITT is an important acuifer sone locally
in the coastal arez, but it is not present everywhere, It
probably rceeives sone recharge as a flow from Zone € II in
the north but this nuct be cmall because of the low gradient,
Aquifer Zone C IV exists only north of the bauyite belts and
apparently does not receive charge. Water ic fresh to the south

but chlorides inc rase te the north,

The main centrec of populetion zrea in the coastal area
vherc the acuifers that proceive recharsge contain brackisnk
Water with the opestion of eouifers in Zone € IIXI which nay

Peceive recharge locally and indircetly. This latter Zone ond
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and Zone C IV conttain the only zauifers of importance in the
coastal zrea; howaver withdravals fron theiz should be con-
gidered as drawving on Storage reserves only, eventually
resulting in an invasion of the fresh weter zones Ly oreaclish
weters Withdrowalg of fresh yatep ney continue for o

tinc but ultimately it will Le Becessary to obtein ground-

vater from Zomes C I zna C IT south of the auxite helt.

Paramaribo pumped water in the anount of 3.4 nillion
i~ froo Republick apd 5.9 million oo frem Zorg~on=Hoop in 1970.
In 1900 thea ratio may Le 1:7 reepectively with Zwst additional
supplies from the now Leysweg well ficlda, Because the withe
drawals in the comctel ares nay come only fronm storage, it is
crpected that waterp high in chlorides will advanec inlang and
thet by 1990 the chlorides in the puaped water will have
increzsed to 280 ppa which would e diluted to about 250 ppnm
by the water from Republiek, This does net zccount for possitle
vithdrawvals frowm zone C IV for the propogsed Ped wvaza Wanica
water supply system. It seens that long range plans for Para-
aaribo and Pad wanp Wanicz should be integrated with 2 common

fource of supply in mind south of the baurite Belt,

The best source of water supply for the Kuattow
Leidingen systen is from agquifer Zone C IIT. One supply well has
been conséructed alrecady, It is estinated that interference will
“tend to a distonce of about 14 ko, by 1987 and thet brackich
water will enter the Zone iron Zone C IT in the west and eact}
however, it is cxpected that the brackish water will aot reach
the sunply wells until well into the next century, unless
additiona1, large and bresently unforeseen vithdrawals take
nlaceo,

Groundwater in tho populated area of northwest
Connewijnce is brackish, Fresh vater hzs been digcovered about
30 kn east of the arecs to Lo supplied and exploration ie
'currently underway to deternine how fap the fresh water
eixtends to the west,
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VI.1.2.2. Hydrogeclogical Recommendations

T iy T e el B bk vl e Sl -

Legislation sheyig be introduced to control the

tzaking of water more effectively. At the present time it in

requir‘ed‘. Onlj" 0 Obtain pﬁﬁrﬁliSSigﬂ to df‘ill = 1_,;'(:11' Th_iS

should be continued but ocxnanded to specify the amount of

water taking., The issuing of pernits should be besed on the

naxitmn beneficial usc of the watcr in z Fiven acuifer rnd
on long range planning, Duc regard cheuld Le ~iven to snzll

=i £

communities in fringc areas where source of sunsly might ke
‘epleted or contaminated Yy withdrauais ¢lsevhere in the
quifer, Ideally a1l periits should be appraiced 5y 2 hydro-

ol
geologist,

a

The City of Parewaribo znd the District of Surinan
should integrate loeng rznge plans for vzter supplics, These
plans should allow for a Cormon source ares to the south,

probably in the vicinity of Rijsdijkwes,

VI.1,3., WATER SUPPLY

Generally the technieal recomicndations for water supply

are in reference to nethods and prioritieg.

Prescnt nethods of supplying and distributing comumnity
water are commendable ag fap ag relisbility, aquantity and
petability are contcerned, Surinan commnitly water cupplies
are safc, but limited in cxtent,

The use of Fordilla valves 2nd motered services with
the concurrent dimunition of public standpipe service reflocts
2 Progressive attitude in the part of government, and this
should ke encocurased ,

The present approzeh to inplonentation of watcr surply
Syatoens through two governmental agencies (in which there is
considerakle duplication of effort in explorastion, enginecringe
and menzgenent) plus nucerous other roverntental, private
&ad even military agencies must yield, however, to z unificat-
ion of approach 23 well as contrel. The nansgencnt aspects
of this cituation nre discussed later, !
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Duplication op engincering cfforts such ag investisat-
ions, Adrilling, design =pd construction lead not only to
inereased costs but o 2etual interference of programs if

allowed 4o PTOEress to that noint,

Az Ffor ag the eong
result of this UNDp {3F)

iruction progran enviszaged as a
Projoct is concerncd, unloss positive
Hedsures are tzken to Concolideate engineering srocedures,
completion of propoged Projects will undoubtedly £211 behind
in sonie zreas with the pesult thet acw arojects will be idle
or underemployed Secauso one °r nore elements of the whole
affort is lacking,

The constant need for adequatc training and for worth-
while research cen be et eofficiently only vhen an organize
aticn has the gize ind facility to Suppert such prograns,
While sonme of this hag been done in the cxisting water supply
2gencies as well as through the UWDp {(5F) arojecet fellowships,
"on~the-job" treining, and tost Profgrams, the need remains fop
accelerated Prograns to be developed in those arecas throurh
concerted effortss following analgamation of the water supply
acencics,

4 coubined effort will sleo be needed as fap =28 jo.
plementation of rhysical systens ig concerncd. The practice
of providing woterp supplies in only the more aensely populated
areag, while the saaller rarzl zrens arc not similarly provided,
stifleg developnent and elcourages greztor influx of population
into already crowdod aress,

filsc, 25 discussed in the hydrogeological gections of
this repore, 2 continuing un-coordinated approach to pround

water exploitstion ney lead to sericus consequences,

VI.l.4. SEWERAGE

While only prelicinary degigns have hesn inveg—
tigated 2t thia ftape of projeet life, it appears that the
Construction of piped scwapen collection systens ond centesl
fecilities E
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Will be linited o 2 minimun manber of arcas cutcide tho
present  areaz of Populztion concentration, Moot development
is of the Tribbont type, ons

