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‘l'h:Ls inr.erim report desnribes the environmenta.l assesameut

. conducted ‘to date of the proposed Accelarsted Mahaweli Development

' P:ogtam. ' ‘Ihelreport focuses on the mnjor proposad head works for.

" .the Mahaweli Ganga snd Maduru Oya md’ upon the downst::e_mn ir:igaf.ion

" Systems 4, B, Cand D, (Ses. Figive 1= 1),° Canacu.vely, these '
.pmj ect davelopments comp:ise the proposed action’ ‘which the eavircn=
-meutal aasessmant is concerned wtth- alternativss to. this overal.l pzo-

_posed anf.ion are not: cuulidered :Ln this teport. However, alzemaﬁ.ves .

- within the vm:icns componeuts of 'the proposed action ara evalnst:ad.
Tn gemeril, the Presentation approach followed in this repor.t"
involves subdiv-iﬂing the Tespective’ discussiona fo: each of the’ )
envi:omnental discipliues into thtee parts. .'l'he first part of each
mjor section is conu:ned wi& -a description snd analysis of the
'axisting conditions pertaining to the’ -respect.ive envi:onmentsl factor
‘or topic.  The second part consists of :an identification: and cva.lua-

tiou of ptoject impscts related to the envi:onmental £..-.l:tors. . Pinally,t

the las. part provides :ecommetrded sc:ions—:o -alther nﬁ.nimizn potential”

advetss impacts o: to enhance be.ne.ficial aspects of\ the proposed pro=- 3

jects. e

'I'he analyses. prasented harein are. band on :.nitisl evaluar.ion.s
of ed.sting data. snd essend.ally reflect speci.fic recmmendatim af
3indiv1.dusl disciplinu, therefore findings should be considarcd tsnts-
‘tive and, ‘iu soma cases, subjec.t: to tcvisionj.n the final repm:t sub=
‘mission whick will be based on more dstailsd data and’ .a mora thorough '
-integratian of ‘all aspects. of the study. In genc:al however, it is |
unticipst:sd that many of ‘the bssic issces will Temain substm:ially
wnalterad,.

-

It should be noted that in Tagard to the propoud it:igstion

.projscts, more detsiled analyses of enviromnental aspsc:s are passible |

v
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for omly s_;stems Band C. The feasibility studies fér Systems A am?
D hav:.10t yet been submitted, and, in fact, it is not anticipatad

) tnat tnese ‘studies will be available prior ta oompletion of r.he final.

" environmental assessment report., Consequcntly, in both this inter:.m
report and' in the final submission, the analysis of environmental

impacts pertainiug to: Systems A and D wilil be of a more gene::alized
qualitative nature. o i
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SUMMARY

The following -tabulation ﬁrésénts summaries of the major pro=

ject impacts on the human.and natural enviroument gnd a brief descrip--

tion of recommended actions to minimize adverse impac:s\and/or‘to

‘enhance beneficial impacts,

LR

IMPACTS

oy

* RECOMMENDED -ACTIDNS

Successful project implementation
will result in highly benefici-’
'social impacts in terms of
ment -opportunities, higher inc
and improved standards of livi
to.inceming settlers as well a
for existing residents, Poten
. problem areas exist which may
edversely affect the achievemet
of the project's social object-
ives, A serious unresolved it
is whether or not one hectare
"plots cllocated to family units
will be cconomically self-sust:
ing, Tue rapid implementation
Tate increases the probability
thet infrastructure and settler
Preparation may not always be
available at appropriate times.
Possible problems may also occu
due to the isolation of the
settlers,. the limiting .of women
Toles aud an inability to devel
2 sense of comminity stability
and cohesivemess. Other issues
of concern imvolve labor short=
ages, land tenure conflicts anc
changes in production -systems,
These potential problems may
singly or in combimation comtri-
bute. to settlement failures.

- necormended measures to mninimize

$ -

potential problem areas involve -
monitoring. failure rates and cauges

“ to enable corrective planning

measures to be instituted, Simi~
larly,. land tenure arrangements

and financial status far settlers’ -
Tequire supervision. rFolicies- are
needed to increase employmeut Sppor-:.
tunities for all family members, th
provide additional. farm labor and
for the trausier. of failed settlers
to other occupations to enhence °
inherent commuuity stability, Women
should be included in-progtams to
increase understanding of the . .-
household.as a financial unit ~and -
the Tespousibility of that unmit in

. credit programs.’ Proper scheduling .

of infrastructure implementation
is essential to meet settler needs,
particulerly in the initial settlen
ment phases, ' ’ :

w i =
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IMPACTS

" "REQUMMENDED ACTIONS

A significant increase in both.
water=borne and insect vector - -
"(especially malaria) diseases can
be expected with development of
the project. and the influx of a
~ large.human population to the
. Tegiom.

. the project area, .
- water supplies should be provided

' .coming settlers,
~ programs. are recomnended for imple=
-mentation including periodic house

Heelth care and sanitation facilie
ties are racommended throughout
Safe, potable’

for construction personnel. and in-
; Malaria control

spraying, Regulation of water
-flows is suggested to limit.breed=

ing Babitats of malaria carrying

“osquitc:species; i -The overall
health status of the population
should.-be monitored especially im .
regard to insect vector and watar~
borne diseases.. .

) Investi’gatign has shown that

large areas of the upper catch=

" Mment are, being severely eroded. -

83" a' result of poor land use.

’ Without -adequate soil and water

- counservatiom. practices, silting

. and. sedimentation will contimue
ta cause a detericration of

- 'lands, tanks and villus. -

A- comrehsnsive s0il and watershed
management program should be, im=
Plemented, especially in the upper
.catchment. General recommenda~ -
tions are made to develop ingtie
tatiomal capabilities fer.the. ,
regulation aud protection of the
watershed. - Adequate drainage .
systems uneed tc. be installed, and
certain cultivated areas need re~
habilitation programs,

- Beisting forests will be sharply
- reduced as cleariang proceeds to
' Prepare agricultural Iand. Both
- lumber: and firewood demands. for
" the area will increase as the
population rises; -in fact, the
-Present timber resources caumot
_meet curreut’ domestic demands.

L

" Pirewood planté.tions- are recoc:ﬁetidf

ed near planned settlements ‘and,
windbreais will .be suggested for
Certain areas. Riverine forests
should be preserved to ensure that .
certain tree species of luary .
grade be maintained and managed

for sustained yield harvests,.

- Generally, the quality of surface
waters are expected to be“Highly
suitable for irrigation. and live=~
~Stock use and for the protectiom_
- of asquatic life, Localized de=
Serioration of water quality may .
‘occur as.a result.of increasdd
solida ‘levels in.irrigatiom,. returm
flows., Nutrients. and pesticides
‘will sccumulate in the downstream
‘Teceiving waters, Salinity intru~
sion nay be altered due to changes
in river flows,

. water application rates
'drainage,

A monitoring program is recommendad .
to identify problem sites in the
command areas which can be subse= ~
quently resolved with changes in-

or improved
Tha program will also
permit the derivation of a conser~
vation flow to dilute saline. irriga=
tion return. flows, maintain aquatic
habitatsand control salinity intrye_.
sion in estuarine areas.

- -iv-
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RECOMMENDED ACTIONS

‘The 'iﬁcreasé.d;;airaiiabili ty of . -

aquatic habitats such as uew tanks,

:canals, reservoirs and even paddy |
flelds'will result in .a concomitant
. increase in fish populations end pro-
“ductiom,
~ the increased demand for-fishery pro-
" ducts due to the population increase.

TSN

‘A secoudary ‘impact will be .

fishery productiva, .

Planning measures are recommended
to capitalize on the fucreased
potential for fish ‘productien,

Fish farming pilot projects are
suggested for investigation,
Recommendations are also made:

for researzh and applied low level
technolagy to increase overall = - ¢

. Existing fisheries in downstream

. areas such as the estuaries -and
some tanks may be reduced due to

~ chauges in flow regimes, the al~ A
-teration .of mutrient supplies and -
the increase in pesticides.

0w

sonservation fiows are suggested to
dilute toxicants; Proper applica~ -

‘tion of pesticides and fertilizers -

will minimize their accumulaticn .

in return flows,

Alteration in river flows will

" .Tesult in partial or -even “total.
drainage of the swamps (villus) in
the floodplains, This will in.
.-turn diminish the value of the:

- villus .as wildlife habitats,
‘domestic stock graziug areas and
for fisheries, :

"It.is recommended’ that small weir

or comparable structures be con= |
structed in the outlets of the .-

villus ‘to prévent their des.;ica;.__i- T
" tion Auzing low flow periods. - Fhis
- would maintain ‘the highly product~ -

ive villu habitats, thrs .contimuing
or perhaps enhancing ‘their value:- .
for grazing, fisheries pnd witdlife-
usage, . S ot

Existiag wildlife habitats and mi- .
.gratory routes will for ‘the most

" part be replaced with 'the imple~
mentation of agricultural and’

settlement development schwmess, .

Wildlife affected by this habitat
reduction include eight endamgered/
threatened ‘species (elephaut, leo~
pard, .red face ‘malkoha, mugger
crocodile, bengal mouitor, phythom, .
purple faced lemgur aund toque maca="":
que) and a total of 36 species-en=
demic to the island of Sri Lanka, A
secondary imgact will occur when '
.conflicts arise between farmers and -
' the larger mammals (especially ele~.
. phants) which are gradually con-
fined to small isolated areas,

" phants -and wild boars can cause sig=
nificant crop and forest damage as.
their natural food supplies.and
living area are reduced.

Ele~

The -e5tablishment -of -one- o~ more_new
Natiotal Parks,the preservation of. .

existing'wildlife reserves.in their
" eatirety and the ‘@elineation:of mi~
‘gration e cridors zTe Tecommended.

~as an integrated conservation mea=

sure for remaining wildlife popula~

tions, Habitat improvement is sugg~."
-ested in selected areas té.stabllize

food supplies .for auimals: presently -

" inhabiting established and proposed

Teserves .and for' those animals’ livw
ing at the. Teserve periphesies,

Tecommended to limit wildlife .ccn-

* flicts with man. The present capa-

city of the Department of Wildlife

‘Conservatior shauld be increased gnd
Ctraining programs expanded,

‘Dis~
placed wildlife including elephants
end leopards shouid be accommodated
in céptive populations waere
possible, S o

~

" ‘barriers and buffer zones “for the W’:'
wildlife reserves and carridors are

L4
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" IMPACTS o B RECOMMENDED ACTIONS

The change in vegetal cover will Control programs need to be
increase suitable habitat for a instituted to limit pest prolifera~
nunber of agricultural pest: spe~ © tion, It is rocommended that sugar
~cles including the rose winged. cane, since it .provides excellent
parakeet, two species of muniar nesting habitat for Tice consuming
and rats. - - . rtuuias, be planted in areas distamt.
;or at. least buffered from, r.ice

paddy regi ons,.

Trox

It should be emphasized that the Govemment of Sn Lanka has :
;.taken an active interest in promulgating envirocmer_xtal sa..egu.ards end
,‘conservation. progtams. E'any of the. reconmendntions presenteu here ate
& result of collaboration with the various government- agencies and in

some cases reflect: the ongoing programs the agencies. have’ initiatec.-'

- Economic. Perspective.

Iz this mid-term report, e:onomic stud:tes comprise. a su:vey af the

s discipliues iz order to develop appmpriate methodologies foc'the economic ‘

_analy is of environmental . 1mpacts and plaming Tecommendatious,. Prelimi-

"nary enalyses fromr existing data relating to thae impacts on forestry,

v‘-fisheries and. villus. are presented to demonstrate the appIicability of .
‘ecouomic. analysis in the assessment of’ environmeutal impacts.. The analysis
.methodologies will be formalized in the final ‘report. to iudicate cost

', effective means for mitigating negative impacts aud. for optimiz:.ng the '
use of’ enviroumeuta.L resou;'ces with an emphasis on the' evaluetion of

' alternative lend uses,.

Integrated Envirommental Plawning’

In this mid-term report, recomendations genera" ly reflect the
alyses of. individual envirormental disc¢ipline or a collaboration. between
several disciplines. . However, assessments- relating to several envircn~--
mental topics, including historical sites, climate, hydrology, minerals
and pest management control, -have.not been completed to date and ‘will be-
addressed in the final submission.

- vi -‘A'
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Following a thorough analyszs of all of the significant environ-
..mental aspects relevaut to .the Accelerated Maheweli_.Program, recoumenda- .
‘tions will be presented ‘based.upon an integration of inputs from each of

thé~ environmental disciplines. This would include for example, the
establishment -of coordinagted monitormg programs to meet the combined
‘requirements for water quality, soils, pest coutrol, wildlife and public
health analysis. - Similar recommendations may involve trarm.ng programs,
'ext.ension services wildlife management plans, conservation flows, dufra-

structural needs, etc.

In :the final report, particular emphas:.s will be’ placec. upon
deriving integrated _land ‘use plannmg recoumendations and alternatives’
‘which will take into cocsideration r.he various develo_pment strategies.
For this purpose a .land use map will ‘be preseuted showmg the proposed
land .uses and supporting ;nfrastructu:e recommendations in the available
feasibility studies and from the Mahaweli Authority, With this map aa:
a basis, the positzve and negative impacts will be analysed and alterne-
tives discussed Land use recomendations will focus to, a large extent

upon agricultural uses, mldlire preserves, fuelwood plantations, foreet

‘Teserves end especially watershed management. "A. land. «use/soil conser~n"

vation map will be presented for-the upper ..atch:nent, and reconmendm'ons
for agncultural rednvelooment forest plantations and .80il conservatmn
measures will be made, A sample of this mappmg ‘teclmique and the - % .
methodology proposed for determining.soil .erosion _problem areas is
included in .this mid-term report.,’ ' '

- vii -
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CHATTER 1 - -
TROJECT DESCiIPTION

- BACRGROUMNY

Tae Acceler..:ted Mahaweli Develc;;ment Iogram euncop

p'ass'es a total of 259,000 hectares (4% cf Sri L-:mka) and .

includes the ccmstructi:m of f;we or mere large’ stcrage reser= -
'voix.'s to provide irrigatiou water for approximately 120, IS0
hectares of new land, Implementat.ion of this comreneus.ive
river lLasin proj ect will enhance the nation's socioeconomic
develcpment Ly provi diu~ i'ncreasec employment opportunities,

acpzmdinr: overall ngricultural "roc‘.uctwn gud creating needed

hydroel ectric power,

HISTORICAL PELRSTECTIVE

- . . . - L - .
.The diversiou anc use of the Mahaweli -Gauga waters

‘was origmally carried out by the aucient inhatdtants of the
island, T.:ey diverted the river at Miuipe, X(ali'xLa and '(mma-
ladu along the main river and diverted the Amlan Gatga.at

Elchera aud Lugamedilla,

. More recently, a number of recommendations have been
.made to divert the waters of the pe!:leuni':él.biahaweli Gavga in -to
the dry ‘zame for irrigated agricultural devélopment.’ Preliminay
studies in.this conuection were first conducted by the Irrigaticm
Department, 'I:he_resoui'ces of the Mahaweli Basin were studied
ly the Canada=Colomlo Plam Proj ect and concurrently Ly the
Tnited States Operations Missica iu the 1955'3 aud early 19¢C's,
As a Tesult of these investigations, the FAD was subsequently
Tequested to prepare a Master Flan, for proposed -'de\.relopmeuts of

the - Mahaweli Basiu. .

The FAD Master Plan was completed in 1563 aud the
first pro; ect implemented was the Polgolla diversion a§sisted

by World Badk funds i4.1970," The- ‘Polgolkla Diversion .mg *~ - ‘¢
Dowatenna projects were both completed in 1976 and provided am

1-1
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additional 12,000 hectares of irrigated land in Irrigation System
H,. > ' ‘

MAHAWELY ACCELERATED PHCGRAM

In 1977, the present govermment decided to accelerate

- the Mahaweli Developmeut Program and cultivat'e'l.'i oU0 hectares of
new lands and 32, JOu nectares of ex:.sting agricultuzal laud in
.irrigation systems laoeled A, B, C and D in the Mabaweli aund
Maduru Oya oasins. ‘The Wctoria, Maduru Oya, Randenigala,
Moragal:akande and .(otmale storage reservoirs are proposed for
construction in order to regulate "the water for irrigation.ofi.
the new oroj'ect area aund provide hydroelectric oowef. The

: 1ocations of the pr0posed reservoirs ang frrigation systems are

shown a Eigure lel.
Headworks -

. Details of the five major daﬁs are prasented in
Table 1-1 Tn addition, several major reservoirs also under
consideration -include. the i{otalawel reservoir, Ulhitiya resezvoi::
and the Kandakadu barage. The Rotalawel reservoir-has a full
stora;2 elevation of 67 meters and a storage capacity of 240 mill=~
ion cusic meters.(ﬁa).. Similatly, ‘the Ulhitiya Oya reservoir. bas a
full storage elevation of 1U6,7 meters with a capacity of 110 mcm..
The: Kandakadu barrage will occupy atr area of approximately 2900 :
hectares. In addition, a storage reservoir om the Am an Gaﬁga
. has also been ptoposed at Angamedilla; however, the operating.
c.heractetistica of this. reservoir are not preseotly available.

(S

- _Downstream Irrigatiom sttem

_ The downstreem irrigation systems will irrigate a total
of 175 300° bectares as shown iz Table l=2 &

W



Settiements

The Mahaweli scheme has ado;\teu the ﬁriucipal of the .
..,,_cl.us.mr...ﬁar Mnt—ﬂmlcpmeﬂt Waimw reéers-nov cousoiida—ting
well"'planned hamlets it;to a villnge. A

Seve::al villpses mll be linked in a network to estab-
lish a township. It is estimat.ed that about 100 settlers and their
fanu.lies will reside in each hamlet on 0,2 hectare of highlaud.
Family units will be’ .allocatec, one hectare of paddy land loested ’
in the imediate viciuity.

An estimated 140,000 families anc other service .staff
totalling about 1'million people w:.ll move i‘nto ‘the Accelerated
.‘Manaweli Program area., All the necessnry infrasu'ucture such as
'roads, schools, nospitals ete. will Le provided by the Goverument
and it 'is expected that the settlers will establish other facilities
such as 2 shoppiuc, center, coummity centers etc. through their
.own affort,



TABLE 1l-1.
CHARACTI-;RISTICS OF MAJOR DAMS

Sy . :

Major. Dam Kotmale Victoria Randemigala Moragdhakanda Maduru Oya-
FSL M Meters MSL  728.7 9345 228,7 ‘1951 97,6
HFL M Meters MSL  729,0  439,0 230,58 197,7 99,1
Dam Height: Meters 107 -108 84 River Section:74 39

Saddle 1 $56, .
Saddle 2 . s31

Al

Area Inundated

hectares 972 2,267 2,318 - 4,049 " 6,282
Capacity‘ Milliom . i _

Cubic Meters 408 592 776 - 854 515
Installed Capacity 150 210/420 75 40 . 9,75
MW (00) -~ (100) . '

" . . - . * 9.
Amnual Enexgy GWH ~ 390 693 " 370 200 36
Rew Area Irrigated 264,000 36,000 20,000 47,200
=  Hectares . - ‘ - . .

Date of Completiom 1983/ 1984 1985/ 1985/ 1982/

1984 1986 1586 1983 .