L4

thic mokes Fop loag maing with

fouw connections, an Greeedingly cipencive procedure, However,

b . T4 IS 1 = = ] o
Nicuw Hickerio TOr exzmnle, jin she Grous IT apcas should
Brovide 2n opportunity to incorporate a E£rid oyoten of Sewvers,

end this will ke Eiven c¢loge considarst

It would cppear thea, that 205¢ of the donentic ggwage
vould be handiled through Beptic tank instellotions, Thio will
reguire detajiled investigations, including Sstudics covering
evipotransairation O transvap 2ystang,

In addition, 3if poosible, a pProgran establiching
8ppropriate nethods of latrine decign ang construction will
Le developed,

For the Peripheral arcs Surrounding Paramaribo, the
inclusion of +this arca ianto a Netropolitan sewep servioe
would Le the meat praceical sclution to fewage disnosal
probloms, Thig, however, cannot ho concidered feasiblc
2ecause the extent of the Studies Ly the consulting engincors
Firn vhich war eagaged for solution of Peranapribe fg probleng
15 2¢ill aot known, The UNDP (5F) projeet cannot add the
Poranaribe sycsten investization to the present project work
oad since gtaff is not availakie For this effort,

It would the conceivable to consider this zopoect of
Parenaribo BUWerasc 28 an exteonsion te the UNDP (SF) projeet

should Governoent decide that furthor study in necessary,

VI.l,d. VANACEMEHT AND ORGANIZATION

Studics which have Lcen nnde vhus far indicote that
the developnent of 2N auntonosous agency, in the form of o
corporate entity naned : surinam Weter ond Sewersyq
Corporation. op sinilap designation, wouls best serve tho
Purpoce of:ﬂévelopment and oporation of woter andg gewerare
Systens on a national masig in ordor to bring shout o
;ermanent, Long—range Solution to woter and sewerage problens

52 the comtwnitics of Surinasm, . -
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(Section 2 - Project Administration Recommendations)

VI. 2. 1 » GEEIERAL

While overall progross in the project has penerally

been satisfoctory it eppears that, beczuso of staff shortages

in both intornational aznd national gstafe categerics, the
overall objectives of the Project will not be met to the

degree criginally delincaoted in the Project Activity Plean.

Requests for the above staff have been submitted and
discussed frequently with the Exceuting fgency and with the
gevernnent, respectively, While no definite results have
materizlized =zt this writing, it is hoped that the situaticon
will improve prior to the end of the projcet,

4s far as international staff assignitent to the
project is concerned, at the beginning of March, 1971, =
total of 66 "oxpert" mcn-months was to have been provided
in the project, In actual, fact, a total of 48 man-oonihe
wag provided (the total of 66 non-sonths is tased »n the
conforned FPlan of Operations and not on the prceposed reviced |
Plen of Opcrztions). Thus there is a total shortage of 18
nan-nonths of iaternational staff £t thce mid-point in the
project life,

VI.2,2. HYDROGEOLOGICAL IHNVESTIGATIONS

Except for z very brief period in the beginning of
the sroject, this element of the project has not had the
geclopical counterpart staff originally proncscd in the
Recuest, P.A.M, report znd Plza of Operation. With but ons
technical superviscr and the pert-time servicos of one
enginesr, tho training of professional counterpart ataff
will not take place. In addition, the two fellowshins
allocated to the Participating Acency for profcessional
training purposes will anot bLe filled because of the lack
of qualified candidates, This, of course, limits the
developnont of a continuing groundwater explorztion progran
subseguent to the end of the UNDP {SF)} projcct.
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Provision of Ccounterpartpart staff in this category by

covernment would, therefore, serve a valuzble purpose.

It womld appear that, within the allctted project
timing, the Eroundwater exploration progran will adecustely
cover the hydrogeological aspecte in the project, providing
a2 fzirily “omprehensive picture of the groundwater conditions
which cobtain in the project spes

Ll ]

VI.2,3, VATER SUPPLY

& review of the Project Activity Planm chows that,
in some respects the targote have not Leen met. For example,
investigation 5f the Sources and reguirenents to supply
Group IT systems have °only reccived very prelininary attention,
but should, in fact, be necarving the preliminary desien stage,
The feacibility studies for =3l supply Groun I systens wore
te ke complete Sy thie date, but caly one feasibility study
was complete - with the other two only in process.

Because the two Szaitery engineers in the projoct had
to conecentrate on sewerage as well as waterp supply investipgate
ion fop Group IT and IIT codmmnities, construction and
investment, and the nensgement Studies, the shova ESpects are
behind achedulc, This is discussed fuprthor in the following
paragranhs,

Government comntoerpart staff hzs been provided in depth
in this category, but replscement staff pust be asgirmed
during forthcoming fellowshing,

No internationsl staff candidate for the nydrology
consultantship has becn nominzted at this writing. The 87TC
for biological filtration sugeested >y the field steff hes

net acecepted the consultantchins forp adminietrative reasons,

It hod Geen anticipsted that a wagto water engincep
would e assigned to the project by thin writing, but this

has not transpired,
P VI8
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As the Project hetivicy
water enginecr is prgyy

@hgﬁwaste
i& be-

ded, the™y
dividing s

reguired to continuc
designs for group I

ag of 1 May, 1971).

writing,

BYStens wepre gi

Ho candidate has §

VI.2.5. CONSTRUCTION AND INVESTMENT PROGRA

L5 wentioned ezrlier the feasibility aty
not been completed according to schedule, whilé
penzlized covernment in its geeking finaneial fpagh
the feasibility studice assist governnment in itz &
deliberations and should, therefore,
to schedule,

e available acﬁﬁ

Tt will be poseible to finslize tho feasibility st
if all the additionsl internztional stoff shown in the Plén~

Operation is provided even a2t this late date.