TABLE 1=2"-

{Hectares)
System A Origin of Water E:cistig_g;s;ckxemes
A Ka.lu Ganga - - -
Reservoir - - 5,700
Rotalawela _
Reservair .= ' -
Pallewela L
Reservoir -
B. Maduru Oya /aupp. L
.by Vic!:oria - . 2,700 -
-C 'Victoria Reservoir 1,300 -
D (Includlng System G

Ab, D Part D2 .
/G (System @) - °

Elehera,Minneriya,
Kandalla, Ginitale, j

Rantalai, Zss 30,000

39,700

A.J:‘.AS IRRIGATED IN Accm.mATED PROGRAM

| New Scl:he';::' M
14,600 20,300
7,300 7,300 °
.14.,990.‘
47,800 - 50,500
'zé;éoo : 31{160
- 2,800
30,000
_135,800° 175,500 "

\
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CHAPTER 2

WATER QUALITY

EXISTING CONDITIONS

_Gemeral

The available wster ouality.data‘for.the'ptojecc' area
are compiled in Téble 2-1‘fon rivers and streams, Table 2-2 for
) tanks villus .and lagoons and Table 2-3 for g:oundwater. Tﬁese
. data were obtained from.a number of sources which -are coded on
_ Tables 2-1, '2=2 -and 2-3 as follows

Code . ' Source.
1 - U.S. Operations Mission (1961)
2= Amarasiri (1965)
3 - Amarasiri (1673)

-4 - Pattiafatchi and .de S{lva (197.2)
5 -'watef'Resources Bureau (197§)

6 - Ceylon Association of Sczence, P:esxdential
Address

7 - Government Analyst’s “epartbent (records)
8 - Irrigation Department (Tecords)

9 - National Water Supply and Drainage Board"
(records) ) _ w

10 -« Dr, G. Shut (field notes)

11 - TAMS (samples collected by TAMS in November.
1976 and analysed by Occupational Hygienme
‘Division of the Labor Department and by the

*.  ‘Irrigation Department).

Localities .of the surface water collectlons, according .
to the above listed sources, are gtaphically depicted on’ Figure
21, Groundwater sampling stations are not included on Figure
2=1 because the well and -bore-hole locatioms have not been -

'clearly defined.

Thete have been very few comprehensive, sustained water
quality studies conducted for surfuce/waters or. groundwnter
.in the Mahaweli Accelerated Davelopment area, The most
2 -1
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“detas.iad studies involving secsenal analyses for selected water .
Guality" parameters were completed by the U S. Operations A
Mission (1961) for single stations on the U,‘per Mahaweli Canga,
the- Amban Ganga (at Elahera) and a few of the large irrigation
* tanlks;, by Amzrasiri (1972) for ‘Some major irrigation tanks; and .
by hhe Goverament Analyst' s Departmant at the Kotmale Dam Site.
The remeinder of the water: quality” data is derived from occa=
signal, isolz{ted samples collected for' analfsis from various v

locations in the pro_';ect area,,

.Irrigation l!.se.éri teri:a ‘
.Criteria have beenr reco*mended for the classifica-
tion of the quality of water for irrigation use by the U.S..
Departmant oﬁ ngr" culture or USDA. (1954) and. the FAD (nyers
.and* Hestcnt, 1976). These. c:ltena. are sumnanze.d im Tzhles
2-4,. 2=5 and 2=, '
’ \ .
Genernlly, the more commonly eccuring problems with '
t.he. o slitT of :.rrigu.tion supplies are- associated with high
-ler:zls of s.:tlinity (as measured by electrical conductivity)
end/ox: a I'ligh. proportion. of ‘8odium in comnarison vith othe"‘
< mercam.c constituents - chiefly, calcium, magnesium and. bi-
carbonate.
Salinity - Salinity ‘Croblems arise if salts from
- the appIJ.ed 1rngatiorn water accxmmlarte in the crop root zone.
" and ytelds: are adversely affectad.. With shallow watar tables,
salinity problems may also occur. cIue .to upward movement .
. of water and salts frem the ground water as. the water .
'evaporates' froqm the: soil or is used by the czop.. FCE most.
"crops,. salinity probls, due to the quality of the irrigatian
Iwnter, do not occur at condnct:.vity lew/els of less than 750 '
.micromhos/cm. Detailed conductiv-:_ty cﬁ.teria are presented in'.‘

.Tables 2-4 2-5 and 2-6 . R

Very low salinity wnters (conductivity less than
200 micromhos/cm) can also cause problems resultiag in reduced

2 -2
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soil permeability (Ayers and Westcot, 1976). Low salinity
waters dissolve all sources of calcium from the surface soil
causin: finer soil particles to disperse, to fill pore spaces
;d sezl the soil surface, . - ’
Sodium-Problem Evaluation = 1In Irrigation supplies,
a high level of sodium in Telation to other ions cam Tesult in
the formation of alkali soils w:'l,t}g.very low permeability. The
most common method .of evaluating the relative amount of sodium
in the watet. has been with the calculatiom of a $odium Adsorp-

tion Ratio (SAR), described by USDA (1954) as:- the following :

SAR = MNa
¢ Ca + Ng

where Na = Sodium in meg/l and Ca + Mg = Calcium plus Magnesium
in meg/l Problems do not usually occir with waters having SAR

“values up to about 10,

Permeability problems are also Telated to the
carbonate (O ) and bicarbonate (ch) ) content in the irrigatiom
water, In_ua.:ar.s cnnmning-.high coacencr-atiom -of- bicarbonacq
there is a tendency for calcium and magnesium to precipitate
carbonates and, as their levels are reduced, the relative
proportion of sodium is increased. "This effect has asually
been evaluated by the determination of the Residual Sodium
‘Carbonate (RSC) method which involves the use of following fore
mla :

RSC = (0, + HCO ) = (Ca + Mg)-
" Water with an RSC value of more than 2.5 is usually considered
"unsuitable for irrigation purposes.

Bicarbonate levels of as low as 1.5 can also cause
problems when fruit crops are sprinkle irrigated during periods
of vary low humidity o_nd‘high evaporation (Ayers and Westcot,
1976). Under these conditioms, white depo.'.'its‘ are formed on
the fruit or leaves which reduce the marketability of the fruits,



A refined procedure for es timating potential sodium
hazards which combines the concepts of SAR and RSC has been
-suggested by PAO (Ayers and Westcot, 1976). This involves a
caiculaticu of an Ajdusted Sodium Adsorption Ratio (4dj. SAR)
as follows : - -
Adj.. SAR = “Na ..., t—l +.(84 = pHc)]

Ca+Mg
2

where pHc -(pk2 - pke) + p(Ca +\Mg) +p (Alk), and.

(pkz = pke) ‘is obt_ainfad:_f.’gom using the sum

of Ca + Mg + Na in :ég/l;"'.

‘p(Ca + Mg) is obtained Trod using the sum

of.mCa + Mg in ueg/I;‘Tjaqu“"*"'

p(Alk) is obtained ft&ﬁTGS’iﬁg the~,. sum

of @, + HO, in meg/k. ... ” '
‘The (pk2 - pk.c:)’,. p(Ca + Mg) .and p(Alk) values. are then con=
verted to standardized uunita (ayers. and Westcot, 1976) before
determining the pHc.  The pdc is a theoretical, calculated pH
of the irrigation water, .

Project Area Waters - Quality for Irrigation .

Where sufficient data.were availabla for the project
area waters the RSC, SAR and Ad¥. SAR were calculated and enter=-
ed in Tables 2=1, 2=2 and 2-.3.: " In addition, where possible,

- the waters were classified in terms of their conductivity and
SAR values according to USDA (1954) recommendations which ara
given in Tables 24 and 2-5, .

Rivers and Streams - From the existing river and
Stream data (Table 2=1) the waters of the Mahaweli Ganga, Kot=
male AOya, ;unbm Ganga and Maduru Oya are at pPresent well suited
for irrigation use, . These waters are characterized by very
low RSC,. SAR and Ad]. SAR values. They also exhibit low
mineral content or salinity as evidenced by the conductivity
levels, Most of the conductivity levels, especially from the

Mahaweli Ganga, are less than 200 micromhos/cm which coyld



¢

cause some permeability problems. Waters from the Amban Ganga
and Maduru Oya have: significantly higher mineral content than
that fcund in the Ha;hawel:l Gaunga, However, -the data are limit-
ed, with most. of the information on the Mahaweli Ganga from the
upstream hi.lly areas where salt levels in most flowing waters

are typically low. C :

As expected, salinity. levels near the mouths of the
Mahawell Ganga (Mutur) and Maduru Oya.kValaichchena:l) are compara-
tively high due to tidal effects. ~ Although these locatiocns
are represented by‘singleiﬁaﬂ:j:les, the salinity levels apparent-
ly would not, at times, limit use of these waters for irrigatiom
‘purposes provided that the crops were relatively salt tolerant

and adequa’te drainage was pr'._'ov:lded.‘

A few of the cto‘p' toxicity criteria (T'able. 2=6) are

exceeded in occasional .'samples collected from the rivers and

—n

R

streams of the proj ectAare'a. The most couspicucus of these
are the exceptionally high iron Alevels found in the Mahaweli
Ganga at Mamampitiya and in the Maduru 6ya at the Dam Site.
However, this may not be a common pheuomena since a second -
sample at the Maduru Oya Dam Site had ‘a' very low irom level.

.

Tanks. Villus and Lagoons -~ 1In 'general,"water

quality in the project area tanks indicate that these water
fuppliea are presently sui;ablé .for irrigation use, Low RSC,
SAR and Adj. SAR values ar; found for all of the tanka: How=
ever, a few of the tanks exhibit some elévat:ed"salinity
levels, particularly at the Allai Tank and' the V&meri Tank
both of which are downstream tanks located near the coast.,
Other tanks including the Parakrama Samidra, the Kantalal Tank
" and espacian)" the Minmeriya Tank exhibit occasiomal salinity
" lavels which excead the Cl classification according to the
USDA (1954). | | -

Teuks, ia genafa}, have a much higher mineral con=

7 tent than that in- the ad}acent rivers and streams in the regiom,
In addition, the semscnal measurements made by Amarasiri (1973)

2=3



clearly show the effect on increasing ‘tank salinities of the
drawdown aud increased evaporation rates during the dry season
months,

Viflus gener;nlly have waters wl:ic.h 'az.:e suitable for
most irrigation purposes, although high salinitie:s are often
found as.a result of the extensive .c_i;awdown' periods which occur
annﬁally. . The salinity level in tl'x'e Upaar Lagoon preclqdes its
use for irrigation, which is expectéd, dx;:e to fts direct oceam
comnection, - However,. the salinity lévels'heré ai_e- undoubtgc?]::yi
higher than they -n'ormally would be due. to: thé bi’es'ence of the B
low culvert bridge at the lagoon entrance. This impedes normal
tidal flushing, of. the lagoon, and combined with high evaporagion

rates, results. in an uousual increase in salt content,

.“Groundwate:.."-__ Most. of. the wells sampled exhibit. .
properties. which are suttable fovin’iga.tiom use,. . However,. . .
several of. the wells. ‘From. System C, including Well 12 (sampled
8/78)and Well. 14: (sempled 7/79},. had. high salinity levels and.
vesy' high RSC, SAR or Adi._ SAR. values which would. probably pre=-
veut. their use in moat circumstances for irrigationm;

+ +Simtlarly, several coastal wells, notably at Trinco—
malee end Batticaloa, had?éfry.high S&lIn{ty Tevels WAIcH would
limit their use for irrigation,. _Aquifers nere are.undoubtedly

being recharged, at least part:iéily, with sea water,

Wells sampled near Hingurakgoda also exhibited a
relatively high saline content with the result that chloride
concentrations ‘are elevated which could cause some crop toxity
problems,

Livestock and Domestic Use
\

, Based on the recommended toxic substance criteria
of the National’ Acacfemy of Sciences and Natiomal Acadgmy' of
Mgineerihé (1972) and of the U.. Se Environmental Protécticn

oo v

Agency (1976), the project area !‘gri-o'\indwacer and surface: wat:irﬁ

2-6



(including tanks, villus, rivers and streams) which have been
sampled, are all suitable drinking water sources for livestock.
The ounly exception would be the waters of the Upaar Lagoon which.
have a salinity coucentration far in excess of safe cousumption

levels for aunimals,

\

Tha surface waters are appareatly suitable for swim=
ming, bathing, clothes washing and other related domestic uses.
However, this assumption requires confirmation with additional

testing, especially for coliform bacteria counts.

Similarly, "the  quality :of the well waters for human
consumption needs verification with coliform bacteria, metal -
toxity and other analyses, From the existing data, it is
appareat that several wells in the area would be questionable
potable supplies because of high saline content,:- Waters with
total dissolved solids levels of more than 500 mg/l (roughly .
- equivalent to a comductivity of about 700 micromhos/cm) andfor:
© chloride levels of.over 7 meq/l are usually considered objéc=
tionable due to the salty: tastw, - Project area wells which
fall into this category include Wells 14 and 20-in System:€:' -
and some wells in Kaduruwela, Hingurakgoda, Trincomalee and.
Batticeloa, The iron concentratiom found in thé Mahiyangana
bore=~hole also exceeds the safe drinking water criteria of
0.3 mg/l. )

-

antic Life Standards

The surface waters in the project area gemerally
-exhibit qualitiea which are above -standards normally associated
.with health fish faunas. The data.reveal a few isolated
fnstances whare safe levels for aquatic life are exceeded, These
include an infrequent high ammonia lavel and the high irom con=
centration found in the Mahawell Ganga and the Maduru Oya. The
recommended iron level for the protection of aquatic organisms
is 1,0 mg/l (U: S: Environmental Protection Agency, 1976), an
mmount exceeded six times.in the available irom data, The irom


http:times.in

present however may not be highly toxic ‘to aquatic life if it

exists in corbined forms. °

Pesticides

Until recently (about 1976), chlorinated pesticides
including DT, BHC, heptachlor; endrin, aldrin and dieldrin were
empldyed for pest control purposes - throughout Sti.Lenkai The
" chlorinated (or organochlorine) pesticides are vet& persistent,
.of ten remaining for years before th:y breakdown to harmless by=-
products, Organophosphorous pesticides, on the other hand, while
still very toxic degrade rapidly, :emaining in soils ouly a few
days or weeks,

‘Most of the organochlorine pesticides had. been Te~
' placed hefe by the-organophosphate. ‘types; however,. some: organo=
chlorine insecticides are still in use in the country.. Rama=
sundaram et al, (1979), from the Centrel. Agricultural Institute
in Peradeniya, have recently completed a natiodal suryey of~qrparmo~
dllorine insecticide residues.and found,for example, DDT .and BHC
- residues. iz 6L and 43 per ceut,. respectively, of vegetahle
samples examined. In:this study, water samples taken at several
,: }acat:[ovs including Parakrama. Senudra, Gird tale Tank and Min=--
neriye Tank did not contain DDT, but. had traces of BHC, dieldrin,
heptachlor and endosulphan. ‘

In November, 1979, TAMS collected water samples
throughout the project area which were hal‘y‘ﬁad ‘for-'chiorinated
pestipide residues by the Central Agricultural Research Insti-
tute. - The results of this analysis are. presented in Table- 2-7,
Note that the figur:'eu are given in micrograms/l (ug/l),

- These concentrations are relatively high, especially
for DDT,and they of.ten exceed mortality level thresholds for some
aquatic organisms (U. S. Environmental Protection Agency, 1976),
These data require .dditional veri:ieation, s’!nee as pointed out

by Ramasundaram et _l, (1979), water pesticide analyses are



easily contaminated. and. the methods have not yet been standard=

ized in the country,

IMPACT ANALYSIS

Water Quality of the Proposed Reservoirs

Thermal Stratification ~ Large, standing bodies of

water comparable to the reservoirs proposed for comstruction in
the project area would be expected to exhibit a thermal 'stratie~
fication batween the surface and bottom waters, Thermal
stratification occurs as surface-waters are-warmed'by-solar
radia-tion with the result that warm, lighter water forms a .
layer over deeper, cooler and denser segments of a reservoir,
This creates thermal and density gradients from the top to the .
bottom of the reservo:.r which inhibit mixing between fhe .upper

and lower waters.

Typically, temperate lakes exposed to extreme varia=
tions in climate -exhibit & sharply -delineated thermal stratifi-
cation with summer surface temperatures of 20 = 25°C and bottom

'témperamres of on1y4°c.' Howevef,—in these lakes, the seasomnal
climatic changes produce uniform surface snd bottom temperatures
‘which equalize respective water .densities and enable winds to

more or less thoroughly. mix upper and lower reservoir layers,
This mixing or "overturn -may occur ouce or twice amnnually and

sometimes more frequen tly, -

On the other hand tropical lakes usually ‘exhibit
veak Vettical temperature gradients and little seasonal chauge
of tempeumre at any depth, However, even thermal differences

" of a few degrees centigrade in .a tropical lake are capable of

cmsing the formation of- stable demsity layers which can persist.
throughout the yeat.. This has been observed for most .of the
man-made lakes in southern India (Ganapati, 1972, 1973). Over-
turns are irregular events, aud deep tropical lakes, like the
proposed Kotmale, Victoria and Rendenigala Beserveirs, usually



undergo only partial mixing of the 1qwen.. ‘layers uanless a storm
occurs with exceptionally high wind velocities. However, the
relat:ively short hydraulic retent:.on times for the proposed
reservoirs combined with the susonally high winds in the pro=
ject area will probably result in one or mcre complete tmrmovers
for the shallower reservoirs '('Mpragahek.a_n_d'a.. Rotelavqala, Ulhiti=

ya Oya and Maduru Oya).

Temperat:ui:e data from the man-made lakes in southern
India reveal ﬁhac surface temperatures range from 24-33°c_' and.
bottom temperatures from 22 to 30% (Gaea‘peti, 1973). The
vertical differences vary from 0.3 to 6.6°C.. These differ=-
ences are sufficient to cause st;ratifieation because the change
in tieusit:y for. a temperature difference of 1°C between 29° and )

30°C is 2=3 times as great as that for the same difference in

temperature between 14° and. 15°C...

Surface temperatures.. for.~the broﬁcsed reservoirs
weuld be expected to be.similar tq those found in. the man=made
lakes: of southernm Iudia. This io general agreement with the
existing tanks in Sri. Lanka (Table 2-2). Stratification
patterns will also be simifar to the Indiam reservoirs, . although
because of the great depth of the up=country: reservoirs bottom.
temperat:ures im thqse lakes will probabl_y' be somewhat lower,

Chemical Stratification = In addition to thermal
stratification, the proposed reservoirs will exhibit vertical
chemical strat:ificar.ion as well, The main parameter of conceran
is dissolved oxygen. Oxygen levels in the uppermost layer of
the ‘reservoir should be relatively.higlll due to the contact of
surface waters with the atmosphere and because of the photo=
synthetic abf:iw;ity of free=floating algae. Oxygen is an eund
ptoduct of photosynthesis and is relea.sed by algae :l.nto the
water. : On the other hand, oxygeu concentrations in water
below the upper layer will decline significantly. This will
be due to two primeipal factors.' One is that as depth in=

creases in the reservoir, the effectiveness of sunlight pene=-

2-10
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tration decreases rapidly. This limits photosynthesis act=
ivity, and thus oxygen releases, to a zome of water relatively
close tc surface, Second the chemical process involving the
decompcsition of organic matter, especially algae, as it settles
to the bottom of the reservoir, consumes oxygen, = These chemical
processes will occur at a faster rate in tropical reservoirs in
comparison to temperate ones; because at the mcpected bottcm
temperatures of the proposed reservoirs (roughly 20-30 c), the

| rate of biochemical reactions will be 4=9 times greater than in
‘a temperate Teservoir which will have a deep water temperature
of 4°=10°C (Ganapati, .4.97?).

As time passes, continuous decomposition activity
depletes dissolved oxygen in the'lower layers of a reservoir.' ‘
Overturns will annually replenish oxygen throughout a. Teservoir
due to turbulent mixing and exposure to the atmosphere. However,
if partial overturns occur for the deeper reaervo:.rs, the bot=
tom waters may have very low oxygeun concentrations for lomg

peri ods of time.

In the southern India lakes, oxygen concentration it
~ the surface waters are usually high, ranging from 3. 5t 8.8
mg/1. (Gan .apati 1972). However, the bottom layers exhibit
considerable depletion in a11 of the reservoi::s,——especially
in the. summer months when oxygen levels may drop to less them“
1l mg/l. These reservoirs range in depth from 9 to 43 meters,

Similar oxygen gradients would be expected to occur
within the proposed project area reservoirs. The upper zome
of higher oxygen comeentration may be extended slightly down=
ward in the lower cr dewnstream part of the reservoir, This '
may occur since turbidity causing sediments will settle in the
upstream roaches of the reservoir; thus permitting deeper light
penetration and a corresponding expansion of the area of photo=
syathetic activity, Consequently, the proposed reservoirs
would be expected to have.oxygen concentrations of between 5 to
10 mg/1 occurring in surface waters and down to a level of
roﬁghly 10-15 meters of w;ter. Below this pcint, dissclved

2=11
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oxygen will be reduced and may fall to less than 1 mg/l at the
bottom of the reservoir, particularly during the dry season.

The virtual absence of dissolved oxygen from the
‘deeper pcrticns of a reservcir will result in the formation cf
reduced chemical ccmpounds such as odor-causing hydrogen sulfide
and ammonia. These substances will be formed mainly from tha
leaching of organic sediments which Hava-accumulated onm.the
bottom of the reservoir; Thus, these compounds would be
expected to appear in higher concentrations. near the bottom '
with a diminishing gradient formed as the oxygenated surface

layers are approached..

For most fish species and other aquatic life, expo=-
sure to. less than l mg/l of dissolved oxygen amnd/or to even small
—gmounts of hydrogen sulfide and other reduced substances, .
results in mortality or at least. stromg avoidance behavicr.
Thus, most aquatic organisms, especially fish species, which

" are present im the reservoir will find suitable habitat con=
" ditions im only the upper layer near the surface.; Only the moze

toleraht'speciea will inhabit the .deeper reserwoir. waters.,

Downstream Reservoir Releases = The quality of the
immediaqa downstream releases will be depencent upon the water
. quality conditions within the reservoir and' in particular, at
the depths. whnre the intake release structures will be located.,
Due to the anticipated nature of the thermal and chemical stra-
tification of the proposed reservoirs, ‘water released from the
surface over the spillways should.be of relatively high quality,
i.e. well oxygenated and buffered,

On the other hand, water-feleased frem lower levels
of the reservoirs will be of comparaéively poor quality., Oxygen
concentrations may be very low and reduced substances such as
hydrogen sulfide will be present. Water of this nature usually
has a dark color, and often an objectionable odor; it may also
be harmful to aquatic life.

2 =12
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, lue to head requirementa for power generatiom, it is
expected that water will be released from lower levels of most

) reserv.irs, Thys, relatively-poor quality water will occur
below the dams.. -However. because of the high gradient, torren=
tial nature cf the rivers, water released from the dams should
be reaerated, and quelity improved within a short distance
downatream.

 Level of Productivity = The degree of prodnction

of organic matter within the reservoir ecosystems will be
largely dependent upon the availability of nutrient salts to
aquatic plants end especially to floating or attached algae,:
The level of productivity can affect water quality conditions
throughout 8 reservoir including the rate of axygen depletion
in deeper waters, Higher production implies increased de=
composition rates as algae die off, and thus a.more rapid
reduction of oxygen concentration occurs,

In the filling stage of the reservoirs a large
amount of nutrients will be available from tcpsoil leftover
vegetation or ashes rema:.ning after clearing and burning,
Thus, in the first few years of reservoir operetiona a.lgae.
growth would be expected to be very high.

‘I‘yoioally, most reservoirs, espeeinlly warm tropical
‘omes, will be highly productive during the initial 4 or 5 years
of operation, Following this period, the proposed reservoirs
would be’ expected to exhibit a decline in production levels as
“the nutrients available from the inundated land settle to the
bottom aud are prevented from recirculation by density stratie
fication.‘ Consequently, the deeper up=country reservoirs
which are likely to undergo ouly partial overturns will lose a
substantial amount of their nutrients tc the bottom sediments,
Thus, these.reservoirs will _probably be less productive than
the ahnllow. lw-country Teservoirs where mcre complete over=
turns are gxpected shich will replenish the surface water
with nutrient selts needed for algae produotion.

2=13



‘Fcllowing the initial years of high photosynthetic
activity, produc.tivity in a reservoit'usually levels off and
therec: ter depends upon the supply of nutrients, and in parti-
cular phosphates, which are recycIed from sediments or which
. enter frcm cutgide sources, Phosphates and.other mitrients
enter a reservoir ffom teaching cf natural minerals, direct
absorpt:ion from the- atmosphere,. rainfalll, human and animal
waste disposal and from runcff through fertilized cropland

and pastures.

* The available data are too limited ‘to accurately-
predict nutrient loadings for' the proposed reservoirs, The
f,ew'phcsphate Treadings frcm the project area waters: indicate
that nutrient salt concentraticns are relatively lcw, althcugh
sufficient to stim.lgte algae growth, Observatioms of dense
. algae blooms oun many of the existing tanks in the region '
indicate that nutrient supplies are relatively high in scme
localities.

, ALL Tof the proposed ré's'érvoii'e' will act as nutrient
(and sediment) t:fapa‘. retaininé'nuérieﬁt;' which wculd normally
.reach dowmstream areas. Due to the sequentlal arrangement of
the resei'w'roi'rs-, a progressive dcwnstream reduction in the river
supply of wutrients will occur. Thus, downstream reservoirs
will have tc rely to a large extent upcu nutrient inflow from
their individiial catchment areas, 'This may be particularly
evident for the Randenigala Reservoir, since the Victoria Reser=
. voir will prevent: Tiver nutrients f'rmn reaching it. However,
1f withdrawals from the Victoria Reservoir are near the bottom
of the lake, then some of the nnt:rienta trapped cn .the bottom
may be released into the Raudenignla Reservoir and thus increase
its fertility. A similar series of events may occur below the
Raudenigala Reservoir and the Ulhitiya Oya Reservoir in relation
to the oucrient supplies to the further downstream reservoirs..

.. An additional source of mutrient salts will be avail=

able .to the prcposed reservoirs because of the anticipated anmual
drawdown of the water levels, This will expose inshore sediments,

2-= .14



" leaf litter and other orgamic debris which will oxidize !

due to atmospheric contact. The snsuing inundation of the
exposec drawdown zome will then provide nutrient salts in a
form suitable for algae usage. If drawdowns are of a suffi-
.clent length of time, terrestial herbs may take root; when the
area is re-inundated the ‘decomposition of this pr ZTassy vegeta-
tion will provide further uutrients ‘to the reservoir., Similare
ly, en important source of nutrients are those as-imilated from
dung originating from grazing auimals along the shorelines or
even within the.drawdown zomes of the reservoirs. This is
obvicusly one of the mest significant nutrient sources for
many of the existing tanks in the. prcject aTea.

';s‘uumazy. of Anticipated Reservoir Water Quality = All

of the proposed reservoirs are expected to undergo vertical
thermal and chemical srratifi-cation, with reduced oXygen levels

LR

ocouring in the bottom waters for some pert of the year. The
reservoirs will probably cverturn once or more annually al=
though the deep reservoirs including Kotmale, Victoria and
Randenigala will not have the thorough surface to bottom mixe
ing expected in the shallow, low=country Teservoirs, The
latter, due to increased nutrient availability through re~
cyclint and drawdown should be more productive than the deep

renervoirs.

Impacts Related to Irrigatiom Use

Quality of initial Sources = The quality of the
initial irrigation supply sources includirg the new propoced
reservoirs end the upstream river sectiona should remain high=
ly suitable for irrigation purposes, 'l‘hey are not expected
to undergo any significant water quality changes which would
alter their value for in'igation usage. " These waters, due to
their .very low mineral content, could cause some soil permeabie
lity problems,. elthough impacts of this nature are likg].y 10 be
very localized, High iron content of these waters could slso
be detrimental to crop' ylelds, but further investigations will
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be necessary to clearly identify irom levels since this metal
forms meny complexes with other. icus.

Effects cn Major- Tanks = Likewise, the major tanks

in the prcject aree, including Parakrama Scrudra, Minneriya,
Kaudulla and Kantalai should maintain suitable quality for
irrigation., The quality in these tanks shculd imprcve slightly
due to the incren.se in the water. volumes which will pass through
them (Table 2-8). . This will tend to dilute salinity concentra=
tions in the tanks. According to NEDECO (1979) ANNEX B, ncne
of these tanks sgcuid receive appreci,aible,, return flows from
upstream irrigaticn systems. This.will tend to preserve the

' - present high quality in these tanks.

Effects cn~Medium Tanks = Gemerally, the medium and

smaller sized tanks within the project area are expected to con=
‘tinue. as ‘high quality sources for. i:_r'ri'gation of their commaund

areas,.

Hcwever, some degradation of the water. quality in
the- downst:emn tanks such: as Punai, Vakaneri and Allai may
cccur, particuarly during dry season mouths, as return flows
from upstream arrigatiom systems enter them. The return flows
undergo a progressive downstrecam accumilation of salts which
may result inm am increase in. the overall 'solids content im
these tamks, The salinity im Loth the Vakaneri and-Allai

Tanks is already relatively high, However, the data to
;pp?r&th;l.s are limited, ‘and,’ inr any-event, a substantial
increase in salt concentraticns would: be necessary to inhibit
their effectiveness as irrigation supply scurces.

Returr Flow Reuse = In a few localized areas water

quality im return flows may deteriorate significontly, prevent—
ing their imediat:e _reuse for irrigation. This may ocaur where
salt accumulates due tu improper draimage or in areas, where
sodic sube=scils exist which, when irrigated, release sodium

into drainage waters. However, in most cf the project area,
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adequate drainage and the flushing action of heavy raiums during
the wet season should prevent salt build=up inm the soils or

high sccium prcblems.

-~

A detailed water quality study of the irrigation and
drainage water.within the recently implemented System H is near=
ing completion, The study is being conducted as a ccmbined
effort of the chemistry department of the Colombo University
Campus and the UNESCO Man and the Biosphere program, The data
produced from this work when available, will Provide a base
for the evaluation ir:lgation Teuse problems in the project

area,

I_zgzacts of Salinitz Intrusion = " There is no availe

able infcmatimdescribing the nature and extent of tidal intru=
sions in the lower Maduru Oya and Mahaweli Ganga est:.lar:les.. -
However, it'is anticipated that the proposed water regulation-

‘ scheme will result in an alteraticm of downstream dry seascn
flows. The planned anmual diversion of water from the Mahaweli
Genga and the ‘Maduru Oya is likely to result in a slgnifiean't
Teduction of dry season river flows with a ccrresponding ine "

crease in the extent of the tidal wedges,

Increased salt ccncentrations :I.n the already highly
sa_line ‘lower river sectiomns would prcbably ‘'make these waters
unsuitable for irrigation use. More impertantly, perhaps,
the salinity levels in the adjacent groundwater could increase
end result eventually in salinity accumulations in the soils
in the downstream areas neéar the mouths of the rivers. Both
of these areas presently have fairly extensive paddy cultiva-
tion operations, Increased soil salinities could reduce rice
ylelds in these fields. This could be particularly signifi=-
cant in the mouth of the Maduru Oya if the irrigation supply
from the Vakaneri Tank were tc increase in salinity from up=
Stream return flowa.” .. Thus, high salinity irrigation water
would be applied to saline soils, further reducing crop
output.
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Effects of Altered Nutrient Supplies

Nu Eignt Loading on Hajor Tanks = The exzsting maj or

1rrigaticn tanks, Parzkrama Semudra, Mimmeriya, Keudulla and
Rentalei, will undergo significant changes in water balance
with the implementatioh- of the Accelerated:Scheme. ' The exist=
ing and proposed morpholcgical and operational characteristics
of. thase. tanks are presently in Table 2-8,. Althcugh the high
and low water levels will not differ appreczably from the exist=
~ing ones, the amcunt. of inflow and ocutflow for the t:anks will

\,,"' .'_ -~ ;-_‘ O -

increase significan tly.

In order to ev'aluei:e.—thef tt;xiﬁact on the potential
change in eutrc;:hiz;tion of the ~tanks", a sensitivity analysis
was made using the nutrient loading model derived by Vollen=
weider (1973). This simplistic model has been used smccessfully
cn mauy reservcirs for determining thSphorous loading levels
-which, when exceeded may result in undesirable euntrophic. con=
ditions (1.e. algae bloom, aquatic weed prolificaticti'and
deteriorated water quality). Vclleuweider empirically" defined
"'-:"crangerous" loading tolerance levels based on enccuntered.
Tanges of mean rese:voir ‘depths’ aud hydrsulic retenticn times.
The derived fomla for. the dangerous level of phosphorous
.J.oading is+ - ) ;

L = 0022 _ +0.30

' v

" where L.= phosphofous loading, in 'g/nizkyf,
Z = mean depth (volume * area of the lake), and.
Tw = hydraulic retention time (lake volume = OUthW volume).

Absolute values for e:d.sting phosphorcus loadings cun
the tanks capnot be made due to the paxcity of data. However,
the Vollenweider model can give an 1ndicat:lon of the effect om
phosphorous .loading due to the proposed changes in inflow~cutflow
volumes fcr the tanks, .For each tank,' the hydraulic retention
time will decrease, i..'e..the flushing rate will ivcrease. The
resulting effect on phosphorbua lcading will, in each case,
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be te lessen the effect of the present danger levels (Table
2-8); Thus, the proposed alteraticms in tank ocperations to
meet I~creased iriigation demands are unlikely to adversely
affect the potential for increased eu trophication of these
lakes: In fact, the lncreaéed flow through volumes of water
should decrease potential eutrophication rates slightly for

- e o m—— e

most cf the: tanks.

Effects of Return Flcw Nutrients cn Smaller Tauks
and Villug - Unlike the majcr irrigation tanks in the project
area, many smaller tanks aud especially villus are expected to
‘Teceive relati#ely lafge amounts of nutrient salts from
irrigation drainage waters. The irrigation return flows
will contain high nutrient.levels due to the fertilizer runoff
from paddy and otker c:bps, This will probably result inm a
significant increase in eu;:rophic éonditicns for memy small 3
tsuks and most villus.: 4lgae blooms and an o%erall degrada--j
tion of cxis:ing water Quality is likely to cccur in these ‘

water bodies,

lggacts on Estuaries = The constructzon cf a seriex

cof large reservoirs om the maianstream Mahaweli Ganga and Maduru
Oya will result in a significant reduction of nutrienis which
normally reach the estuarine portions of these two rivers.

The reservcirs will act as effective nutrient trhps. On the
other hand, irrigation return flows are likely to comtribute
nutrient salts to the rivers which will be carried dewn to the
estuardes.  However, these will be inorganic nutrients- much
of the organic nutrients will remain in the upstream reservoir

'sediments.

- The net effect may be an increase in inmorgamic
nutrient salts which could stimulate algae Slogms and a loss
of ergauic nutrients which play a separate rolé in the estua=
rine food web, This, combined with a change in river flows,
will result in an overall alteration of the organic producticn
anc energy cycles of the estuarine ecosystems. Normally,
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changes in the nutrient balance and cycling patterns in estuaries
have a detrimental effect cn aquatic life, especially fish and
shrimp “species which utilize estuaries as breeding ot nursery

grounds,

Impacts cn Livesteck Use/Aquatic Life Standards

Most cf the effects due to water quality changes as
they pertain to aquatic life have been:discussed in prior sec=
tions or will be éovleréd in the chapter on FISHERIES.. " Hcwever,
one' particuler ‘sericus: potential impact on ‘aquatfc life mot
previously mentioned is the likely increase of pesticide
levels in project area waters receiving agricultural runcff.
The proposed largé scale cultivaticn.schemes will require con=
siderable pesticide use tc enhance crop yields, Organochlorine
pesticide. levels may already be relatively high in project area
waters‘.:. An. increase in these pdsticide: concentrations in
tanks, villus, rivers and estuaries may have significant
adverse impacts on fishery resources and other aquatic life.
—Impacts of this nature are often exacerbated by the contiauocus |
accurulation of pesticide residues. in the tissues of aquatic
organisms; '

/

Similarly, an increase in pesticide concentrations
in project area surface waters, especially in villus, could
limit their use for livestock consumption. In additicm,
increased tidal intrusicn msy render scme downstream river
sections. and groundwaters unsuitable for livestcck drinking
-purposes... In gener.."al, however, water quality alterations in

the prcject area waters are nct expected tc significantly reduce

liveatock usage.

Impacts on Domestic Use

Surface waters in the project area, including thecse
in the proposed irrigaticn and drainage systems, should remain
suitable for swimming, bathing, clothes washing and relatec

dcmaestic uses.‘ However, the use for bathing and swimming

2~ 20
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will depend upon the provision of adequate human waste disposal
systems., Withcut them, it is likely that contamination of the
 surfoce waters with human wastes will occ;r and thus increase
the putential for the sprea. of various’ waterborne diseases
(See the chapter on PUBLIC HEALTH for further details): In
addition, it is unlikely that.su:face water in the.project area
will be suitable fofﬁhumau consumption, especially the return
flows from irrigation. use, since these waters will have higﬁ
pesticide concentrations and elevated nitrate levels which can
cause serious, and occasionally fatal, poisoning of infonts due

to methemoglobinemia.-.

The latter problem may also arise in existing wells
‘which are downstream from irrigated crop lands, Percolation
into the aquifers of irrigation waters can result in high
levels of pesticides, nitrate and other toxic substances _:.
appearing in wells which are used as drinking water supplies;
Salinity may also increase to unpalatable levels in grounde«-
water via the same fransport.mnchanisuu These should be rela=
tively isolated impacts, although potentially significant oues,
especially where present wells already exhibit ccmpérgtivelyis
poor water quality conditions (Table 2-3),

'd

RECOMMENDED ACTIONS .
e —————

Progosed Reservoirs

‘There is littlg whtcﬁ cen be dome to prevent-or Sige
nificantly improve the poor water quality conditions which are
anticipated, due to st:#tification,’for the deeper parts of the
Teservoirs. Artificial reaeration of the bottom layers of
reservoirs with gréat depths.would be impractical amd would
not be economically feasible,

Immediate downstream releases from’ the. proposed
Teservoirs are also expected to be of low quality. The quality
of these releases could be improved by means of installation of
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mlti~level towars for reservoir outlet releases; however, the
hydro=power requiremeunts of.the"prdpcsed reservoirs preclude
use o7 these type cf towers. As stated atove, the release
water should be reaerated by the natural steep river bed
gradieuts. Hcwever, this may not occur for all of the
proposed reservoirs. In the latter case, it may be advisable
tc install an artificial reaeratiom device, such as a baffle
system, dcwnstream from a dam which would facilitate oxygena=
tion of the water through atmospheric contact., The need for
this type of structure can be further investigated following

ccmmencement of operations at the’ reservoirs.