VI.2.6. MANAGEMENT AND ORGANIZATION STUDIES

The catepory of the nancgenent and organization
studies is congiderably behind schedule, It had been planned
by the Project Manager to initiate the studies as early as
Fcbruary, 1970 on = continuwing basis involving st least 6
man-months of SIC effort, with further aggignnents totalling
an zdditionzl 6 toc 10 aonths, However, only 3 weeks of
consultantship hos been provided, placing 2 burden on
incunbent field staff,

P R W [ H

Should governnont require assistance to develop the-

lepisliative and adininistrative nleans to achieve zutcnooy
in the water supply and sewapre utilities the »nroject staff
would bo hard psut to provide such assistance, Managenent
proposals were preparecd in bpicf reports by the STC and the
project mznager but these arc not sufficient in the denth
and scope reouired to £it the coiplexities of o complete
shift to autonosy., The legislative recommiencdations, =zlso,

are only preliminary, while sccording to  the Project



MBI B

Activity Plan these should have been finalized by Harch, 1971
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Ho candidzateg for the lzkhan-

- have teon Romineted 2t thig writing,
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One three-nonthe Foll

cwship in groundwater technlqggé
hag heen inplemecntes

d Ly the Executing Agency. ﬂp?llcatlong'ﬁ
for two fuprthep ICllDUuhlpS Of Q.

wvaste waterp technicsl tra

aonthe ecch in water and

ining have beon subrdtted to
the Executing Arency fellowships unit,

Taoplenentation ct the fe
cipating Ageney will gepend
andidates,

1lowships through the Parti-
UDen the availsbility of suitable

e
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1

1.2

1.3

GUYAHA

. oltic 1 i :
Geographic location

The Cooperative Republic of Guyana is situsted on the Horthern
Coast of South Amcrica, bounded on the north and southeast by
the Atiantic Ocean, on the Fast by Surinam, on the South by
Brazil, and on the Hgst by Srazil and Uenezge!a witgin the
coordinataes 17 ang 9° Horth iatitude and 577 and 61 ‘lost
longitude {Figura 1}, Its area is 83,000 squ~r: miles,

Political Sub-divisions

Guyana is divided into the threc countics of, Jorbice, Demerara
and Fssequibo the boundaries of wvhich cenerally coincide those

- of the drainage basins of the main rivers by the same names.

Berbice, the oasternmost country,includes the drainage arcas of
the Berbice and Canje Rivers and the westorn tributary of
Corentyne Miver,

The county of Demerara includes the drainage areas of Mahaica,
Mahaicony and Abary rivers in additien to that of the Cemerara.
it contains Georgetown, the capital, nituated at the mouth of
the Demerara Liver, : o

-Essequibn, the: 1argest of the three countics, includes the
drainace areas of the Essequibo and' the othor enastal rivers to

its west, the Pomeroan, Waini and Barima.

" Thysical Featurcs

The country can hc divided into four recions {Figure 1)

a) The Coastai ain: Cemprising mriniy of twe units,
that 13, the Loastal Plrin proper and the thite Sand
Serins,
The Coastal Plain proper varies in width from 5 to 50
miles and stretches along the entire Atlantic foreshore.
The deposits of Domerara Clay are Pleistocene to
subroecent sediments.

gt
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L 1.3.6,

“of the Intoraediate Clays.

Alternating Sands and Clays

. Undertving the 'AY Sands is a Series of zlternating sands
_and clays, but since most of the boreholes do not (enetrate
this unit,; data coencerning its nature aré scarce. However,

recent horeholes tend te suggest that this layer varies in
thickness from about 200 to 400 feet in the Georgptown area

- to about 300 to 200 feet in the east=southeast of the Derbice

River,

B! $andss  Information from deep oil well borcholds and water
wells near Goorgetown indicate the existence of 4 lower aquifer
the 'B! Sands within the alternating sands and clays, The
depth, so far as is known, seems to be approximately 1300 feet
naar Georgetown, 1700 fect in iahaicony, and 2600 feet at

Rose Hall Canje {just East of the Derbice River)}, The thickness
of the aquifer averaces a minimum of 100 fest. The '3 Sands
is. mon-existent west of the Demerare River,

Opsement Complex: Underlying the '3' Sands iz a basement
complex which outcrops in an arculate fashion, that is, close

.to the Atlantic Shore in the North-West, DBartica on the

Essequibo Coast, Hackenzic on the Demerara River, dwakwani

on the Derhice River and just south of Orealla on the Corentyne
River (Fiqure V). From offshore il drillince and seismic
survey, - therg arc indications. that the hasement complex is
hasin shpped, the areatest thickness of sediments being
approximatefy 6000 feet near the mouth of the Jerbice River,

A reologic cross section of tho Coastal Basin is shownm in
Figure 2,

Hydrology of the Coastal Aguifers

The Coastal artecsian Dasin occupics a total surface area of

7500 aguare mites, and the sediments achieve a maximum thickness
of 6000 feet onshore incrzasing to about 16,000 faet at 2
distance of 90 miles of fshore. The sediments are known to
contain threc main aguiferz. The shallowest of these, the Upper
Sands, is not much uscd because of the hickh iron contant

{morc than 5 me/1) and salinity {(up to 1200 ac/1).



Batween 1862 and 1867 the first steam powered pumping station
and distribution system was completed. Mo treatment of the
water was dona at this stage. ‘ ’

This system of canals was later found to be ineffective during
periods of low rainfall since the canals dried up. In 1877,
William Russell started empoldering works on several creeks
southeast of Georaetown including the Lamaha Creck. The object
was to provide a st ¥ime reservoir to supply the needs of
jrrigation, navigation and the water needs of the City of

Georgetown . This reserveir has since been widensd and deepened
to form the East Demerara Water Conservancy, which now supplies
the Georgetown Yater Works with surfaco wator to meet the
demands of Ceorgetown.

Due to a serious drought in 1911 « 1512 which cause a water
shortage in Georgatown, an alternative source had to he

ascertained.,

In 1913; 2 well was dug which ted to the discovery of the

IAY Sands Aguifer at a depth of about 561 fect below ground
surface, Oy 1918, 28 wells wera sunk but becsuse of the
corrosive nature of the water the screens in the weils started
to block. This caused a suspension of drilling during the
period 1919 - 1625. After 1925 several wells were dug using
various materials but it was not until 1230 that an asbestos
cement pipe with cemented coramic slotted huttons was developed
and used successfully. At around this time also, a naw water
division was formed - Purc Water Supply Division. The main
responsibiiity of this division was to drill weils in the

. rural arcas. This divisicn later develoned into one of the
main water agency in Guyana responsibie for development,
operation and maintainance of over 134 wells along the coast
"of Guyaha.

While the wator supply situation in rural areas improved,

the Georgetown system continued to dovelop with the establib-
ment of a water ifresbrent facility {1348 - 1950), The final
stage of this Taciiity was completed during 1955/1556 with

a total capacity of 12 miliicn gailons per day.

Another water treatment plant in the hauxite township of

Mackenzie (Linden} was put into service in 1353 by the then
Demerara Bauxits Company {Demba).