- e -

the productivity of some downstream reservoirs may be diminish=
ed by a reduced nutrient supply. Tc ingregge.potential
productivity of the reservoirs, cattle grazing should be
enccuraged om the.shorelines and within the drawdown zones
-of . the proposed lakes, Lake productivities can -be further
enhanced by’ seeding the drawdown areas with fast growing herbs,
which will prcduce a large amount of organic.detritus following
‘re-inundation.. Productivity can also be increased by the
introduction of sewage or cther organic wastes or possibly

‘by meaus of an artificial upwelling pump.

~-

Quality of Water for Irrigation Use’

Soil salinity, permeabilfty and perhaps cven toxi=

city problems (high iron levels) may occur due to the quality
of the irrigation or reuse water in some lccalized cultivation

areasr - .Yield reductions which result from these kinds of
problems canm be minimized by altering cultivation or irtiga=-
tion practices, This could include.scme of the following :

= more frequent irrigatiom tc maintain better water
availability in the upper rcot zcne;

= improved drainsge cf surface and sub=surface

waters',
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- use of more salt tclerant crops;
= change cf irrigation method;

- improvement cf the slope or level of land to

allow for more uniform water applicaticn;

- determination of leaching requirements and use

of extra water for adequate leaching;

= alteration of seeding patterns, fertilizer

applications, etc;;'
- change of_blend water supplies; and

= addition of chemicals such as gypsum, sulphuric
acid and sulphur dioxide to irrigation water to

improve the sodium tc caleium ratic,

Conservation Flows

It is reccmmended that dry season conservation flows
be maintalned in both the Mahaweli Ganga and Maduru Oya tc limit
. salinity intrusion near the mouths of these rivers, At present,
it is uncertain what the dry season flows will be in the rivers
'followiﬁg reservoir construction and diversions for irrigation
use; aeturn flows will contribute to the dry season river
discharges, but the amount of water which may return to the
river systems after irrigation application is estimated at from
20 to 30 per cent (NEDECO ANNEX B, 1979). Thus, releases from
_the proposed reservoirs may be necessary to cugment the dry

-season flows.

In eddition to controlling tidal intrusion, the con=

servation flows will also prcvide the following benefits :

- prevention of the formaticn of isolated pccls
in the river bed which are prime anopheline mos-
quito breeding habitats;

- dilutiocn of saline return flows; and

- maintenance of riverine habitats for aquatic
life,
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It is recommended that a salinity intrusion study
be made of the existing tidal range in the lcwer Mahaweli Ganga
and Me_ iru Oya which.would include sagmpling for temperaturc and
electriZal conductivity or salinity in the estuaries. Samples
need to be collected in depth profile along an axis of the lcw=
er river beds at high and low water slack periods, fcr both .
spring and neap tides, and for various fresﬂwater discharges.
Once the extent of the present tidal wedges have been identified,

scme conservaticn flow recommendaticns can then be formulated,

Festicides

The large proposed cultivation schemes may result
in a significant accumulation of pesticides in various receiv-
ing waters; This could have serious effégfs due ‘to“the cumula-
tive magnification of pesticides through the ford chain c¢n

fish, wildlife, cattleAand even local residents,

A strong reccmmendation is made here-to limit the use
of the persistent organochlorine pesticides throughout the
project area: Organcpheosphate pesticides degrade relatively
rapidly, and thus, their hazardous effects are ccusiderably
less .than ;ﬁdse of the organochlorine varieties, Organophos=
phate pesticides should be employed where possible and, if
nccessary, the use ofvorganochloring pesticides should be

strictly controlled.

Water Quality Moniﬁoring Program

It is recommended that a multipurpose water.quality

monitoring program be implemented fd; the project area,

This program should include repeated sampling within
the project area to establish mcre reliable haseline-data on existing
conditions, especially as they pertain to agricultural use.
In this regard, detailed studies should be made of the present
irrigaticn systems; These studies can provide clues to the
quality of return flows which can be expected from planned
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ir‘rigation in the are'a.'

Once cult:l:nticn programs are'underway, meni toring
"should be made of inigation supplies and return flows tc
identify potential salinity, sodium cr toxicity problems,
'I'hese problems can then be ameliorated by changes in warious
ir::.gat:ion or management: practices to improve crop yields,
Also, proper fertilizer and pegticide application rates and

techniques can be inveétigatad.'

The monitoring ﬁrogram shculd also investigate
downstream reservoir releases to determine the meed for
installation of reaera.tion devices. Nutrient analyses should
also be concducted amd product:z.vity evaluated for tha proposed
Teservoirs in order to determine the need for nutrient enrich=
ment of these wataer bodie.*_:.

Monitoriug should be extended to include analyses:
of domestic use sources, including potable waters, .. Close
surveillance should be maintained for coliform bacieria, nite-
Tates, pesticides and other toxic substances which Jmay enter-
grouncwatar supplies £ollcwing implementation of irriga:ion -
systems and settlement.z. '

At presént, ‘there is mo governmental ageucy uhir:h is
conducting a.water qua.licy sampling program in the Acceleratad
Program Area. Labora:ory facilities are limited, either by
staffing or equipmant. A new laboratory will be necessary to
conduct the proposed monitoring program., It is suggestad that
this laboratory be combined with a soils laboratory and
centrally located with:.n the projact area. The laboratory
could be directed through the Irrigation Department, Central
Agricultural Research Canter, Water Resources Board oT other
government agencies.
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Table 2 - 9

Water Quality froms the Project Area

Rivers and Streams

E ' ng/1 neq/1 /1 a3 rgri,
A 1

e ] UUQ
Sawple g Te=- D.0. Hard. T =5 Tort. B P Ca FKg M K CO,HCO, C1 SO, KO;WRyFO, RSC SAR SAR Class  Coreents
Locatiocn Date @ °C wg/l P umg/) E.C.mg/d g/ UMY ‘ 3
¥akaeeli Ganga None [ 6.8 10 15 10.5* 14,5 0.17 c1
at Cinigathena
Pahaweli Cangs 10/79 11 4.3 7.8 7.6 32 ct
at Ginjgatbhena
Mahcweli Canga 10/79 11 23.5 7.0 7.1 30 c1
at Ulapane
Fahaweli Ganga at s/18 9 7.0 13 » 24 25.5 5.0 0,22° 0,23 T 0.08 ct High Pe
Peradeniys
Eshaweli Ganga at 419 S 7.6 33 T8 53 8 0.6 0,80* 0,23 T - M
Feradeniys
Fehaveli Gangs Hone 6 6.8 15 20 14- 26+ 0.114 1
at Catendbe
Fakawsli Canza st 11/60 4 1.6 35 0.15* 0.14 0.13 0.51 c1.31
Primrose Hilla
Mahaweli Cangs st t2/60 1 1.7 50 (]
Primrose Hills
Fahaweli Canga at /6% 1 7.5 60 ct
Primrose Hills
Fakaweli Ganga at 3/6t 4 7.4 55 ¢
Frimrcuse Fills
Fahoweli Ganga at 4/6v 1 6.9 35 c1
Primrose Hille
Mabaweli Ganga at 5/61 1 1.6 35 ot
Primsrose Hills
Pzhavell Ganza at 6/61 1 7.3 30 0.3¢ 0.08 0.03 0.19 c1-51
Primrose Hille
Mahawveli Cangs at /61 1 1.0 40 0.25 0.11 0.02 0.3t 131
Priarose Hills
Mehaweli Cangs s/19 9 6.2 25 1S T4 64 1.6 0.72* 0.39 ? 0,13 ct Low pH,
at Polgolla High Fe
Pahaweli Ganga 6/19 9 1.2 45 30 20 0.4 0.40* 0,28 r - ct
et Polgolla
Fabaweli Canga 719 9 7.4 12 52 34 15 1.2 0.40* 0,23 T 0.55 C1  Bigh N,
at Folgolls
Mahawell Canga at s/19 9 7.0 20 45 30 8 0.7 0.16* 0.34 T - ct
Ukuwels Power Outlet .
Mahoweli Ganga at 11/79 11 24,5 8.0 6.8 60 0.35 0.13 0.12 0.61 0.13 0.24 0.10 C1-81

Victoria Daa 3ite
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Table 2 - 1

(Coatinued)
ng/1 meq/1 /1  Agri.
f A
Sample Temp, D.O. Pard,, T8 S&  Turb. As B Pe Ca Mg Fa K o, BCO, C1 50, NO, NE, PO, RSC SAR SAR Clads Comsents
Locatiom Date @ Yy ag/1 pH mg/1 B.C. mg/1l mg/1l ITU 3773 s 705 ¥E; PO,
Fahaveli Ganga 1W/19 11 26 7.1 1.0 95 0.53 0.22 0.15 - 1,15 0.40 0.24 0.24 C1-Si
at Mahiyangane
" Mabaweli Canga 4/ 7 8.0 50 181* 127* 110 <0.,02 0.20 2 0.85 0.16 0.65% - 1.29 0,28 4 | 0.04 0,28 0.91 1.00 C1-S1 High Fe
at Manawpitiya .
Nahaweli Canga 1M/19 11 28 7T.2 6.8 90 0.53 0.22 0.21 - 0,94 0.19 0.34 0.27 C1-S1
at Manampitiya
Mshaveli Ganga /19 11 30 54 1.0 132 0.66 0.34 0.22 - 1.35 0.35 0.31 0,34 Ci-S)
near Chundankadu
Fahaveli Ganga 1/19 11 29.5 5.4 7.0 2120 1,23 13.2 - 1.8 €3  High BCO_,
at Nutur salinity
Mataveli Ganga-East 11/73 11 29 5.7 6.9 107 0.5 0.20 0,18 - 1.5 0.45 0.30 0.27 C1-S%
Fork at Verugal
Kotmsle Oya at 3/63 7 7.2 14 40 35 3% 45 0.24 0.17 T 0.0 (]
Dam site
Eotmale Oya at 6/63 1 7.2 10 25 25 20 10 0.20 0.17 T 0.00 c1
Dam aite
Fotmale Oya at 6/63 1 6.4 10 50 40 90 140 0.20 0.28 T 0.04 (] Low pH
Dam site :
Kotsale Oya at 3/70 1 7.2 50 22 20 e 1.2 0.16 0.17 T 0.26 (] Bigh Wi,
Dam site
Fotmale Oya st 9/1TT 1 1.2 9 18 117 - 0,0 0.08 0,23+ 0.16 0,20 3 - 0.T1 - €181
Dam site
Kotmale Oya at 12/11 1 6.7 10 19 13 0.3. 0.46 0.04 0,25 0.18 0.23 3 - 050 -~ C1-81
Dam aite
Yotmale Oya at 10/78 7 6.7 10 21 24 .05 0.12 0.07 o0.33+ 0.30 0.7 3 0.1t 1,00 - Ci1-S9
Dam site
Kotsale Oya at 10/79 1 22,5 8.2 1.0 32.5 c
Dam site
Kotsale Oya at Nons 6 7.1 10 15 10,5 9,5¢ 0.4 (]
Talawvakelle
lm-x. Oye at 10/79 11 21 8.6 7. 30 ¢
Talawakelle
Trib, to Kotmale Oya None 6 7.0 10 12 B.4* 11,6* 0,14 (4]
at Ramboda
Trib. to Kotsals Oya 1G6/79 11 20 8.2 7.0 16 (]
st Ramboda
Trib, to Fabaweli Canga None 6 7.0 10 40 .28* 16 : 0.17 ct
at Kt. Pleasent
Bulu Canga at 4/19 10 24.5 1.2 49 c1
Madulkele
2 -28
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Table 2 - ¢t

(Cont inued)
* e/l meq/1 ne/1 i Lpri,
5 Adj. Use
Sample 5 Tesp. D.O. Bard, TS . Turt. 4,5 p Pe Ca FKg N X Coy HCOy €1 SO, KO, ¥E, PO, BSC SAR SAR Class Corsents
Location Date o %" ug/Y pH =c/LE . wg/) 1375 T ¢y 37773 4 KOy N, 4
Hulu Ganga at Nope 6 7.0 25 40 28 20+ 0,20 c1
Teldeniyu .
¥a Oya at Hone 6 7.0 10 27 18.9* 13,1 0.23 cl
Bunasgiriya .
Furudu Oya 6/19 9 7.0 20 35 24 6 0.50 0.26* 0,17 T 0.04 1
at Yatusulla
Ulhitiya Oya resr 1N/19 1 21 1.4 1.2 158 0.84 0.31 0.46 - 1.73 0.58 0.6t 0.79 C1-31 nich HCO,
Belicalla
fcben Capga 11/60 7.4 7% 60 o.21* 0.17 0.09 0.52 c1-81
at Elehera
frtan Ganra 12/60 1.7 175 110 ¢
at Elahera
k=tan GCanca 1/61 1 1.7 170 105 (]
at Elehera
lctar Gengza 2/61 4 1.6 110 70 o.02* 0.17 0.05 1.08 c1-S1
at Elechers
&atsn Canga 3/61 1 5.0 200 125 ct Low g
at Elshers
Autan Canga 4/61 4 8,1 225 146 c1
at Elehera
Awban Carga s/61 1 8.0 200 25 cl
at Elahers
Axtan Ganga 6/6v 1 1.7 180 115 1.92" 0.31 0.04 0.32 c1-S1
at Zlahery
Artan Sanga 7/61 4 8.0 170 105 1.75° C.20 0.03 0.2t C1-S1
at Elahors
Aetan Cange 4/19 10 29 7.3 270 c2
at Elahera
Amben Gan-a 1/19 1 26 1.8 1.0 e2 0.52 0,24 0.14 - 0.98 0.22 0.23 0.21 C1-St
at Elahera
Amban Canga Hone 6 7.0 15 40 28% 24+ 0.14 c1
at Rattota
Amben Can:a 1972 4 100 1.00 c1-S1
at Rattota
Amban Canga 4/19 10 26 6.3 108 ¢t
at Rattota
Trib. to Axtan Canga ¢/T9 10 30.5 1.3 370 . c2
at Naula
2-29
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Tadble 2 -
{Coctinued)

ag/1 weq/1 /1 Agri.
g A43. Use
Saxple Temp. D.0, Hara, TS SS  Turb., s B Yo Ca Pg M2 X cc, Hco, €1 S0, NO, RE_ PO BSC SAR gSAR Class Compents
Location Date o =g/l M mg/lE.C. mg/1 wg/1 JTU- 373 4 %03 My PO
Maduru Oya "/ 21 1.5 1.2 82 0.40 0.19 0,34 - 1,03 0.44 0.63 0.57 C1-St
near Vagswatta
n.aur:.or- 419 1 7.8 23 136% g5= <5 (.02 0.10 10 0,30 0.16 o.e7" 1.29 0.28 2 0,08 0,83 1.81 1.45 C1-S1 High Fe
at = site
Maduru Oya at s/19 1 1.3 53 227 159 6 £.01 £0.10 0,16 0,62 0,44 1.42" 1.70 0.7 4 0.08 0.64 1.95 2.15 C1-S1 High L
Dam site
Maduru Oya at 11/79 11 29,5 S.4 7.4 300 0.92 0,42 0.76 - 1,77 0.43 0.93 1.21 C2-S1 High BCOy
Welikands
Raduru Oya at 1"/79 11 NS 7.1 6.9 1700 1.21 12,6 -1.73 €3  High HCO,,
Valaichchenai salinit,

* = Calculsted
T = Trace

+ = Combined values
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L2ty QurY ity fvom the Project

el 2 - 2

Tani:, Villus enéd Layoons

frca

=g/1 »eq/1 /1
Agri.
Sacple 3 Tem. 1.0, Bard. TISTur.S1 21 #s B Pe Ca Kg Ke K  CO, HCO, C1 S0, MO, PO AdJ, Use
Location Date o ag/t PH =g/l E.C. mg/1 JTU 3 3 4 73 T4 RSC SR 3AR Class  Cozments
Upear Lagoon 119 1 N Ta 1S 32430 3.29 ity
Cengsls Villu 1/79 11 29 3.7 6.7 "5 0.68 0.36 0,69 1.64 0.60 0.96 1.15 C1-S1 High HCO,
Karapols Villu uwMe N 5.7 6.7 260 0.84 0.42 1.00 1.56 0.3 1.26 1.51 C2-31 High BCO,
“utuzalla Villu  11/79 11 32 6.4 6.8 815 1.68 1.21 1.60 1.07 -  1.33 1.86 C3-S1 High salinity
Velankeds Villu 11/79 11 32 5.0 7.1 500 2.4E 1.80 1.40 0.41 5,27 0.99 0.96 2.11 C2-S1 High HCO,
Velanksda ¥illu 11/79 11 30 5.9 1.3 180 0.94 0.51 0.30 - 2,06 0.61 0.35 0.43 Ci-S1 High HCO,
Inlet Streas
Horabora Vewe 11/79 11 32 9.6 B.I 175 0.64 0.35 0.77 -  1.93 0.94 1.03 1.31 C1-31 Bigh RCO,
Giranduru ::;:- n/mm s 7.4 134 300 276 1.70 0.92 0.72 3.1 0,20 T ¥ 0,52 0.62 1.12 C2-S1 High HCO,
111ai Tank 11/79 11 30.5 4.7 7.7 525 0.90 0.42 0.63 -  1.85 0.53 0.78 1.01 C2-51 High HCOy
Pimburettawa Tank 5/79 7 7.0 ST  194%136° 1 £.01 0.0 ©0.08 0.72 0.41 1.06 1.70 0.48 1.5 0.04 0,57 1.41 1.55 C1-S1 High BCOy
Vekaneri Tank 11/79 11 33,5 11.0 8.4 425 0.79 0.39 1.20 - .73 0.55 1.56 1.87 C2-S1 High ECO,
Parskrama Sasudrs 11/60 1 1.9 190 120 0.42' o0.19 0.08 0.41 c1-81
Parakrema Sssudra 12/60 1 7.4 190 120 4]
Parakrams Sasudrs 1/61 o 7.4 190 120 ci
Parskrama Sssudrs 2/61 1.5 160 100 0.29* 0.26 0,05 0,68 c1-51
Parakrese Sasudra 3/61 1 1.9 180 112 c1
Parskrama Sasudra 4/61 1 8.0 190 120 (]
Parskrasa Semuwira S/61 o 7.7 200 125 c1
Parskresa Samwira 6/61 1 1.9 220 125 2.071* 0.45 0,07 0.44 c1
Parakrams Ssmudra 7/61 1 8.5 <25 146 2.22’ 0.40 0.06 0.38 c1
Parakramm Samudra 6/65 3 8,2 221 9.55 1,12 0.78 0.37 0.09 2.22 0,24 3.0 0.32 0.38 0.57 C1-S1 Averages of
a/66 1 yr sasples
Bigh HCOy
Parskrasa Sasudrs 12/65 3 175 (] Average
2/66
Parskrama Sasudrs 6/66 3 263 C2  Average
e/66
Parakresa Ssmvdrs 11/79 11 30 7.3 7.7 165 0,92 0.49 0,27 2.14 0.73 0.32 0.48 C1-S) .High HCOy
Parskrase Seauvira 5/64 2 8.1 225 6.50 0.02 0.02 1.06 0.84 0.38 0,06 2.25 0.36 0,02 0.35 0.99 0,62 C1-S1 Aversge of
Domitreen Irri- ' 1 yr samples
gation water High DCO’
2-2
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Table 2 - 2

(Continued)
-
i
. ue/1 £oq/1 »g/1
5 . Agri,
Ten, D.O, Bard, TS Turb 34 ) A B r ¢ N K co HCO, €1 S0, wo. FO Adj. Use
i:e'f:;u Date © 9, sg/) P mg/) K.C.eg/2 JTU * ¢ * e ° 3 3 4 3 4 RSC SAR SaR  Olass Gomments
limneriya Tank 11/60 1 8.4 250 160 1.08' 0.64 0.29 0.80 c2-81
Ninneriya Tapk 12/60 1 8.0 230 148 ct
{inneriya Tank 1/61 1 7.9 200 125 (]
Minneriya Tank 2/61 1 1.8 220 145 1,76 0.3t o.c7 0.33 c1-8t
finneriya Tank 3/61 1 7.6 250 160 c2
Winneriya Tank 461 7.9 250 160 . c2
Unneriya Tank s/6v 1 8.0 250 160 c2
Ainneriya Tank 6/61 1 8.1 250 160 2,19 1.33 ¢,16 1.27 c2-St
“inneriya Tank /60 1 8.3 250 160 2.25°* 1.20 0.14 1.13 c2-3Y
{inneriya Tank 8/6s 3 8.2 240 6.70 1,20 1,09 0,44 0.11 2.52 0.39 3.5 0.23 0.41 0.70 C1-Sf Aversge of
8/66 1 yr samples
Bigh HCO,
dinneriys Tank 12/65 3 191 (1] Average
2/66
{inneriys Tank 6/66 3 32 €2  Average
8/66
Yinneriys Tank 11/79 11 305 8.2 7.1 95 0.52 0.29 0.17 - 1.5 0.34 0.27 0.57 Ci1-St
Meneriya Tank s/64 2 8.0 212 6.35 0,05 0.04 1.11 1,13 o0.58 0.08 2.52 0,54 0,03 0.28 0.55 0.88 C€2-31 High BCO
Downstreas Irri- 3
gation water
" <audulla Tank "/ 11 29 63 1.2 155 0.81 0.45 0.3 1,69 0.35 0.38 0.49 C1-31 High BCO,
antalal Tank 8/65 3 8.0 218 4.80 0.68 0.2 0.43 0.13 - 1,97 0.45 4.0 0.26 0.47 0.66 C1-S) Average of
8/66 . 1 yr sasples
Righ BCO,
lantalat Tank 12/65 3 163 (]} Average
2/66
“antalaj Tank 6/66 3 266 €2  Aversge
/66 _ .
Ksatalsi Tenk 1119 1 32 1.7 6.9 162 0.73 0.5t 0.3 1.81 0.57 0.39 0.55 C1-S1 High Beo,
[

® = Calculated

‘= Trace
= Combined values
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Table 2 - 3
“ater Quality from the Project Area

Croundwater
1 1
Susple 5 Eard. s Turd, &/ mes/ e/ agri.
1 E.C. 1 1 I " 443. e
Location Date n M ne/ s/ Fe ca ¥g Ma K Hco, C1 S0, Mo, WA, RSC SAR SAR  Tlass Qlorsemts
Mahiyangane 6/79 9 6.8 225 150 16 1,0 3.60" 0.34 T c Eigh BCO_, Fe
Bore hole 3
Systes C 8/t B 8.4 423 2,42 2.50 0,88 0.07 5.26 0.49 0.36 0.5 1.29 C2-St Bigh tlco3
Vell §
”:,“ﬁﬁ 8/78 8 6.5 138 0.34 0.21 1.5 0.03 1.08 0,55 0.53 2,19 1,53 C1-31
| ]
Systea C 8/ B® 1.7 169 0.55 0.25 0,89 0.05 1.17 0.73 0.37 1.40 1,27 C1-81
Well 7
Systen C 8/ B8 1.% 176 0.32 0.69 0,71 0.10 0.78 1,03 - 1,00 0,80 C1-31
Well 8
s,:t;;c 8/ 8 1.6 14 0.3¢ 0,38 0,80 0,05 0,83 0.24 0.41 1,33 1.20 1}
o1l 9
Systea C 8/ 8 1.6 85 0.22 0,1 0.50 0.00 0.98 1,25 0.45 0,97 0,68 C1-81
Well 10
Snv:;:g 8/t 8 8.1 367 1.55 1.22 1,90 0,04 1.5 0.97 - 1.59 2.54 C2-81 Bigh HCOy
1
Systes C e/ 8 8.1 578 .02 1.08 1,70 0.03 6.65 1.03 4.55 1.66 3.32 c2-3% Yery high RSC; High
Vell 12 ) Adj, Sam, BCOy
Systea C 8/78 B8 7.4 104 0.53 0.06 0.46 0.00 .17 0.24 0.58 0.85 0.68 C1-S%
Well 13
Sy-t;-c 8/ 8 1.3 106 0.42 0.28 0.7 0.2 1.76 0.73 1.06 1,20 1.44 C1-S1 High HCO,
Vell 14 . :
Systes c6 8/ 8 8.1 176 0.55 0.62 1.10 0.02 2.35 0.49 1.18 1,44 2.02 C1-31 Bigh HCO,
Vell 1
s,.':;: $1 8/18 8 1.9 155 0.69 0.57 o0.58 0,02 1,78 0.73 0.52 0.73 0.95 C1-St Bigh HCOy
Sy-t: 1':0 &1’ 8 1.9 367 0.81 3,39 200 0.03 3.72 1.03 - 1,38 2,90 C2-S% High BCOy
We
Systes C 8/18 8 8.2 324 2,04 1.3t 0.75 0.05 3.72 0.97 0.37 0.58 1.16 C2-St High HCO,
Well 19
Systen C 8/ 8 1.4 190 0.64 1,06 0,49 0.2 2.32 0.97 0.62 0.5 0.80 Ct-39 Bigh HCO,
Wall 20
Systea C 8/18 8 1.8 310 0.76 1.23 1.0 0,04 3.33 0.85 1.34 1,80 3,06 C2-31 Bigh RSC, BCO,, A4J. SAR
¥ell 21
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Table 2 -3

(continued)
. e/l »ea/1 ne/1 Agri. '
Saspl £ Bard ™S S§ Turbt Adj,  Use
ampla . - LK c ts
Location Date ug: fi =g/l BR.C. mg/l mg/l ITU Fe Ca Fs Fa K hco} a 504 “03 “3 R3¢ SR SAR - Claes ~oemen
Systea C j/79 5 7.2 1€8 400 373 2.15 1.81 1.09 G.08 4.4 0.3 T - 0.45 0.7T7 1.62 C2-S% High ECO,
Well
Systea € 719 5 1.0 158 460 359 2,25 0,90 1.70 0.05 3.88 0.70 T - 0.73 1.35 2.70 C2-81  High HCO,
Vell 3
Syates C 719 S5 7.0 107 300 242 1,65 0,49 1,00 0,05 2.72 0.%4 T - 0,58 0,97 1.5 C2-S1 High HCO}
Yell 6
System C 7/19 5 6.8 1 250 163 1.00 0,82 0.e3 - 2.02 0.1 - - 0,20 0,87 1.31 cC2-S{ Righ HCG,
Vell 7
Systea C 7719 S T.4 150 370 310 1.%5 1.15 0.%6 - 3.33 0,28 24.0 - . 0.33 0.78 1.48 C2-31 High BCO,
Vell 11
Systes C 719 s 6.4 T2 180 156 .70 0,74 0.76 - 1.79 92.17 - - 0,35 0,92 1,29 C2-31 Hich HCO}. Low pH
Vell 12
Systen C /1 5 7.6 208 1600 1284 1.35 2,80 11,96 0,69 13,37 0.25 96.1 - 9.22 8.30 20,75 C3-82 VYery high RSC,AdJ. SAR,
Vell 14 nco’. salinity
System C 1/79 5 6.2 60 170 142 0.20 0.0 0.78 - 1.59 0.27 - - 0,39 1,00 1,21 C1-81 Bigh HCO}, Low pH
Vell 16
Systen C /71 5 6.4 60 200 182 .55 0.66 0.6 0,08 2.10 0.28 - - 0.89 1.23 1,60 C1-S% Righ BCO,, Low pH
Vell 17
Systes C 7/19 5 6.8 500 c2
dell 4
Systes C /19 S5 6.0 500 . c2 Low pH
Yell 10
Systea C /19 S 6.6 750 c3
Well 20 .
Systea C 719 5 6.6 570 c2
¥Well 22
Polonnaruwa None [3 8.1 300 600 420" 1i8* 0.10 0.82 T 0.0t c2
Vell
Polonnaruwe Mone 6 7.4 260 480 336 96* 0.65 c2
Vell
Kadurusela None 6 7.4 355 480 336" 96* 0.65 €2
Vell
Kaduruvela None 6 7.2 350 650 455° 35* 1.18 c2
Vell
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Table 2 - 3

(Continued)
=g/1 weq/1 ag/1 Agri. i
. ¥ X HCO 1 S0, no Sty oo
Sample w Bard, TS S8 Turb. Fo Ca Mg L c R3C -'SAR  SaAR Class Commenta
Location Date P wg/l B.C. mg/l we/2 PO 3 4 3 My
Eingurakgoda HNone 6 8.1 95 200 140* o* 0.3 (4]
Vell N
Hingurakgoda None 6 7.2 850 1500 1050 210+ 1.62 c3 High C1, High salinity
Vell
Bingurskgoda Nome 6 7.2 685 1700 1190% 280% 14,18 c2 Very high C1, High salinity
Vell .
Hingurakgoda 1572 4 500 0.20 c2-3t
Well
Kinneriyas 1972 & 300 0.80 c2-31t
Vell .
Dutch Point Kome 6 7.2 300 600 420* 5 2,14 c2
Vell
Trincomalee None ¢ 7.2 255 1250 B75* 65 6.32 c3 Righ €}, salinity
dell
Trincomslee None 6 8.2 825 7500 5750 4104 59.24 - Very high C1, salinity
Vell
Valichchenai None 6 7.7 s 350 245* 100* 0.87 c2
Well
Palameonpadu Nope 6§ 7.4 300 S00 350 g2+ 1.04 c2
Well}
Batticalos Kone 6 1.6 250 500 350+ 14°* 1.28 0.03 c2
Vell
Batticaloa Hone 6 7.8 650 5000 350Ce o* 17.96 )] Yery high C1, salinity
Vell
Kallady None 6 7.2 60 125 8g* 3@¢ 0.34 ]
Vell

* = Calculated

T = Trace
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SODIUM (ALKALI) HAZARD
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Table 2 - 5
Significance and Interpretation of Quality Class Ratings
Presented in Table 2 - 5 and for Residual Scdium Carbonate

- SALINTITY SCOIUM

Low-salinity water (Cl) can be used for Low=-sodium water (S1) can be used for
irrigation with most crops on most soils with irrigation of almost all soils with
little likelihood that soil salinity will little danger of the develomment of
develcp. Same leaching is required, but this hammful levels of exchangeable scdium.
occurs under nommal irrigation practices except However, sodium sensitive crops such as
in soils of extremely low permezbility. stone-fruit trees and avocados may

Medium-salinity water (C2) can be used if accumlate injuricus concentrations of
a mocerate amount of leaching occurs. Plants sodium,
with moderate salt tolerance can be grown in
most cases without special practices for Medium-sodium water (S2) will present an
salinity control. appreciable sodium hazard in fine-

textured soils having high ..on—exchange

Hich-salinity water (C3) cannot be used an capacity, especially under low—-leaching
soils with restricted drainace. Even with canditions, unless gypsum is present in
adequate drainage, special management for the soil. The water may be used an
salinity control may be required and plants coarse~-textured or organic soils with
with good salt tolerance should be selected. good permeability.

Verv hich salinity water (C4) is not suit- High-Sodium water (S3) may produce harme .
able for irrigation under ordinary conditions, ful levels of exchangeable scdium in

but may be used occassicnally under very most soils and will require special
special circumstances. The soils must be soil management-gocd drainage, high
pemeable, drainage must be adequate, irriga- leaching, and organic matter additiens.
tion water must be applied in excess to pro— Gypsiferous soils may not develop
vide considerable leaching, and very salt- hamful levels of exchangeable sodium
tolerant crops should be selected. fram such waters. Chemical amend-

ments may be required for replacement of
exchangeable sodium, except that
arerdments may not be feasible with
waters of very high salinity.

Very High Sodium Water (S4) is

generally unsatisfactery for irrigation

puarposes except at low and periodic mediur
' salinity, where the soluticn of

calcium i the soil or use of gypsum or

other amendments can make the use of

these waters feasible.

RESIDUAL SODIUM CARBONATE

Level (meg/l) Classification
< 1.25 Generally safe for irrigation use
1.25-2.50 Marginal for irrigation use )
> 2.50 Not suitable for irrigation purposes

Source : U.S. Department of Agriculture (1954)
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Table 2 - 6
Guidelines for the Interpretation of Water Quality for Irrigation.
Fram Ayers and Westcot (1976) for the FAO.

- Degree of Problem

Irrigaticon Problem No Increasing Severe
prcblem Prcblem Prcblem
Salinity
EC (micromhos/cm) < 750 750-3000 > 3000
Specific ion toxicity (affects sensitive crops)
Scadium (Adj. SAR) <3 3-9 > 9
Chloride (meg/1) <4 . 4=10 . >10
Boren (mg/1) <0.75 0.75-2.0 > 2.0
Miscellanequs effects (affects susceptible crops)
N03-N (or) NH4-N (mgy/1) <5 530 > 30
HOO, (meg/l) - overhead sprinkling . <1.5 1.5-8.5 > 8.5
pH Normal Range 6.5 - 8.4
Recamended maximum levels
For selected trace elements
Aluminium - Al (mg/1) 5.0
Arsenic - As (mg/l) ' 0.1
Iron - Fe (mg/l) 5.0 .

2 =37
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Table 2 - 7

Chlorinated Pesticide Residues in Project

Area Surface Waters

(Results are in micrograms ./liter)

BHC
- Aldrin  Dieldrin  (Total Endosulfan Total

Sample Location HCH) DoT
Mahaweli Ganga

at Victoria Dam Site 0.01 0.06 0.17 - 0.05
Mahaweli Ganga

at Mahiyangana 0.03 0.04 0.15 0.14 0.23
Mahaweli Ganga

at Manampitiya 0.01 - 0.13 - 0.07
Manaweli Ganga

ear Chundankadu 0.14 - 0.23 - 1.63
Mahaweli Ganga _

at Mutur 0.07 - 0.22 - 0.41
Mahaweli Ganga

East Fork at Verugal 0.06 - 0.21 - 0.34
Kotmale Oya

at Dam Site 0.02 0.04 0.21 0.06 0.47
Ulhitiya Oya

near peligalla 0.04 0.05 0.17 0.02 0.07
Maauru Oya

near Wagawatta - - 0.13 - 0.17
Maduru Oya

at Welikanda 0.04 0.20 0.16 - 0.20
Maduru Oya

at Valaichchenai 0.06 - 0.19 - 0.38
Upaar Lagoon 0.06 - 0.19 - 0.31
Gengala Villu 0.04 - 0.24 © 0,03 0.21
Karapola Villa 0.07 0.06 0.19 0.10 0. 38
Mutugalla Villu 0.12 0.13 0.19 - 0.22
Velankada Villu 0.02 = 0.20 - 0.14
Velankada Villu

Inlet Strea;p n.01 0.14 0.20 0.04 0.27
Horabora Wewa 0.02 0.04 0.17 0.07 0.06
Allal Tank 0.07 - 0.15 - 0.48
Vakaneri Tank 0.07 - 1.56 - 0.14
Parakrama Samudra 0.04 - 0.22 - 0.13
Minneriya Tank 0.04 0.03 0.17 - 0.25
Kaudulla Tank 0.02 - 0.18 : - 0.12
Kantalai Tank 0.06 - 0.23 - 0.53

Scurce: Samples were collected by TAMS in November, 1979 and analyzed by the

Central Agricultural Research Institute, Peradeniya.
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Table 2 -

8

Morphological and Operaticnal Alterations for Existing Major Tanks

JParakrama Samudra{Minne:iya Tank |.Kaumdulla Tank{ Kantalai Tank
Characteristics Pre~ "= | Pre= . Fu-.: |Pre—~ . .Fy-., . |Bres  TFu- l
kent ture sent ture (sent’ ~ twre |[sent " ture'.
High water level
Elevation (m) 58.5 58.5 93.7 93.7 |69.5 69.5 (56.9 56.9
Low water lewvel
Elevatian (m) 51.5 51.8 82.1 82.4 |64.0 64.3 |46.5 47.4
Elevation.
(m) 55.1 56.1 90.3 89.7 |66.9 65.9 |54.5 53.8
Mean Area.z
(Jam™) 15.0 17.6 17.0 15.8 }12.5 8.8 [13.7 12.1
Water Storage
(mem) 57 73 81 75 27 18 51 44
Level Mean Depth
(m) 3.8 4.1 4.8 4.7 2.2 2.0 3.7 3.6
Natural
Mean Inflow 26 26 61 61 21 21 69 69
Irrigation
Annual Return Flows 0 0 - 0 0 0 0 0
Tnflow Releases from
(mcm) upstream 123 197 480 604 157 306 109 184
source
Total
Inflow 149 222 541 665 178 327 178 253
Irrigation
Releases 145 213 143 149 173 322 164 245
Mean Releases to
Downstream
Tanks 0 0 392 504 0 0 e) 0
Annual Evaporation -
Evapo~-trans-
piration 6 6 6 6 6 5 5 5
Outflow Flood Spills o] o - 3 o) o) 9 2
(mam)
Total
Outflow 151 220 [+ 541 663 179 327 179 252
hydraulic Retention Time (yr) 10.38 0.33 0.15 0.11 [0.15 0.06 | 0.28 0.17
Dangerous Level of PhOSphOrous
Loading (gnvm2/yx) 0.52 0.57 0.70 1.24 |0.62 1.03 | 0.59 0.77
Scurce : NEDBCO (1979) Annex B
Vollemweider (1973)
v
2 - . ln}
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CHAPTER 3
FISHERIES

EXISTING CONDITIONS

Pish Fauna of Sri Lanka

There are about 60 species of fish found in fhe freshwater
" of Sri Lanka- (Munro, 1955; Fernando and Indrasena, 1969; Fernando,
1973), About half of these Species are cyprinids, including small
‘very abundant minnows - tike Barbs, Rasbora and Danio which serve

as forage for large-tarniverous fishes.