6”‘..0.".'.“.
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To advise the iinister assigrned respongibility Tor the
Authority on matters refating to the collection,
production, transm15510n, treatment storage, supply and
distribution of water, and to the treatment and disposal
of -sewaqe; .

To paerform such othar functions, not inconsistent with
this Act, as may be assigned to them, from time to trime,
hy the flinister assigned rosponsibility for the Authority;

To carry on such other activiiie: as may appear to the
Authority, advantageous o sonduci g for or in connection
with the performance of their fusctions under this Act.

With the enactment of the Guyana Water Authority Act 1972,
GUYHA took contrel of responsibiiity of water services
and sewane services or either which were provided by

the Pure Water Supply Livision of the Hinistry of Work &
Hydraulics., The Pure YWater Supply Division started out
with responsibility of drilling wells in rural arcas

in 1930. This division csrved ati water supply systems

Ain villaqes classified as Local Authorities and unorcanised

arcas which fall outside the responsibility of the other
agencies, Development of watefr systems in the interior
districts was alsc handled by this Division.

The 5.1.LM,.F. 15 ohe of three funds established by
Jritish Law {Sugar Industry Special Fund Ordinance,
Chapter 248), The p-pose of this fund is to provide money

" to mect the cost of improvement of the Welfare of Sugar
‘Morkers. PFart of this fynd covers the establishment of

pure water supply system in Extra Huclear Housing Areas

. also estabiished under the S.I.LM.F. .. fund does

not aperate a regular maintainance organisation since the
maintainance works in the Extra Huclcar Housing Areas

are delegeted 1o, and, carried out by, the respective
sugar estate management.

The Ceorgetown Sewage and MWator COMm1ssioners and the
City Council of dow Amsterdam are responsible for the

© development, operation ant! maintainance of the water

suppty system in their respective townships,

S/.IIG‘GO.III..
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At the surface water plants at Georgetown; Linden. and Wi smar,
the raw water s treated as follows:-

......

i Haw Hater
|
{
L.
Alur, i
Sodium B Hixing | —Chamical
Aluninate i - Fead
' o ‘Post Chlgrination!
) l Flocculation e—rww~{ Filtrationf} Starage
! q & _“_h_,_**?ﬁl l__"_,_g .
| ;!L ettling : _ év
' Distribution
System
G thin 02 i In the Interior, the source of water is main!y‘st?eams, creacks

. nd rivers, except in the Rupununi Savannshs where shallow weils
— VM ifw&fib depths of 10 to B0 feet are dug to supply the smail scattered
ﬂﬂ ey communities. The main Hinterland areas served with surface water
ey W Domd are Habarume/Mosorora/larabina, Matthew's Ridge and Papaya in
the Morth West and Tumatumari in the Hazaruni/Pataro Region,
The water from these Hinterland streams are generally free of
- sediments, except during very heavy rainfall and the only treat.
ment afforded is chlorination. At lethem in the Rupununi, water
from & welts (average depth 55 ft.) supply some 57,000 G.P.D.,
and supplementary water is obtained from a River,:

in all of thesc Interior areas; the water {s pumped from the
source chiorinated, and stored in an overhead tank which
sunplies water to the consumers under gravity.

IG/..‘...I'II.I.-'
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Prigrity Are . . : .
y nres Includes the Lindon/f smar/Christenburg areas

upper Ddemerars Siver,

ol
—

i

Priori Are . s
r1nf3ty nrea Includes the coastal strip of villages from

Non Pariut at the easterly limits to Ithaca

on the east bank of the Derbice River teking
in villages z2long the Mahaica, Hahaicony and
fbary Rivars.

S ——-  Comprisss the iest Bank of the Demerara River,

the West Demerara area and the east bank of
the Essequibo River,

—— —

riority frea 1v  Comprises the arén sast of priority area 1

§'\
to Crabweood Creek and 1ncludeq Biack Dush
Polder,

Priority firea ¥ - Comprises the islands of Leguan and Wakenaam

and the villages on west bank of Essequibo
River and villages on the AtTantic Ccast of
the Essequibo D1str1ct.

Proiject Sackaground Feasibility Study Area VA"

The Consultant James H. Hontgomery Consu1t1ng Enginecers Inc,,
entered into an agreement with the Government of Guyana for
investigation of water supply conditions and study of the
FeasibiTity of the project; as outiincd.eaélier_in Hay 11, 19683,

On June 1%, 1368 the f?131b1F1ty repart completed and transmit-
ted to the Government of Guyana revzaled that a comprehensive
water supply iprovement project was cconomically based onh the
Consultant rocomacndations, the Government of Guyana obtained
financing of the U.8. Dollar component of the cost of the project

 ;?132gt§ e O?cca7°?ﬁn Oﬁqﬁ?Valent ﬁadb§‘?"225”803°YE§E”ﬁﬂo Suu?uyana

On Auaust ? i, 1903 the Government of Guyana entered into an

- agracment ith James Fa Pontgomery, Ceonsutting Engineers for

consulting engincering services, including dosicn of new
faciTitias, suservision of rehabilitation of axisting distribution

"systrﬂs, andt JUWEFVlslﬂn of construction of new Tacilities.

During the first soveateen months of the provect an extensive
rchabifitation programte of ex&stan@ pipclines was undertaken,

12/llltilll.§i..tl
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This First priority project was not veid of delay vrobiems. The
cost and duration of the projoct substoniially éxceceded projections,

which resulted from a colbination of interreloted causes principally.

{i} Chinnges in tho scope of worls;
(1) “ortdwide inflation;

{i11) Administ? wve delays in rovicw of contract
docuronts, execution of contracts and opohing of
letbors of credit and

{ivl Failure of eontractors aoploved to complete their
work on time for various unrciated reasons.

The Facilities provided under this project were designed to
meet wator demands through 1975.0 At the present, the demand xcocds
the suppiy and offorts are now in train to expand on the core
facilities nrovidod under the contract, The problem of some of
the distribution main ex¥sting prior to the start of the project
are still plagued by excess feakage, £Ffforts to upgrade thesc
are boing intensified hut availability of finance ristricts the
extent of this rehabilitation. Mith the installiatisn of water

meters in this project arca starting ia the next three to four
months, it is hoped that consumer wastaoo will he cut  thoeraby
reducing the present 100 galions per capital per day consumption

to about 8¢ callpns per caiptal per day.