About 20 of the freshwater species are valued as food fish
(Indrasena, 1965; Fernando and Indrasena, 1969), These are the

following :

SCIENTIFIC NAME

Barbus dorsalis

-

Barbus sarana

'Carassius carassius
Cyprinus carpio

Labeo dussumieri

Tor khudree -~

Clarius teysmanni
WAllago attu
:Ompok bimaculatus

Heterogneustes fossilis
Macrones spp.

Oghioceghalus striatus

Ophiocephalus marulius
Etrophis suratensis

Tilagia mossambica
Anabss testudineus

Osghronemus foramy

3«1,

COMMON NAME

Long Snouted Barb
Olive Barb
Crucian Carp

Common Carp

Common Labeo -
lashiexr

Spotted Catfish
Preshwater Shark
Butter Catfish
Stringing Catfish
Catfish

Striped Snake Head
Giant Snake Head
Banded Etroplus
Tilapia

Climbing Perch

" Giant Gourami

Uﬂ/



SCIENTIFIC NAME ' COMMON NAME

Glossogobius giuris Bar-eyed Golty
Macrognathus aculeatus Lesser Spiny Eel
Mastacembelus armatus Spiny Eel

At least 15 foreign species have been introduced—aa potential
food fish.(Fernando, 1976; NTS, 1979) of which &4 have establis™ad
sizeable populations, These are Common Carp, Crucian Cérp,
Tilapia and Giant Gourami, Tilapia (T. Mossambicd) has increased
freshwater catches significantly-szncg its-intfodhhtion,'and

this species normally comprises 50 to 90 per —cent of the catch

by weight from tanks and villus (Fernando .and Indrasena, 1969;
Department of Fisheries and Department of Census ahd Statistics,
1973; Fernando, 1976).

Endemic Pish Species

Crusz and Nugaliyadde (1978) report timt there are a
total of 16 endemic fish species which occur on thé island of
Sri Lanka. Most of these can e found in the wet zome of the

country, - -

Data on endemic fish species (as well -as other endemic
flora and fauna) pertaining to their distribution within the
Mahaweli Accelerated Program area were gathered at a workshop
as part of tha "Endemic Species Seminar" sponsored by TAMS in
December, 1979 and held at the Natural History Museum in
Colombo., The data collected represent the most up-to-date
jnformation concerning the distribution of endemic fishas within
the project area, These data are summarized in Table 3-1 along
with other relevant ecological information about the species. Of the
8 endemic fishes listed in Table 3-1, all but one have relatively
widespread distribution in other parts of the country. The Sri
Lankan Barb, which is a newly {dentified species, is restricted
to a few small tributaries within the Amban Ganga drainage.



Most of the endemic. fishes inhabit small up=-country
torrential streams, Two species, Two Spo: Barb and Mountain
Labeo undergo annual dpstream spawning migrations. The
Mountzin Labeo may in fact move out from tanks and up the main

rivers to its breeding grounds,

Inland Fisheries Development

The Sri Lankan Ministry of Fisheries has recently
established an "Inland Fisheries Division" with the basic objectives
of promoting and devcloping fishing activities on inland water
bodies (including brackféh'ﬁater-areas). Various development
plans are presently being formulated including the assemblage
of reliable statistiﬁs;"ﬁpgrading of existing breeding stations
and the sponsoring of some research and pilot projects, In
addition, this qeﬁ division is- associating with the Mahaweli
Development Boardiﬁéucd§idinate fisheries development for the

entire accelerated program area.

The Ministr& of Fis?aries“has set a production targat
of 50,000 tons for inland fisheries which it plhns to attaia over
the next 5 years. The total inland fisheries production is
presently estimated at about 16,000 tons per annum, A general
breakdown of the proposed production increase is as follows :

TONS
ngéﬁﬁater . Present Afarggg
Major and medium tanks 12,000 35,000
Minor tanks , 1,000 5,500
Others » . 1,000
Brackishwater
Deep lagoons and estuaries 2,000 6,500
Shallow lagoon and tidal .... 1,000 2,000

Totels = 16,000 50,000
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River Fisheries

pata concerning the £ish fauna of rivers and streams

{s very limited for Sri Lanka. Interviews recently conducted

with local residents and biologis

commonly found fish species in the Mahaweli Ganga are the

following ¢

SCIENTIFIC NAME

Anggilla Hebulosa

Barbus folamentosus

Barbus sarana
Cypimus carpio
Labeo dussumieri
Labeo fisheri

Rasbora daniconius

Tor Khudree
Ganna.lamta
Wallago attu
Macrones keletius

Ompok bimaculatus

Ophiocephalus Marculius

Oghioceghalus gtriatus
Tilapia finssambica

. Osghronemus gouramy

Mastacembalus armatus

N

ts reveal that the more

COMMON NAME

Long Finned Eel
Filamented Barb
Olive Barb
Common Carp
Common Labeo
Mountain Labeo
Common Rasbora
Mahsier

Stone Sucker

Freshwater shark

Dwarf Catfish
Butter Catfish
Glant Snake Head
Striped Snake Head
Tilapia

Giant Gourami
Spiny Eel

Locﬁl fesidents also report the capture of large frashwater shrimp

(Maczo: brachium) from the river at different times of the year, .
In addition, in the lower reaches of the river a number of salt

water species are often found including sharks, rays and an
occasional sawfish. Saveral of the river species are known to
undertake annual upstream spawning migzrations, especially the

Labeo species and the Mahsier.
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There are no commercial fisheries operations on the Mahaweli
Ganga, Maduru Oya nor any other stream in the project area. Even
subsistence level fishing activities are limited except in the
mainstream Mahaweli Ganga. ﬁere occasional handline fishing is
observed; some sport fishing occurs in the Upper Mahaweli particularly
for the Mahsier which.can reach a size of up to 25 kilograms,. No
Tecords are maintained of the fish catches from rivers or streams in
the country., An arbitrary estimate of fish yields from the country
rivers and streams was given by Indrasena (1965) as roughly
5 kg/ha/yr.

Villu Fisheries

Villus in the lower reaches of the Hahaweli Ganga fo:m a .
major part of the river floodplain. Villus are highly productive amd:
are exnelient spawning and nursery habitats for many fish species,
A number of fish species tend to spawn in these warm, shallow waters-
as they rise during the wet season. Consequéntly, eggs hatch :
simultaneously with the inundation of surroundiﬁg land which results:.
in the availability of a large amount of organic ‘water for feeding -
the juveniles (welcomme, 1979).

Few studies haveubeep conducted on the fisheries of the villus,

Fernando (1969) reported ﬁhit at the Karapola Villu (near Manampitiya),
fish catches from 1960 to 1966 ranged from 25 to 50 tons or a yield of
roughly 35 to 70 kg/ha, reipectively;/ The common species in the
catches were Tilapia, Labeo,'Freshwater Shark, Butter Catfish, Banded
Etroplus, Snake Heads, Giant Gourami and Barbs., .A recent interview
(November, 1979) with fishermen at the Karapola Villu indicated that the
same species are still being captured plus the freshwater shrimp and
a_fgy_:g}gz."ghere are 25 virtually full-time fishermen presently
éber;ting at tﬁe villu. Gill rnets set from canoces are the main gear
utilized. During the peak fishing season (January - April), fishermen
take about 10 kg per day; in the remainder of the year, average daily
catches-are about 2-3 kilograms, Combined with part time -fishing.
activities, the total annual catch in.xecent years has been about 40

tons/year, or around 57 kg/ha,
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These figures compcore f;'aﬁourably with others given
as estimates for villu fish yields. Indrasena (1965,1970)
gave an average catch for the Mahawell Ganga floodplain of
about 34 kg/ha. The Ministry of Fisheries uses an estimates
of 56 kg/ha (50 lbs/ac) for all villus when determining

- annual national catches,

Paddy Fields and Irrigation Channels

During floods, paddy fields, -like villus, serve as
large areas of open water where mauy fish species breed (Fernando,
-1969).. Considerable -numbers ‘of -small sized fish hava been-- -
-caught in this habitat, and Fernando (1956) reéorted a t:;:;tai .
of .24 species occuring in the. western lowland rice fields.
Larger, . food fishes including Butter gatfish, Common .Labeo
and Freshwater Shark have been found in the irrigation canals.

Tank Pisheries

‘ More tham 80 per cent of Sri Lanka's inland fishery
catch is from tanks; moit?of'::;hj.s is. from the low=country
major irrigation tanks. The deep, up=country reservoirs
have very low, often negligible, fish yields (Fernando, 1969
Fernando and Pastado, 1975).. Low-country, medium tanks also
contribute -to inland fishery output, but activities in these
and the smaller seasonal tanks are usually confined to occasional

or -subsistence level-fishing..

) Fishery operations, of varying intensity, using gill
nats and beach seinda . have been underway at the major tanks.
. for 25«30 years (Perrando, 1969). . These remein ‘the prevalent
catch methods, although cast nets, handlines and occasional .
traps are also employed. Fishing is done from the shoreline

or from canoes and small rafts,
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At most of the tanks, fishermen sell their catch directly
—after capture to traders or vendors who transport the fish to
acarby market centers for-sale. The Department of Fisheries and
* Department of Census and Statistics (1952) reported that 65
per cent of the landed catch was sold fresh to consumers, 32 per
cent was sold after salting-and dryinpg or smoking, and 3 per cent

was used for home consumption.

With the introduction of Tilapia CZ. Moséambica)'in 1951,
commercial fishing became wéll.éstablished at a number of the
major tanks, Marine fishermen migrated to the freshwater tanks,
at first seasonally, and later developing full time fisheries |
operations, The ;easonal-emigration of marine fishermen to some

tanks still occurs,

Tilapia expanded rapidly after being stocked and.comprisES
up to 90 per cent of the catch at some tanks, Other species which:
contribute appréciably to the catches include the Banded Etroplus,ﬁ
Labeo, Darbs, Freshwater Shark, Giant Gourami and Catfishes. The
distribution of species by weight in catches for the major Sri .
Lankan tanks is given in Table. 3-2,

The major tanks in'fhe project area include Parakrama
Samudra, Minmeriya Tank, Kaudulla Tank and Kantalai Tank. These
tanks, especially Parakrama Samudra, contribute' a significant
amount of the inland fish catch for the country, Available
information concerning catches, number of fishermen, etc, for
these tanks is summarized in Table 3-3. In general, catch data
for thé exibting tanks are of varying reliability, The Ministry
of Fisheries is presently re~structuring the cafch data gathering-
program to improve the quality of fisheries statistics for future

management pianning.

The existing data does reveal several trends, Ome is
that catches increased significantly since the introduction of
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Tilapia to the tanks, Further, there appears to have been no
significant decline in any of the indigenous fish fauna following
the stocking with Tilapia (Fernando, 1969), The catch data also
indicates that many of the existing tanks are under=exploited,

In addition, fluctuations in catch probably reflect the number

of individuals fishing rather than natural variation in the

fish stocks. This is evident from the changes in catch which,
result from the periodic migration and emigration of coastal
fishermen (HTS, 1578). '

Data provided by the Ministry of Fisheries (1979) indicate
that the major tanks in the country had fish yields in 1978 ranging
from about 20 kg/ha to over 500 kg/ha. The average yield for
these tanks. is estimated at 182 kg/ha (163 lb/ac). Collectively,
more than 1000 fishing crafts operate on the tanks with an

average annual catch of about 11,5 tons per boat,

Comparable data are not available for any of the medium
or smaller seasonal tanks., The Ministry of Fisheries estimates
that t..ese tanks produce yielcs of about 56 kg/ha (50 lbs/ac).
This estimate is conser?ative; Fernando and Ellepola (1969)
report yield figures of 79 aﬂd 112 kg/ha (70 and 100 lbs/ac)
for two small tanks near Polonnaruwa, Seasonal "mud fishing"
i.e,, hand collection of fish, is common where small tanks dry
out annually (Feimando, 1969),

Estuarine Fisheries

Fishing activities are well daveloped in the estuarine
portions of the Maduru Oya and Mahaweli Ganga. These areas,
like others along the coast, provide nursery grounds for shrimp
(Penaeus sp,). On the east coast, shrimp fry enter inshore waters
in December=-January and the peak catches are made from March to
May (Ministry of Fisheries, personal communication).



Princiole fishing grounds are the inshore lagoons end estuaries.
Shrimp yields for Sri Lanka have been estimated at roughly
177 te/ha for the inshore waters (Ivannov, 1964),

The estuaries are also breeding, nursery of feeding

grounds for a number of economically valuable food fish species,

"Uncluding Anchovies (Anchoviella), Whitefish (Chanos Chanos,
3onefish Elops, Mullet (Mugil), Perch (Lates),-Snappers,(Lutjanus)
and several Jacks (Caranax). These comprise the main fin fish
catch from the intertidal waters on_ the east coast (Ministry
of Fisheries, personal communication),

According to the Cepartment of Fis@g;isg and the

Department of Census and Stéti?ﬁigs (1972), there:are over

18,000 fishing management units,(boat gear and crew) operat-

ing from Trincomalee.. Of these, about 350 fish inshore

waters, chicfly in Koddiyar Bay,. About 150 full-time fisher-
men were recently observed from the town of Mutur., A similar
number: conducts fishing activites around the Valaichchenai
area. The main geér'employed.are.cast'nets and gill nets
worked from canoes. Beach seines are also used,

Aguaculture

'Fish culturing or farming is very limited in Sri
Lanka, At present, gel and shrimp farms are being operated
by private concerns; but these are only on an experimental
basis,

Several other culturing operations have been attempted,
mainly by the fishery research stations which are maintained
by the Ministry of Fisheries. One successful attempt produced
nearly 2,000 kg/ha of mullet and milkfish at the Pitipana
Station (Pillai, 1965), The fishing stations, have successfully
bred a number of species including tilapia, common carp,



chinese carps, gourami and others, In additiom, several pilot projects’
have racently been initiated 1nc1uding polycultute of carp and tilapia

in ponds and cage culture..

However, with freshwater fish market prices low, it is unlikely
that interest can be generated in pond culture operations, and for the
present, the status of aquaculture development in Sri Lanka may be

considered only experim:ntal,

IMPACT ANALYSIS

Formation of Proposed Reservoirs

Changes in Species Composition -« The formation of the proposed

reservoirs will result in the replacement of riverine ecosystems with
lacustrine ones with a subsequent elimination of some fish speéies and

an enhancement of others. Species which prefer running water habitats or
require highly oxygenated, hard gravel substrates as bteediﬁg or feeding
grounds would not be expected to survive a transition to allake
environment, On the other hand, fishes which occur in the rivers, but
are found primarily in quiet waters along the shoreline or in backwaters,
will not only survive the impoundment but may increase their populatian

N

sizes substantially..

ChAnées in species composition following'inundation of rivers
in Southeast Asia have been reported by Bhukaswan and Pholprasith (1976),
Natarajan (1976), Sreenivasan (1976) and Sirinivasan and Sreenivasan ‘
(1976). Generally, these studies report a significant increase in
catfilh and carp spacies after creation o teaervoir pools.. Concomitently,
there was a decrease in the abundance of many riverine species; with a
-noticeable disapéearance of some fishes, particularly the Mahsier,
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Comparable shifts in the fish commnity structure
are'anticigatgd for thé.prbposed,;eservoirs. The fish
species which are likely to dominate the reservoirs are
those which. presently inhabit!tanks, villus and other
quiet water habitats. Thus,. the predominant’ natural reser-
voir food fish populations will be comprised. of Tilapia,
Banded Etroplus, Labeo, Barbg, Giant Gourami, Snake Heads
and the catfishes especially the Freshwater Shark (Wallago
attu) which has appeared in large numbers in several mane
.hade.lakes in Asia. On the other hand, it is likely that
Mahsier and. a number of other species will be eliminated
from the river sections which undergo impoundment.

Projected Yields - Several estimates have been
made of ammual average potential fish yields for the'proposed

Tesarvoirs, These are the following :. -

SOURCE =~ . . ESTIMATED YIELDS
' kg/ha/yr

ACRES (1979) 150

HTS (1979) 100

NEDECO (1979) ANNEX F . 400

Ministry of Pisheries (1579) 280

These estimatas var& considerably, reflecting the basis of.
their selection. All of them ave arbitrary estimates
established by a comprison with the present yields féalizad
from tanks in the country..- These yleld estimates have
been applied uniformly to all of the proposad reservoirs
(except the ACRES astimate which was selected for tha ~
Maduru Oya Reservoir only).

In order to accouut for individual morphological and
productivity diffgrencns in the proposed reservoirs, a saperate
method of estimntiné potential fish ylelds (i.,e. the potential
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harvestable fishery resource) is epplied'here. The method takes into
consideration anticipated thsical and bio~-chemical features of the
proposed reservoizs, It is based on a ratio involving tpe electrical
conductivity (or dissolved solids concentration) and the.mean depth

of a reservoir,

This ratio was described initially as a "morphoedaphic index"
(MEI) by: Ryder (1965) for use as a rapid method. of yield assessment
for northern temperate lakes. . The MEI has since been modified for
application to tropical lakes through a regression analysis by
Henderson and Welcomme (1974). The MEI_has been widely used as an
approximation of potential yields for reservoirs in Africa, South
America, United States and Canada (Welcomme and Henderson, 1976).

A regression analysis relating MEI values and fish yields from
tanks Sri Lanka was recently completed by Wijeratﬁe and Costa (1979),
“The relatiomship is as follows :
C = 19,0677 MEI .
where * C = potential fish yield in kg/ha/yr;'and
MEI = conductivity in micromhos/cm <= mean depth in m,

0.7050 _

Using this formula, the avgilable water quelity and the
reservoir morphological. informntion, the potential fish yields of
each of the proposed reservoirs was calculated. These figures and
the supporting data are presented in Tabla 3=4. Total annual esdmates
for potential fish landings at the proposed resarvoirs ara also
included in Table 3-4 and unre based upon the mean areas of the
reservoir, . . '

The calculated yields clearly indicate that the daep,
up=country reservoirs are likely to be much less productive in
"+ terms of fish output than the shallower, low=country ones.
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This cerresponds well with information concerning fish yields
from other reservoirs throughout Southsast Asia and within

Sri Lanka (Fernando and Furtado, 19753 Pernando, 1576), The
deep reservoirs in Southeast Asia produce low fish ylelds of
only 10=40 kg/ha in comparison with the shallower lakes. Low
fish yields in deep reservoirs are the result of low levels
of incoming nutrient supplies, promounced thermal and chemical
" stratification and a limited shallow inshore area which is
usually the most highly productive zome of -a resexvoir,

Fisheries yields from a reservoir are of course
affected by other factors besides mean-depth and total
dissolved solids ipput. An impprtant‘factor wi}l_be;the age «
.of the ;eservoir. In the first 4 or 5 years,.yields are often
© substantially higher than in.latar: years. One reason for this
is that during the initial flooding iarge amounts. of organic
matter ﬁre suspended, serving as direct fish foad or as a
nutrient supply for algae, The subsequent large “algae growths
may trigger a chain reaction in the food web of the Teservoir
which can be manifested by accelerated fish growt: and repro-
duction. An additional reéson for high initial fish production
could be that the rising waters stimulate mearly continuous
szewniag hehaviour. in some species. . The omset on: river flood-
ing stimulates. immediate spawning -responsives from many
species, and thus, this behaviour m:y be-accentuated by reservétr
£illing. However, initial high fish yields in Asiaqu;eservoirs
have not always occurred. This may be due to a lack of suit=-
adle fish species in the areas inundated .or a failure of
fishermen to mobilize soon enough to take advantage of the
high producfivity in the first few years of reservoir

operations,

Other factors which will affect fish production
include an irregular shoreline which méy occur along the: édges
of the reservoirs, This will enhance fishery development by
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prov: iing added cover and feading grounds. On the other hand,
the anticipated steepsided character of the up=country
reseryolrs will limit the amount of shallow inshore areas
which are common §pawning grounds for manmy species,

Drawdown can also have a deterimental effect $n
fisheries by exposing eggs and nests of inshore areas, How-
ever, this should not be a significant factor, because most
species which will inhabit the proposed reservoirs will
spavn during periods of reservoir filling, ODrawdowns may,
in fact benefit fish populations by providing organic

detritus for feeding juvenile fish as waters rise.

In summary, the proposed reservoirs, are expected
to exhibit varing fish yields, with much higher cateh realized
from the shallow, low=country reservoirs, Potential fish
yields in the reservoirs whould range from about 2) to 35
kg/ha/ya for the deeper reservoirs and from around 100 to
300 kg/ha in shallow ones. All of the reservoirs will produte
fish vields which are significantly higher than that presently
taker. in the river sections they will inundate., The ylields

there are probably 5 kg/ha/yr or even less.

Impacts on Migration Patterns

The series of dams which will be constructed on the
rivers and streams in the project area will effectively block
upstream fish migratory movemeants, Several species will te
adve:gely affected, although it is difficult to acdequately
assesS the overall effects on fish movements because little
is known of the migration patterns in the island watcrs,

One species which may be significantly affected is

the lish3ter (Tgr-khudree) a popular game, fish, The Bahsier
has been observed by local residents and biologists to
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uncderge seasonal upstream Spawning migrations, The presence of
.~-the proposed dams combined with an inability of the Mahsier to-w

adapt to lake habitats will probably tesult in a significant

decline in the population of this species in the Mahawe 11 Ganga,’

- Other fishes which may De adrersély affected by
interference with migration patterns are probably the endemlc
Mountain Labeo (Labeo Flsher) Olive Darb (Barbus sarana) and
Long=Snouted 3arb (Barbus doréalis) Thesg species axe all believed
to migrate annually up the main rivers to spawn in very small
hill streams. The Barbs often leave tanks or villus to enter
upstream rivers and streams, Occaisonally Iatpe concentrations of
these £ish are found in very small streams, 'The numbers are often
so large that monkeys have been observéd: tapturitig ‘tHem by hand
(Dr. W Dittus personal communication).

v

Young Eels.also iiérate nnstream annually, returning
after several years to spawn at sea., The higher upstream dams
will undoubtedly block their passage, although they may be
capa’ i2 of negotiating the smaller downstresm otes, .

In addition to tish species, the ‘freshwater shrimp
(Macrobrachium) will also have its migratory patterns affacted
by the dams, This impact may be mostly due £o the ‘construction
of the downstream Kandskadu’ Barrage which could block breeding
migrations ‘to and from the estuary,.. - ' : ’

Downstream fish movements will als~ be blocked by
the proposed: dams. However fish may be swept -over the: spill-
ways or drawn intn'the'power tntakes. Generally, about-75%
fish which pass through power turbines-wfIl-$urvive, The Temainder
usually perish due- to physical injury,:
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Impact on Tank Fisheries

Major tanks fisheries should be littled affected by the

proposed project. Flushing rates will increase, but other operations

should not change appreciably; and return flows from irrigation
systems are not expected to enter the Parakrama Samudra,

Winneriya Tank, Kaudulla Tank or Kantalai Tank.

Some of the medium and smaller tank fisheries may be
adversely effected due to the inflow of pesticide run-off from
irrigation projects: In particular, the downstream tanks such
as the Vakaneri andfhllhi tanks may eventually be seriously

affected as pesticides accumulats_in tissues of food fish species.
A pumber of tank fisheries will be benefitted by the
project due to increased availability of water, This impact

will be more adequately iuyestigated for the final report.

Impact on Villu Pisheries

Since many of the villus will receive irrigation return
flows, pesticide accumulations- could become a problem for the
villu aquatic biota. The increased nutrient inflow from
agricultural run-off will affect the productivity of the villus,
very likely accelerating if to produée. highly eutrophic
conditions, The rasultant deterioration of water quality in the
villus would have overall negative impacts on the fisherles
resources such as changing species compositiom, inhibitiﬂg life
cycle pattern, causing partial fish kills of tainting fish flesh,

A reduction of overall downstream river flows will

result as a corresponding decrease in the water surface areas

of many, if not all of the villus. This, of course would limit
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fish yields from the villus acz ordingly., If, for example, the

_present mean annual villu surface areas (about 8,200 ha total)

were decreased by 407, the loss in fish yield (based on a present
yield of 50 kg/ha) would be over 150 tons per year, This
represénts a loss to the villu natural capture fisheries,

In addition, villus have a high potential for fish
culture (see following section), pfovided water levels are
maintained for a growing season (6 to 8 months) A drop in
villu water levels due to river flow reductions would
significantly decrease the value of these habitats for fish

culture operations.

'Impacts on Estuarine Fiéhefies

The alteration of natural flow regimes coupled with a
downstream accimulation of agrochemicals is likely to have on
overall ' negntion éffect on the estuarine fioherf resources at
the mouths of the Mahaweli Ganga and Maduru Oya, ‘This may be
especially evident for the shrimp nursery grounds, since shrimp
juveniles require a delicate balance of organic -matter cycling.
Changes in the nutrient loading of the.estuaries'is'liable to
upset this balance with an oﬁerall-detwihenbal-effect upon

“shrimp and fish populatious, A more detailed assessment of

impacts on the estuarine fisheries will be ufidertaken in the

final report, (See, CHAPTER 4 WETLANDS)

Impacts on Endemic Fish Speéies ' _

Most of the endemic forms ocouring in the project afea'
inhabit small, upland streams. Some of these habitats may be
inundated by the up=country proposed reservoirs i.e. Kotmale,
Victoria, and Randenigala Reservoirs., This would probably
eliminate endemic species occuring thére, since few of these
f%shes appear to be adaptable to reservoir habitats, In general,
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the loss of these habitats would not be considered a highly
Qignificant impact, since the endemic fish species affected alsc
occur in high numbers in many other river drainages throughout
the country, The endemic species populations’'in tributaries of
the Mahaweli Ganga and Maduru Oya which are not inundated,

are expected to remain unaffected by project developments.

The Mountain Labeo (Labeo fisheri) may, in fact, be

doubly affected since the.proposed dams will inhibit its nommal
upstream migration route. The Sri Lankan Barb (3arbus Srilankensis),
the most restricted of the endemic fish in the area, should be
relatively unaffected by the project; since no developments are
presently planned which would involve the Kalu Ganga drainage

system. Two endemic species, Leaf Lates (Delonita signata)

and especially the Smooth Breasted Smake Head (Chana orientalis),
will probably benmefit by the project since they prefer quiet

wntérs, and thus their populations are likely to expsnd with

the formation of the reservoirs and the presence of large paddy areas,

RECO: " GNDATIONS

2lanning for Pisheries Development

Overall, the potential for fisheries development in the
project area is very high and its realization, in fact, may
become essential as the demand for protein increases in the future
years of settlemant growth., . Fish presently ara the predominant
source of protein in the rural communities of Sri Lanka., The
average annual per capita consump;iéﬁ'gfk?ISH.by the rural
population is about 12 kg, With full development of the Mahaweli
Accelerated frogram area, an additiomal 12,000 tons of fish
beyond the present production will be neecded to meet the annual
demend of the incoming settlers,
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Some of this demand can be met by improving yields
from existing sources; however, maximnm yields are already
being Larvested from the marine fisheries operations and the
.present freshwater catches (mostly from the major tanks) are
all marketed‘and consumed locally, Consequently, it is likely
that the majority of the required 12,000 tons will have to come

from the development of new fishery resources,

It appears that a paster plan.for fisheries development

. within the project area is needed. Some programs, including the
developﬁent of a new fish breeding statioms, a stocking plan

and permanent settlement of fishermen, have been initiated inm
varying degree—for the existing system H irrigation project,

These programs are being developed through the combined efforts of
the Inland Fisheries Division and the MDD. However, comparabledm
planning for the accelereted program area has only been at a very
preliminaxy level. In the following sections, recommendations are
discussed for the mitigation of adverse project impacts on
fisheries, some new'potential fishery resources to meet future
demands and for fisheries development.plenning in general for

the project area. These recommendations and the cost of various.
implementation plans will be elaborated on further in the final

report,

Proposed Reservoirs

Contribution to Required Demand - The .total capture
fisheries yield which could be provided from the combined outputs
of the major proposed reservoirs (Tdble 3=4) is estimated et
roughly 2570 tons per annum. However, the ylelds from the thrae
up-country reservoirs (Kotmale, Victoria and Randenigala) are
likely to be marketed’outside the agricultural development regions
of the project area. This could reduce available yields to the .
new settlers to about 2 450 tons/yr.
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Further, if the proposed Rotalawela. and Moragahakanda Keservoirs
are not constructed, the available yields will decrease to
only 1,640 tons/yr,

It is apparent that the estimated need for fish
products within the project area will not be met solely by the
natural capture fisheries of the new reservoirs and other sourses,
discussed in follcwing sections, will have to be utilized, In any
event, the potential yields from the proposed reservoirs will he
subtantial, Moreover, in order to capitalize upon this

potential resource; several planning measurey may be necessary,

Nature of the Reservoir Fisheries = It is recommended

that planning for fisheries development of the new reservoirs be
conducted with the aim of promotlng smallescale fishery operations,
comparable to those on the existing major tanks, This would

involve the use of small fishery management units, consisting of

a single fishermen with perhaps an assistant operating from
non-motorized canoes and using primarily gill nets along with
han:'lingg,cast nets, beach seines or traps where they are applicable.

- o s o wtmmn ¢ sty

This type of fishery i{s labor i-tensive and attracts
more individuals, since input costs ancd maintenance are low,
Use of large, relatively expensive boats especially ones equipped
with outboard’ motors, are not recommended, The additiomal costs
for the boats, motors, fuel, etc. and especially maintenance
problems are an unnecessary burden to the fishermen, Further,
the small scale operations are well suited to effect maximum
exploitation of the fishery resources on what will be relatively
small sized reservoir areas.. Collection gear, however, can be
modified, with new gears introduced to harvest the different
fish stocks, It is recommend that gear selectivity studies
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be initiated once the reservoirs are'opetational in order to
determine the most appropriate gill net mesh sizes, the best

-~

trap designs etc,

" Subsidy and extension programs will also be ﬁeeded!
to fully develop fishery potential on the new lakes. These
programs have been proposed as part of the Inland Fisheries’
Division's plans for country-wide fisheries development
(Ministry of Pisheries, 1979), Likewise, the programs are
intended for implementation to enhance all forms of fishery
development in the Mahaweli Accelerated Scheme,

Removal of Reservoir Vegetation - The MDD has planned

to clear as much vegetation as possible from the proposed reservoir .

sites. There are various issues concerning fisheries development
which require consideration in the plamning of vegetation

removal from a reservoir site prior to inundation. Trees

and other woody vegetation which remain within a reservoir

after flooding often impeae lake. navigation énd psuhllf
prevent or limit fishing activities because of damage to nets

and other gear, Omn the‘other hand, this vegetation provides

a suitezhle substrate for fbonchain‘organisms used by fish for
food and also serve as protective cover and spéwning sites

for many species,

Recommendations made here take both of these conflicting
" aspects into consideration along with the nature of fhe:
proposed reservoirs, It is essential that much of the woody
vegetation be removed from all of the proposed reservoirs if
effective fishing of the '‘matural stocks is to take place.
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Yozewyer, to enhance natural fish productivity in the reservoirs,
especially for the deep up-country omes, it is advisable to
permit small tracts of forest to remain in selected areas of the
reservoirs, Approximately 5% or perhaps slightly more of the
inshore drawdown zone vegetation should be maintained. However,
it should be subdivided into small blocks of 5 and 1C hectares,
which are seperated by open water (where vegetation has been

removed) zones of one=-half kilometer, or more.

A clearing pattern of this nature will permit
utilization of all types of fishing gear with minimal
risk of damage and simultaneously provide a feeding and nursery
area to replenish natural fish stocks. This clearing plan will
be well suited to small scale fishing activities. Fishermen can
employ cast. nets and seines in the clearad, shallow inshore
areas, use gill nets at the edges of the vegetation blocks
and traps within the vegetated areas.

Introduction of Species =~ While indigenous fish

popu.ations are likely to contribute a sizeable portion of the
reservoir yields, it is likely that other species will have

to be introduced in order to maximize outputs,

The most likely candidate for stocking in the new
.raservoirs is the common Tilapia species, Tilapia mossambica
which is already prevalent in many of the freshwater areas of
Sri Lanka. The MDD in collboration with the Ministry of
Fisheries is plamning to comstruct a new fish statiom in

Dambulla for the purpose of producing Tilapia fingerlings to
stock in the waters of the System H area., The MDD has
{ndicated similar intentions for the accelerated programs

area, and the Ministry of Fisheries is embarking on a program
to raise and stock Tilapia in many of the island inland waters-

mostly tanks.
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It is suggested that within these proposed planned
stocking programs, consideration be glven to the fact that
Tilapia mossambica is a prolific breeder in Sri Lankan waters

and that repeated stocking of the species into-tanks and
reservoirs may be ummecessary since its own reproductive
potential may be sufficient to maintain high populations in the
resefﬁoirs.. Thus, Tilapia mossambica may be introducad into

the proposed reservoirs in order to allow the e;tabliﬁhment

of self-sustaining populations, while other specfzgwaiﬁ be

considered for annual stocking and restocking progtam;.

Tilapis mossambica has been introduced widely

throughout Southeast Asia and is likely to appear in many of the

new reservoirs even if-it is not intentionally stocked, One
problem which is often associated with Tilapia introductions

is that due to its high reproductivity, crowding may occur whichu

results in stunting of the growth of the individual fish which
in turn limits their marketability. This has been observed in
a number of reservoirs and especially in small ponds in Asia,
H;§e§af, it is not known to happen with Tilapia populatiohs

in Sti Lankan resarvoirs (Fernando, 1976), This ﬁa§ be due to
high fishing intensity and/or high predator pressure, both of
which control Tilapia populations and thus prevent or limit
stunting (sreenivasan, 1967, Dalarin and Hatton, 1979). In fact,
predators are often deliberate}y stocked with Tilapia to

control their growth rates in f£ich culture operations, Natural
predators which-are-likely to occur in the proposed reservoirs
include the Snake Heads and various catfiéhee, especially the
Freshwater Shark (Wallago attu), The latter is an especially
voracious prodeator which may reach up to 6 feet in4length '

and whose stomach conteuts have occasionally been observed to
include human limbs (Alikunhi; 1957),

Since Tilapid have not beemn found to stunt im Sri
Lankan reservolrs and natural predator control is apparently
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adagurate to limit over=population, it is recommended that

Tilapia moseambica be stocked initially Into the proposed

reservoirs; although repeated annual stocking is not
recommended since the species should establish permanent

breeding populations,

One further concern in the stocking of Tilapia
mossambica is that the species is unlikely to be successful
in the three up-country reservoirs. Its growth and
reproduction have been very low in the existing hill tanks
(Fernando, 1976), On the other hand, different Tilapia
species which are better adapted for deeper waters and/or
colder habitats may be amenable to the up~country reservoirs,
These Tilapia species include Tilapia Sparmanni, an omnivore,

and Tilapia galilaca which feeds on phytoplankton,

Common Carp (Cyprinus carpio) is.also a likely candidate

for the upland reservoirs.. However, it i{s not recommended to
stock this species in shallower reservoirs, since it often
destxys inshore fish nests, Crucian Carp (Carzssius carassius)

would be another possidle species for introduction into deeper
reservoirs since it breeds and thrives well in that type of
habitat, '

For the low-country reservoirs, exotic species which
may be considered for introduction wouid include other Tilapia
species (Tilapia rilotica and Tilapia zi1lii, both of which have
been introduced here praviously), the Indian Carps and the
Chinese Carps. A more detailed evaluation of potential fish

species for reservoir stocking will be made for the final
report,. Some comﬁarable data may be available then on a
proposed experimental stocking program involving Tilapia and
Carp species in various combinations presently being initiated
by the Ministry of Fisheries. This type of polyculture
experimentation is highly endorsed, and it is recommended

d =24



that further trials be attempted in order to develop sound
stocking policies for both the proposed reservoirs and the

-

existing tanks in the project area, -

Additional introductions in project area water should
be considered for the control of mosquito larvae since malaria
may be a-substantial problem. Mosquitn fish or Gambusia
have been recommended for introduction to assist mosquito control
(ETS ANNEX 2, 1979), but a species native to ‘Southeast Asia
called the Lesser Top=Minnow (Pan;hax panchax) is cansidered--
superior to Gambusia (WHO, 1973), This species is native to
Sri Lanka and could be easily captured and transferred to the

project arsa waters,

Fish Ladders

At the present time, it is not recommended that
consideration be given to installing fish ladders or comparable -
conveyances to permit upstream passage of fish during spawning
mig:zztions, There are few species adversely affected by .o
ulockage of migration routes; and none of these species are
of exceptional economic value. If furtker study warranted by=
pass devices, it is likely that thpy could be installed after
the dams are constructed, One area in which investigations
should be considered is for the Kandakadu Barrage where the
continued passage of estuariﬁe species including Macrobrachium
may significantly benefit upstreem fisheries. |

Rivers and Estuaries

The negative impact on river and estuarine fishing
resources due to the accumulation of run-off agrochemicals can
be mitigated in part by the maintenmance of downstream conservation
flows, the judicious application of fertilizers and the use of
rapidly degradable pesticides in place of the persistent
organchlorine types. Further Tecommendations and- discussion
on these topics cam be found in CHAPTER 2 - WATER QUALITY,
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) It is not recommencad that any measures be instituted
to further intensify fishing activities in the estuaries of the
Mahaweli Ganga and Maduru dya. These areas are presently
heavily fished,. In fact, some regulations may Le warranted
in terms of mesh size or limited fishing seasons in order to

protect fish and shrimp stocks.

Tanks and Villus

The major irrigation tanks in the project area have
been designated for improved fisheries management programs by the
Inland Fisheries Division. This includes additional stocking
and subsidy programs for boats and gear. However, even with
these plans, the Ministry Fisheries (1579) estimates that
increased fishery output for these tanks above presenf yields
will probably be less than 500 tons per year,

Medium and smaller tanks are also scheduled for
future upgrading of their fishery outputs. Roughly, the areas
of ti2se tanks in Systems B and C total about 3500 hectares
(ACRES, 1979; HTS ANNEX I, 1979). Assuming that there are
additional unexploited tank areas of 1,570 hectares within
the project area (details will be provided in the final report),
and using the average yleld figure from Table 3«4 of about'13o
kg/ha/yr, then the medium and smaller tanks potentially could
produce 650 tons for consumption. This amount could probably
be increased, even doubled to 1300 tons, with high intensity
stocking and proper management of the smaller tanks.