Figures 4, 5 and & show the area covered by Project Pricrity A
and iocation of new facility.

Figure 7 and B show the treatrmont orovided for "AY Sapd and 1184
Sand Facilitics,

Prodcet Dackground Feasibility Priority Arco 14 and 2

Muz to delays in completing i'riority Area A, the Feasibility for
Priority arca 1A fell behind schedule, In order to previde for
Tapse in schodulo, priority arcas 1A and 2 have Leen comhined into
one Teasibility area.

1""}/.&9----.-003‘.
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Advantagos to e gained includes:

1. #deduced drawdown - and therfore JUNbvnq costs will
drop - bhecaustc water would be taken in reduced
qLaﬂf1t!c froe cach aquifer;

2. Reduced treatment costsz - Filtraticn nnt reguirerds

3. Iphanced Flexibitity of operations if utilizations
of acouifer is later dicated by lecal hydregeologic
and woter quality conditions

- Alternative 11 is similar to those nlants constructed in Pricrity
Area A with the exception that {a) Szandby wells with pump and
diesel drive will be provided and (b) ﬂ]LVated storage located
within production faciltity,”

The capitzl and cperating cost for Alternative 2 will be higher
than Atternative I, Alternstive 3 was subnitted since the
quality of water from the "A" Aquifer does no harm to health
once aderuste pressures is ma:nta1nbd in the system,

The project arca has also been divided to provide nine distinct
systems with a three-stage development costing approxima tely
Us§24,2 million for stare 1 and 2 and the 3rd stage US3 10 =iliion
to be developed during 1980 - 1900, :

4.4  Project Uackaround Priority fArea 1 =0
The Feasibility Tor this area covers the commnities of Linden -
Hismar, Christainburg on the Uppar Damcrara River, It was
“intiated by the Llocal Authority in collaboration with the Demerara
Aauxite fo. (DMTIBA) now the Guyana Bauxite Lo, (GUYDAU),

The Feﬂswfiiity was completed in March, 1969 and thoe scope was
examine aned Foport on the tochnical and eesicmic Ffeasibility

anel the vinbiltity of a now, integrated pure water system to renlace

the existing systems at Linden and fisinar.

The main recommendstions that a corpletely new water system be
desighed and constructed and that the present distribution system
be rchabilitated and new fines Taid in new development arcawithout
.cost to consumers, It was found that the existing systems are

-!6/1l..‘ﬂ°."ﬂ.‘|l
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U'.MIBG?n Study

Apart from its commitment under the Yoter Suppiy Improvement
Project, the Governmeni of Guyana im June 1971 recuested the
assistance Trom United HYation Development Programme for a

mission to study the needs for improvement of sanitation and

water supply. A mission was set up im July, 1571 and compieted
its assignment in August, 1771. On the recommendations submitted,
the Govermment of Guysna Furthor renquested assictance to carry out

(1)

(

{iit}

Caaae

i

amt e

1)

)
—

A Sector study in the Fiel:d of water supply and
sewdr e ob 3 marterial scnle

to conduct technical -economic feasibility studies

for the souerage and storn drainace systems of
Georgetown, Hew smsterdam and Linden and for extensions
and immrovements in the water supply of Greater
Georgetown, inciuding o leak detection study and
leakage survey;

Ts provide technical assistance in managorent,
adwinistration,operation and finance to the Huyana
Wator fuwthority;

To conduct a programme of training of local specialist

‘staff through the provisich of foliowships for
advancad training of profaossional personnel in

shecialized fieids, as wall as in-service and on the

job training to various profcssional and sub~professional
caztegories,

A11 activities listed above have heen completed by the
NG, Team amd the Project Fipding and Recommendations
submitted te the Government of Guysba.

The Teasibility stuhy for Improvement to the Goorgetown Mater
Supply System was carried cut by o sub-contractor to UaideD i
and works startad in Juty, 1772, The Study, which was to be
completed within 18 ponths, was completad in fecember, 1075

due mainly te initial doizys and changes necezsary during the

Frojact.

]
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During the next faw weeks, a course will be mounted for Vipe
Fitters and will he financed by U M. T.C.E.F.

lans are new heing made to meount a second Course in Public
dealth fngineering at the University of Guyana during 1937 -
1578 to orovide the fwihority with additional engincers. It

is hopud that Caribbean participation will be possible, GUYWA
also fntends sending its Engineers for postegraduate training

in Sanitary Enginearing, Yater Resources Managewment; Groundwater
Development and related arcas, )



2'91d

o5 —
i
LR ]- ) Focrh-
89 W SON Y 541D ¥ SGNWS  BNUTA¥IIV
I I . ), ~
b e NN \\ NN .
|-r| m T - T . UL LIS o . . . \__ ..‘-\ L |- ",
ERL L Lo ’
r
Qo road- =
SNGILIONOD #AJINDY AIVIHNSENS )
: m
- aoe—
ONELDIGI0 YNV ANDS YLSYOD Gui— - =
g
m
40 NOILDAS - 55042 219071039 : EFCINE N E I
: oo8- - \\\,\ \ Foce- @
: 1)
- x
-t —
ace - - ” . n
INGZ
aoz- - .__..:q. : . FE T
. e : : A
DHILYNE S LT, - - ]
T, N YHFHINIT N
52T ¥ IS T s TNt o1 2 o _a,' w g 13437 vas
i1 EN = 3 =
lev3 b oANLIMEYS | * EI’; R EICEET F z 3=
5; o ar : 2 i
g “ El L] N z
:.' 13 ° '
b4 - "'
ande - o8-
ov1-- ANDZ ANV S | oosi-
\ . . ‘ og2-
\ \ \ .,
\\ !
- \\ N oo -
i ' \
m o JNYE Y. . y " —
"‘ LA ‘ INIWIEVE - oo~
™
e
IEI
.-l - -~
I
-
" oot -
ihe
v
o - -1 ooe -
i Yilai
3 - - REEERTFT
O”WICIEG [ o

ERTTEOLY oY




pol W wfww

FoL A Ay 3 e

.&m\\\nw\m“w\ \n\\.k.‘\. w\%\%\n mwhm“.r\\w\\ﬂh.mﬁm\'w.‘U\ M‘v ﬁ”ﬂ“ y,ﬂ
\«m\k%\\q%\

7
L

- < -, A2 f Tt

., el .r..-..l..i.....f f.....[.-ti...nx}!!.f e
,::w“ N\ .ff.f.\\ 7 xm\N\w\% \h R N
ot _ P l\.......\ f?, A
} $
= ) Fim ooy ™ m Yoia
.J YT m_\ /7 or) W f/ .}c ) .m,ﬂ
/ %‘..1»“,\.‘%\ v u}w\ w M/ m__.w&ﬁ\ P \Eh\%n\ . :
/ :



|
tf

e

-

>

| mww.m. tﬁuﬂ\uﬁﬁqh. @ﬁ
W_ ,J //\u SHD LS UL S
R ! \ A L
) | Nl T NOILE IO
A __
B

.

G Ao
U Regprgis

Lz
m.n.mmﬁ.‘ A a\m%\@\

i
i
N
¥
. N
) N\ YED \/m, —
.m. RS F \hk‘ﬁ.\%. G4 A sy P2




neeat

e R i e
g B e 0

\k&b vz’“h’
A N

RIS
. pras d i bl

bt m‘ﬁ

33

Cenditt cados

e
At

EAES

H
L pd e ot e
S R

S o.omo'p.o'oqg
Soniian
B D,

z
by
i
{;-" o3 §ym 4 o
2bel i Ayt bttt
IO L 12
5 bkt fiEiE »@»&ivv&nvx»
yﬁ&@ycoﬁ&»ovngkag
i :§
rverinatetes ¢
oo»4»$»o»*4»§hé§ §*4qo»0»¢§hz* iﬁx z*
43 i
i

sy ens vyo»ovou
135 i oﬂy»»u»&&h»p»y»n»
&& xvxr* 4 &«°°?“° ETEr
e e ou"uo» ST »»p&v
s FEece vy e

;»»oggyv

[T Rt
gy x.cxe«os»ooagosq
sl ke de s

st vopgere g idabey

o

},osu,o,u<,po;»»o

e b LA e

:
e
G f»,$,,,°,,,,¢§$
e

oy
«¢x¢«“msxg$w

RN

3k > S =
SR
e oggéoo
i g H
e o I S géﬁzﬁéyaazgu * % o,,ugxﬁ,,zso,
éeug@««¢¢x§£« e ot %: ity x,aiu,» o Tps ik
i ; iy

SERR R

BT I

S
G b
§§$xé <é§ g e e «ﬁ« ]
e Bl i ¢§
£
i

>i

A z o G 2
o 2030 o, oo, PG
£ oo b 2

?»«y

g

*“;.,,g:;z—::xz
& £ad

\; u-pw..oo»

Tt

>\oop L
Pihs we i ahe

by
T,
LA

b
LR S
SR

it
Ezﬁxgﬁ%z’- “““xm;ié* %5 i

FRSCLRY
S

Hrghad o

S E e

g@g,zs
e
i

e

Gag
i

e
e

o b
SEAREA A )

i

T § L A R

e

éxxx e

§-y%"%x5 o c-w i i ;__t

.o.c.‘;'vc H

czfaaz«y
e

-

i v o by

rehi v

: §3 Hat ThELS 5

T hehad

Thiiy
e s w?#m oo § prged

rarighes

oibdes ;mos o

P e O 3
T e s
E B

oo,

(S yag e s e
:,g;..o»ma» phay s
L

Py

ﬁﬁ fsiteivonscidcataten

¥
septignt
ccaan,

SRR

STt g e 3
o eﬂp e L

p SR

% 9?°
i *§°§3°" ,,2»1,9§n¢=§

s i

SRHE
xocdgo«.{ dcoc .K 9‘ i !
ki

i

ST e

b npaa it

AL o ;
S e i
B
e Lo w
£ ong

Ly
o i
e I HRIE

2
3
s STt aeRe st et
g,«$$«««¢««¢ s *s

i
piasien, o

ok

4t g bl Egﬁ
i

gt
S

i,

Gimge e

S,

6%
= 4 ¥ I3y EE ]
«.§¢««¢§ e “)cﬁ%#w% ; T g’%ﬁé«ﬁxwﬁ%oﬁs W aid Ty o & oowo > > oy o 0y, 20k b
§¢§:« s 2 Jee i - :
55

i :

i famutn
zicéx SR ey
Hit ok SEE
Sﬁ”& ft"' A

o R

e
3 ﬂgwwveﬂ £

pEEwEE i) ;q:oc;xwac.m;..c
Lhipatetc ca oo

&f&a

ck£§s xigk

g w«w b E e

ot
po

B
St ﬁﬁﬁxx“zzggzégxﬁﬁﬁxtga¢xx i

t A

[2 I
pyrtetns sregis ,,o,OQE,o»»»,,q»,g»,,»»

2
i
£t

e Sl
,&X§§¢$§g$h SR

.&.&:&ﬁmwg».@ i

S fpn

o
By Iis

S sttt
S T B e
et 3&* iRt

e
i umogoma.z z fon 0 3

R R b i fh éu«&kgkb&%sg
¥

it

$xkx«¢aak [ §¢
B &*% $3 Sd oy 52
PEd e
i
T
" G

%
g 3ok xqu:ocgococ . R <o«.).¢.ocoo-¢ ocococxdcocdg:o-&oooooooo>>oooou
.

FEEC % S0
PRI
el

£ it
St

PRt >;o?§»$>> e
e

wgm

[EggosThoy S
B T, e
Lid . ?

i4

2§xz$x¢d§¢$§kd&¢§ ‘”“““’””““”””““
ST

ot Y T o A

3+
Sk I e T L
G s G R

b i e L

TR RIS p»»é»owx
i et
TSR EET A ybr atthgy St bptnayriiny

»»\oho

"Q: :'p.o»»:&.ocp.o.o t, :q.p» o .q'o».oo -w_o°° .o ‘, o‘,uo
i o % Y »ﬁe@ﬁ ﬁﬁ%ﬁﬁogﬁ

S
§»§)>§;§ﬁ3f iitagt

o ot

14 >y.u.
»

i

s gt i P,
o, R TG ; Shennd
s ogoc oc:o§ ek, 1ot i o .
T o ]

e
ﬁxa«uxa¢¢¢

ik R

BRI
Sl T

EERE
J¢
xa««#va««po>o&q§oogéoou
[ PEEIsT ey v s
jentgsead ;
edtgie: 3 Fettesit i 3 A
R LTI N i
; ey FEtogsepattest
RN M

e
gosreninal varerennie Tegalt
pipbeqrriiaate ey piie ran tpaeud ietivicd
I

=
LEEgs s anaet: )»a».m»o
b

L L L L LR A

LiilEdaEaii
ngva
8

. v\vﬂ‘f

o L
§§§$*o *>
SR

e S

e

on»)q-«.oox.poooo

?ﬁﬁ‘f‘%&o

i o 0 e

=

%@ﬁ%

R A% B LT

o °§$o,»

?%%%%:”?i ‘{ﬁ‘ &&%&%ﬁ‘*

Sev B
oouu&»%%}ui&&w&#}&}#»& e M Rl
i




R
PN

: i o i
et CUE
P Y
. L L
: t:%
A i
. : o
. L
. : E -
H :
Ll
. N
. : .
! 3
: . i
.~ &
: E,
* Ronel T *
e R T
1 : G e L B
P R : N DLk ! o v oo % : : ! VT e s - g P i
P . R : : L. . ; S : ! : ! : EPaitaiat bl wb o . N : L

: PThae)

,@-_%g‘gﬁo.ﬁ.h. : i e
ks o 4 T L L M
AN AT L T E Rt T T R R -

e e SRR R LD

e

e

FENEe)
e L A : %&’ 3l Hed
. . FRC =g R T é\;j
. B S LI (2o i
PP I T LYk e
L [N FERRR % i
. . ik =
- : HEA A Mo i R i
-] S e piie CammE b
. e i
I R
. %‘cg{' 'é?“.
L rhEE T
. . . -A°°§_a it N
it
RAcE ]
. &

Lo : L : T : kS : CELEnLIRE
.. Do bt s S ; SR e e Aty
. ; : T . . - o . rITEERIILL

LEers by s S 3
R T

Fag R rhtg et
s Mo
SRS

B

. 2
. . i B e
Tt : ]
i
T
g
Y LR $31
. T Py : H
vy Fot e i i
P P s
e 4
. e i
I 3

T
.

FEASRINS PR
: : . e IS - 8 T i S
. <. . STl i . . i : . " I - Tiox TLILT I ! : oV S : . ! N H : 3

Ry

S
Sy
e
Fhg e

foet

o Aaavdy S Ta s TE
L Bo i iRaa
R e
o e NE,. i g s s

5T D T P ML | 0 e, e et X
A=) ST ST
Fis L3 L LA b L S £ ¢ i 2

3 M
i TR
ik " TR
IR j ¥R g Piena
i e N A T
. HPr TS B e Rl B FERE
. PR o g N o] Blaw
. R e ; A L R L e AP [
L R kLot Aok o L i 4
A

N L

Dl e R PR
PR g

T

L lhesiuan
T

i

NMERISTRY OF WORKH
L L ABOVERNMENTLRE GG

N SR T ‘;;:.' g“‘ii} 50{“’}&?{3%{:
SHTING ERSIMEERS D g ' T

4L -0




SLTRTRLLGEITE LEPNNENSY

e

FEETY

v

FEan

PR B e

.
Ll
-

Ten

,o,i J

ST

L

ST Sy

HEHRA SR o0

LT
T
ey

o

S s SR P ARG s g -
N L L T

e g

Eniiire T ct\.oCucu..c < e
e

e e

e
BRIV faegen £ ouenc et e
KR Ay S v ey e g A £y

.oq-.y'}-?'\-.o.qﬁuqx u/\osu
o e e

£ gl

e
b e £
G e e £ A

uo.oofowwg.wwq‘
RESRPRLI S SR S

[P Ea B g e
'“q.c.uvq?w.wg\ P ) i Toslied ] Tewniiy oy
< s qx.wxuo.gg; o ey e 0

el i o
i v [Essadssvs »”ﬁufﬁﬁﬁ o *$
L L L an
e e e e 4y ey 2 G
T

S Raes '}-gﬁ"b.&o?oo
o B 4
'vb'oa>oo?

R
Cleniat
.cu\.cnxu.-c;-ccc..-ccc
c.c..-\.cu'vcu."c'vccc\..e,.cc-

2E e e

&

3
b fan fon g G wcu.-c-go«..c;y\q. ey

heells gy ]

i
G0, OB, o Do G i e
c.c.c.;cn; it

3‘35

S PR et £ e,

Fro Cuc.@-\.

sHagw o =
e i, Sk o A gt g o
5 o K EanL AN Y w_&

il e S04 5 3 Bt yrabrvh

i e e e ¥

S e e T e R ydgxuxxxhxyx;>>o<,>o
S

G E TR 2y 2 i S e

i e S Ao B A B L GG R i

ettt e : st i i ﬁf 3“?*
R «#«s o L i e e

f:gﬁm ¢

e

i I
LR

et
a..Cocowcocq:ocuco«.o«.ococo«.koo.ckocz:x)ca.ooouu
e S
32 g o e e
e a
PR

o A
i o
G ek
néJQWL“”

IR R
5?&“’“”“*&?;?? E

:
:

Ry

el T ngw

TLIRIINE
xknsxx&xococqzwwa.dc
e

- e
R v&y«ueruu«y@g

S e o
o o e
ofn ol g
o
ﬁ‘ﬁw *’E’@wa

T Favtear a0
ket

o o, S 3L Jo 5
o 0 e T o
_xsxxmoc.c.c o g £ €20
h 5 el o R
Pt (R T ol g 3 b 34T K F 5

..cg,,-u

g,
e
o e

s e g
£ B 3 B

4
N
iy
Pt
e T

Aﬁﬁo,»o »2,&,»,0

s o
FEEs St At At ‘&\oo«xg ,K
oo i s S n § e e G L s

e © o

,cc,,“ pletions g

ix i L AL
$1e3 st sy faiiey

g IiveTEY

'o'\-} gt e

; i
gﬁﬁﬁ,#xxzzzxadﬁyngﬁi«h§§«¢§§k§¢¢x, e s°,o,o,9,
fosesian et
£

Fix
fohateng
e R A

A
'bw

'{fs.««.as. b

éfﬁqx e
sy

L

3]

PRty

Yt
£”yémtée
-Q'S’e

B
ﬁ\«ii* 4%§§§g§§
%au

Tt M A M Iy S 1 e O
B g

2

[ 4
T e e b 0

P

E
i

Puttn »oowiétxxxﬁfx
o ok S

wo?oww.cs. .cg
i ‘*ﬁjﬁ

i % H et

3ﬁ“~z“

i

SAL L w e SrTrErva
o y}-&vk'}-.@ e e ¥

2

£el wmyw_
%:

e
3

AR o
SRR L
B

£ Le P kg
i b o %
R e Irgeeryy
g s
e e LRy
3 it Bt
PRSI e TN N TR IS iy
gt e e B

b Mh 2
% et 3 AL A
Faa s B P T
AL oo

e
i
L o e
é i L e e
i P b
L et
RS e acito.

i

o
il i o«§9«hx,x«xxx¢¢«
s sl

2

:
e
3

[ a.o'}.\.a.gcxxeo'xoc,\.xw-om.o>u
Vit SR S i xxwe.S
i

- gk g
S o ez b,

gy L e gy
LR R Y

¥4 :
o, m.?écowea,q..o ¥

oy d
S g b
pRit ety

A Kt

it A,
;;zﬁ;;rgx¢ktaw&xxw,@iﬁsxafssaaxswxxﬁ
Toinn R B
EEC TR
33

ke o S

o % e i ;

,¢¢»§¢¢$§¥* ”ﬁ&x ; : - eeny:
& s et »x<u$$uaoaaaoo,

e b

o e ’i‘ b i 33 %"{‘.’%E “g" ose ¢§ i S b
o
+

p b ek

ovh,»?ovxgé «vvc:;&¢§z;omﬁﬁ°?
siudi b

& o, 2o e
»vvg%yo}.{:u;»»?ool-} z'{@??v»@

FpE e T e
’?«ucnwéﬁxﬁa St $§”&“‘f$¢¢
AEHT
LR T

3 & T
Py B R R, B KRR
I .ocme {o!ocuca.xa.oc).rxoco«.a.o«..cv.) il

5]

ocxro«.a.xa.a. SF g
St o, Lo

] ety
R e . N R 0 b
s prtarty

SR FAnT W s g T 0
B R

Ch, PR o T 1 A

4 i+ et o

RN uc&..c.cucxa.oq.xa.tad

T o A Ry

Chaeed na,
e

ST e

SE At phpig v

18 EtiRetr i
SESEAT S A

L ia i e
>na,>>u>&o>\ [EReY
H

i
R e L
L Eig iy

el g

? :”m:m ,%o Semh iy ek e

e ia aat: C'vc

Rera e R seshai 1 T

sionrs Pt e R S e
FATH IR

etecistedat:

Gt ot

,’E?é;%*t@ﬁz ¥ %;:gfgsm%ﬁ%%@ Ciie
' i&é ;g%f;ﬁg' SIS

fﬁ%%”ﬁ‘% Wﬁ{%‘f*ﬁ»{%?

: b4

e :
et m-?m—m;m
S sttt o]

Wi aane

et e

e
et

e AT N

nee
P S S AR S A SR S A

B

P DA A

P B



P

R

.tmnh.xhvm\u\\unkba“‘\

P DAefer T DI D Yy HEL TS
&\\\\f\mﬁ_{ C 4 thauw.u&omu N
(L n.14) b F B /B \wﬁ&. . #28 /,,
oA Beos  wIzp XTI S Sep0 g Ll Mq
némm&.w.anu.m.nu\ i\\\e%%‘\kﬁt.\\\\\& mmv\&%\ I{“\,K. el o .h..% THr ~
SFBL VA GG LS G~ 2 "L Oy P Q\t\xa\.
WN / A B Q.%:m_%

\ / i1 1 _ l:/, v
1 : & === i
: z2r = BT} . N7

ay ] LJ A =
o _ 7 \ |
A R En - .
’ . x.\.&h“u:ﬁaﬁtmv \ \\ P 7 M M.\.N.. Y RELI, : ( %
\\: h.\.\.\..\.“\ .\M\m\) __.... 1o u..f
H\.\tmm..ﬁﬁu s : .L%k@&%l.@%..\\t O o,
et 3775 .lm@h,mwhv\ = kS ..ﬂ:\\“ﬁ‘
o w@n.u.inux.m. Vidadiaad1 { =z 4m A BL 5Dk
7 j G £ 85
k‘;ﬁ\ku&\a%&,
2,
%V«fn&a\a\x\\i\v\\\ v w\‘m\ kv%‘t\. Sty \\\.W\L.,ﬂvw\.lﬂn 0
Fa B LTS
\whﬁw@nv Rl o d 7 R GFdr T A L7007 =
L0 06 P — m.\rxum_mhh&m\v\xu P ePd T ISP TMLD LreRADD (2
i \QHH\\\ML“ & POy Bp . Qﬂ?\hv“vﬂ\ - .mhﬁ.w..w\\uuh!vu 7,
| L S AN A

EXryy PIDF g £ CILDIXN S

- VIV NL V¥ e o nm..b\.uuhw. \.%\.

s v\.u&\L.n \_\q\h.uxunm.ﬁ&mv\ ..m.v\..m nunwmu\ b\;ﬂ\\.ﬂ.ﬂ..x@fﬁlw,



—
8517
L]
-
v
<
S 2o po el
XAOA KPP Y g
PEW ML & EVIION ]
u.ﬂ...m i m - ot / ) 1 .ur..*m ) ¢ | ! . | H ..Ia...hw )
_A mwﬁw%u\\.}uu\nw.“\ 4 = » M ¢ wdboust =8
" . .
. R .__..T..}_ %W\\. .
.m.%\.\%.._..\ - : | wm.m\lm_\%ﬁm%\
R 4 . _ AL (AT
s it 2 >ty (T SR 15t gy DEEY L
xR ALy A 74007 {W\ml m%x

«n_.w.._..u\m_\ﬁ%\m\.ﬁk P
hx.n.wkﬁin\m. lﬂﬂuhﬁ £

gL S L ,
paiogy v - 7 KIYy — A DY i py &
THDELD 17 Do %Qq\.m_..i.\m.. Lt 4 ﬁﬂ&u\m\ BB
RSy S, AP P Bl RPLLS TG L \ﬁﬁ\k.h&ﬁ@h\

u_q.e.www
W76 eLP |
7N SPILSTDE K TIVEST

SPr LS T SOk U\w&s&w%\ - A g Qnm\ U\\ Siey W ...WW