Villu fishery resources, along with those of some of
the downstream medium tanks,'may be adversely affected by the
runoff of pesticides and fertilizers, Monitoring of these
chemicals is recommended as mentioned in the previous chapter
on WATER QUALITY.‘ In addition, it may be feasible to route return flows
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around some villu and t:ank areas to prevent their pollution

) with agrochemicals. It is suggested that this possibility

be investigated along with the potential feasibility of .
installing .weirs at-villy mouths to prevent their dessication
in the dry season (see follawtng chapter concerning WET LANDS).
Increased fishing intensity at the existing villus is possible,.
provided gear and markets become available, Yields could
probably be doubled from roughly 50 to 100 kg/ha/yr which
would increase the overall output by over 400 tons per annum.

-

Irrigation Canals

Fisheries, at least at the subsistence level, can
also be developed within the irrigation canal systesg The
canals themselves will support some species, while pools or
backwaters which are created naturally or for storage along
the canals may be very suitable habitats for food source
-species, Stocking of these waters is thus Tecommended where
feasible, )

Aguaculture

From the preceding sections, an estimate of. the
overall potential yields from new fishery resources within

-

the project area can be determined as follows :

SOURCE ' POTENTIAL YIELD (toms)
New Reservoirs. 2,570
‘Major Tanks K . 500
Medium, Smaller Tanks 1,300.

Villus ' - 400

Total = 4,770 tons
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Consequently, even assuming full reservoir development

‘and proper efficient management programs, the project area
waters will still produce less than one-half of the 12 000
ton/yr future demand. Thus, additional sources of fish

" production will be necessary.

A program to investigated aquaCultureI'potentiai within

the project area is highly recommended. if future fish’

product demands for the regiom are to be met. A serias of

...pilot projects should be implemented to determine the tiost.
‘feasible fish farming techniques which can be used for the
area, Some of these, including cage culture and a few pond

experiments, are under way or at least planned by the Inland

Pisheries Division. . A more extensive program is needed

however. Particular attention should be given to the use of

small seasonal village tanks which follow an annual filling

and draining cycle which is easily aduptable to many fish

farming methods..

The Ministry of Fisheries (1975) estimates

that small reasonal tanks can yield over 1000 kg/ha/yr if
stoci:2ad with 6000 fingerlinge per hectare.

Some
include ¢

additional pilot studies to be considerad would

integrated poultry or pig raa,ing and fish

' fhrming systems;

polyculture experiments with different

“combinations of various speeies 1nclqding

tilapia, Indian carps, Chinese Ca;ps, shrimp, etc,
development of shrimp and mullet farming in the
estuaries, and | N

use of pen enclosures for rﬂising high

value species,
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The latter proposal has met with a high degree of
success in number of Southeast Asia courtries., FPish pens installed
in shallow water bodies have been highly productive, . For
example, use of pens on 15% of the villu surface area in the
Tegion could produce a total of about 2,500 tons per annum
or more, This could contribute eignificantly to regional
fish demands and a study of the feasibility of pen culture is
highly recommended for the project area waters .including
new reservoirs, existing major and medium tanks .and villus,

Stocking Progzam

Many of the recommendatious made te improve fishery
ylelds in the project area waters;will be greatly dependent -
upon the availability of fingerlings-and/or fry to stock new
water bodies or to augment existing fish populatioﬁé. The
available fingerling supply from existing fish stations in
the country is about 5 million per year, The Ministry of
fisheries (1979) estimates that to achieve the goal of
50,0%2 toms/yr for inland waters, a fingerling supply of from
50 to 75 million will be required,

Similarly, a large number of fingerlings will be needed
to fully develop fishery potential in the project area, This,
in turn, will necessitate the construction and operation of -
one or perhaps two fishery research stations or hatcheries
to produce the fingerling supply. Estimates of the
fingerlings and hatcheries required will be made in the next
phase of this study,

Settlement of Fiehermen

To fully realize potential fishery fesources in the
project area, a relatively large numbers of fishermen will need
to be mobilized, Acres (1979) estimates that about 200 full=time
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fishermen can be supported in System B following project imple=~

mentation. With full reservoir development and improved
management of other inland waters, the estimated 4,770 tons/yr
yield could support around 1,300 full time fishing families,

Settlement plans for fishermen have been made by the
MDB for the System H area, These include attracting coa3tal
fishermen to migrate to the inland tanks and then settle
permanently there in specifically designated fishery villages.
The fishermen will also be given a small plot of land for
agricultural use, This concept may be very successful in
establishing permanent fishing communities near the larger
tanks, since it eliminates the landless status which
fishermen are often relegated to and promotes stability by
providing added family income, A comparable scheme is thus

recommended for the accelerated program area.
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Table 3-1

Endemic Fish Species_in the Project Areca

SPECIES

DISTRIBUTION

and
ABUNDANCE

HABITAT, .

. COMMENTS .

TWO SPCT BARB

(Darbus

" bimaculatus’

"' Gummer's Coin.

. Common in wet zone
especially Gin, Kalu .
and Kelani Gangas.
Fresent in upper Maduru Oya
‘anc small tributaries of
Mahaweli Ganga. TFound at
the bottom and top of .

Small, clear,
Tocky ‘substrate

" streans of up to
5 minwith,

Moves up torrents
all the.way to

stream head-waters -

;p'spawn‘ o

' The endemic status
“of this species .is

somewhat in -’ -
question since it
may also occur in
southern India.

" CUMMING'S TWO
SANDED DARD

- (Barbus

‘cummingij

Very common throughout -
the wet zone .and the
‘North Central Province. ,
Could possibly occur in up=-
stream tributaries of the -
Mohaweli Ganga,

 Small,clear, fast,

flowing hill -
streams, -

SRI LANKAN

ARG -
(sarbus

srilﬁnkensis)

‘Very restricted
distribution., Confined
within Amban Ganga Drainage
to several small tribu-
taries to the Kalu Ganga, .

Small streams,
Gem operations
and resultant
siltatioa is
causing  dis-
Tuption of i:s
limited mbitat,

This species-has .’

., been just recently

discovered,. The
description of

" this species 'was

submitted for:press
in January, 1380,

CHERRY BARS -

(narbus

titteya)

Very common in wet zone
drainages even down to _
tidal areas, Could possib-
ly occur in the upper part
of the Mahaweli Ganga
Drainage, -

~iSmall, often very -

narrow streams dowm

to C.25 m wide,
Clean water, pool
habitats with

dense aquatic plants,

LEAF LATES
(Belcntia

' sismata)

Very common and wide-
spread in the wet zone.
Found in the Amban Ganga“
and Mahaweli Ganga Sys tem,

i

- Inhabita both

streams and ponds,

. It is a predator

and is even. found
in paddy -fields,

SMOOTH BREASTED

SNAKE HEAD
(Channa

orientalis)

Very -common in the North

- West, ‘North Caentral and

Western Provinces, May
occur in the Mahaweli Ganga
Drainage. '

- streams,

Found in ponds or
turbid backwaters
adjacent to
Prefers
quiet waters with
large amounts of
detritus,

The endemic
status of this
species is some=-

“what in question,

since it may also

occur in Indid, P
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. Table 3-1

(Continued)
'SPECIES DISTRIBUTION HABITAT . ' -COMMENTS
" ang .
ABUNDANCE
Lo " 'Very Common in all wet zone- Found in .both o
‘STONE SUCKER drainages, - - Probably the " small hill streams
- (Garra : most wide-spread of .all. - and in lcyer main -
— endemic ‘fish species. Found -streums. Prefers .
Jlamta) . in dry zone rivers as we.u _rocky substrates, °

including Maduru Oya and -

Mahaweli Ganga,

. Relatively widespread. '  Prefers clear, T
MOUNTAIN LABEO Found in the Matale Oya fast flowing water,
"{Labeo - system near Dambulla, ‘ May migrate ‘
fisheri) Occurs in Mahaweli Ganga ipstream to spawn, .
‘ System including the main )
_river ‘balow Kandy.
Source : Endemic species seminar

~ Data on fighes providad

S.Da. Silva, G. Shut.

sponsored by TAHS 1n Deconbe:, 1979. .
by H.B., Costa, P.R. Kamna.rama, R. 'Senanayaka,



Table 3-2

Species Composition of Fish Catches from Different Reservoirs and a Villu in Sri Lanka

Percent Fish Catch by Weight i
Introduced Indipenous to Freshwaters Introduced
Reservoir or Villu Year(s) Total Catch Tilapia Etroplus Labeo Wallago Other Barbus Goramy Common
(kg) Predators Carp

Rorth Central Province

Parakrama Samudra 1564-66 1 516 010 17.4 6.6 15.3 0.7 1.0 0.1 o

Minneriya Tank 1964-67 563 906 90.7 1.4 5.0 0.4 1.2 . negligible O

Karapola Villu 1964-67 84 490 65.0 3.7 10.3 5.4 8.3 2.3 4.9 0.06
Eastern Province

Senanayake Samudra 1961-64 498 592 40,3 8.5 44,7 4,5 0.05 1,6 negligible O
Southern Province

Muruthawela Tank 1974 21 223 81.0 4.0 0 0 5.6 6.4 i.7 0

Ridiyagama Tank 1974 541 641 95.0 1.3 0 0 2,0 1.0 0.08 0

Badagiriya Tank 1974 648 485 91,0 2.7 0 0 2.6 1.4 1.3 0

Udirkiriwewa 1974 48 008 2,0 71,0 0 0 10.7 11.4 4.8 0
Java Province -

Chandrikawewa 1974 33 570 84.0 5.2 - 0 0 3.7 3.5 3.7 0.001
Java Sabaragamuwa

Frovinces

Udawalawe Reservoir 1974 473 597 96.0 0.5 0 0 2.0 0.3 0.7 0.02

Source : Fernando (1976)
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Pata Pertaining to Existing Mijor Tanks In the Project Area

Table 3-3_

Tank Year (s) -~ Yield Putput Fishing Nymber of
. (kg/ha/yr) (Tons/yT) Crafts Fishemen
967 to 1068 205 1,511
1972 260 ’ 49 88
Parakrama 1975 475 1,201
Samudra 1976 498 1,237 52-93
1977 452 1,124
1978 ‘o322 800
1955 to 1967 75 564
1972 - B2 25 52
1975 219 559
Minneriya 1976 127 319 15-38
Tack 1977 110 275
1978 159 400
1972 - 28 20, 34
1675 405 1,028 ! .
Kaudulla 1976 257 640 18-65
Tack 19717 -154 i 383
1978 120 ’ 309
1961 to 1962 50 96
1972 44 62 64
Fantalai 1976 18 42 12-20
Tank 1977 18 42 -
Scurces § Mendis (1964),,Depa;tmen; of Fisheries apd Pepartment of C:nsus 1

Hendis (197€), HTS Apnex z (1978

Ay

)y Einistry of Fisherics (19792)

- 3~

nd Statistics (1972),



Table 3=4

Estimated Potential Fish Yields ‘for the Proposed Reservoirs Based
on the Morpho-Edaphic Index from Wijeratne and Costa (1979). :

MEAN WATER 17 | Electrical 3/ [ESTTATED FISH YIELDS
24 Conductivity
Elev. Area Storage' Mean < Tg/ha/yr Annual @
T ' o . Depth | -~ - R S Reservoir
RBS‘EI?VOIR ‘ g 2 Micromlos/ ' ) . Total
m km mem m cm . Tons
KOTMALE = " {.6950 5.2 .120 23,1 | 3. 425 -0 130
VICTORIA | 420 13.0 624  48.0 . 60 - © 22 28,6
RANDENIGALA | 219 19.5. 810 .41.5 - 95 - 3% 6643
uomcm‘.mm1 176 18,0 280 15,5 § 169 . ]103 . 185.4
' ROTALAWELA 63 25,0 70 2.8 08 {250 .  625.0
ULHITIYA/ ros.e 202 122 6.0 | 107 . |15 2929+ "
RATKINDA OYA - 1 4 . .
- - ~ - .
MADURU-OYA | 94 34,8 536 9.7 { 138 . . {124 (4315 “'.
17 ' Mean water elevations, reservoir areas and reservoir storages are estimated

from area-capacity curves and using the 507 levels presented in the duration
tables in NEDECO (1579) ANNEX O. RUN 372 was selected for Kotmale, Victoria _
and Randenigala Reservoirs and RUN 374 for Moragahakanda Reservoir., Estimates
for Rotalawela Reservoir-were derived from an. average of the high and low ]
water elevations and using the area capacity curve in NEDECO (1979) ANNEX 0.
The Kandakadu Barrage s assumed to always remain at full storage. Data for .

. Ulhitiya/Ratkinda Oya and Maduru Oya Reservoirs, are from NEDECO (1979)

ANNEX B,
fean depth is calculated as mean storage = .mean ares, except for the '

" Kandakadu Barrage where the mean depth is Appto:d.mated since storage data

is not available,

The .EC ‘values uszed wire taken from available water quality data. Mean values
were ‘used where possible aud/or simple mass balance estimates were mnde
using inflow duta from NEDUCO (1979) ANNEX B.
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CHAPTER 4
WETLANDS AND ‘AQUATIC WEEDS

INTRODUCTION'

: Wetland.s ‘are areas which arex covered by water or ‘have, '\

'saturated so‘il moiatnre conditions over a significant portionnc-:. ‘

_ ‘the annual climatic cyc1e. 'I'hei'r characteristic feature 1s -an -

importance of or. dominance of water tolerant plants (hydrophytes)
ig, the biological commmity. 1o ‘this way they differ from more
permanently wet and usually deeper water covered areaa g\lxc’h as
lakes ‘and from’less often wet, essentially terrestrial habitaés
bot there are. -frequently rather subtle intergradations between

these different kinds. of habitat as will be evident in this

considerat.ion of the uetlands of the’ Mahaweli Ganga at ’a. Vetlands ’

vary considerably in their characteristics according to factors :
-such as duration of wet condition (hydroperiod), depth of
flooding, sal'inity of water and quantities of nutriem:s
available. .

Certain kinds of wetlands, especially those of alluvial

'ﬂoodplams, deltaic 'plains and tidally a‘Ffected lands, are

the most: highly productive zoneo of the biosphere.. ‘This’ s’
‘the conclusion of Whitaker and ‘Likens (1977)1 in their survey
of . primary productivity of world ecosystems. They found that

“such’ swnmps and mBrshes have a mean net primary production of

3000 g of organic matter (dry weight) per m2 ‘per. year. ‘This - )
figure is 20 pe.rcent higher than the next‘ highest category which -
is’ the algal reef ecosys'tem and three times higher than the

Tean for all world ecosy:stem. " Thus there can be mo doubt -that.
these utlands are a very important component of the biosphere.
'l'heir high ‘net prj.mary production sustains numerous other .
organisms, 1nc1uding human beings, by complex £ood web
relationahips.



‘This tendency for- high production under wet conditions
has shaped human culture in various ways. Wet rice agriculture |
.is a notable example. To engage in this. practice people have
over millenia engineered various ways of using wat areas and..
.artificially created wetlands for this purpose. As in any other"
form: of agriculture numerous unwanted species have proliferated
as weeds in the paddy fieIds, irrigation systems and drainage

systems and have caused great hindrance to- achieving high

of ite

; produc’tion<

'l'he- following section describe existing conditions and
R future anticipeted conditions with regard to. wetlands in the o
o project area 'including wet peddy cultivat.ion areas and the
'areas of: aquatic weeds that are associated with them..

: Additionally', reasures wil]. be- suggested for dealing with. some
problems that already._ e:d.st or may later arise ' '

'EXISTING CONDITIONS. °

-Gener:'l'Description of Wetland and Aquatic Weed Habitats -
Harshy- areas, or villus, occur in the Lower' Mahaweli

'ﬂoodplain and deltaic plaitr and occupy depressions between o

natura]_ levee ridges' of the channels of the Hahaweli and. ite

‘various active; and former distribntaries or between these

. Iavee ridges and adjacent upland areas.. 'l'he £loodplain

villns are typically characterized by wata: tolerant grasses

and a wide variaty of aquatic plants... "'he. deltaic plain .

_villus tnnd to have trees as wel]. eepecially- along thei::

margins.
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The fir.st of the villus going downstreem are tue’

. inter-connected Hendapan end Bendiya Villus 8 few kilometera
upstream from the Hahaweli river bridge near Nanampitiya..‘ ~ j.
..At this point the alluviel valley begins. “The, deltaic plein
my be said begin with the first dis:rihutary, the Kandaludu
"Aru which 'takes off from ‘the’ right ban‘k and- flowe on "the "-;;.; '
"western side of the Hahaweli ‘before it 'rejoins not the Maheweli
but another Hahaweli distributary, :the Verugel Aru. .Locations
of . the villus are ;shawn on i"igure 4-1, o

The combined flow of these merged ctreams en‘ters the

" -eee near. Verugal. Some of this wat:er is diverted at the Verugal

' . enicut for irrigation. works Belaw the Verugal Ary there is.

one other mjor distributery, the. Koddiyar Aru, which reechee i .

" .the coast at Hutur. Both ‘this and’ the min channel diacharge

_ .int:o Koddiyar Bey, a large and deep re-entrant of the:-

. continental margin fomed at 'che heed of a 'sublnarine canyon.
The 'shore region of Koddiyer Bay near the mouths or the Hahewel:l
Ganga is a sandy beach ~Tidge terrain of ~variable «width wi.th _"

‘ ‘mngro"e swamps fringing smell legoons -and tidal 'streems. -

. The shore of extreme western Koddiyar Bay epens into’ ‘the .

' elonrzeted and shallow 'rambalagem ‘Bny end its mxrrounding. 4‘

"mengrove swamps, Tambalagam Bay is of interest beceuse it

'Teceives run-off waters and irrigation return flm from the :

* Rantalai Tank of System D end will receive edditionel amount.s'

-after project implementa’tion. Hangrove swamps elso ooour in '
various lerge and small legoons elong the Indian Oceen shore.,‘
The southern 1imit. of the mangrove aree of concern in this
Teport is the estuary at t:he mouth. of the Meduru Oye lmown

.ls the Veleichchenai Aru,

G\
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*mé_ﬁsu‘e tracts of wet ‘paddy.cuﬁpivation exist in
areas {_ rigated by water which is stored gthe several large
. tanks and numerous smaller tanks of the area, These areas
are cropped pribmarily in the wet season and a smelIer a:ea is
,.cult:lvated in the dx:ier perfiod as well, Aquatic weed.s im'ade
these. paddy f:‘.elda,~their asscciated irrigation channels and
drains, and the smallex tanks. In a few areas these ate chronic
\problems, but generally theit abundance is limited by the dry -
season. conditiona. Only where water 15 abundant 'Eor a. large
'.'part of the year such as in areas of ouetructed drainage,. ‘
'certam smaller tanks, double cropped areas and villus, do the
weeds tend to be persistent.

_The: tanks, essp«.ac.:i.a.llyP shallow ones, are wetlands of a.
lund.. Somer. shallow tanks: have. many resemblances to villusr at
least i, their aque.tic plant_ comunit:.'es- But such ahallow
tanks.. aze seldom more: thar & few hectares in extent.. . 'l‘he
Allal’ Tank of System A is a notable exception.. This: large

.shallaw‘ tanle has many of the feetures of a. villu which apparently'

£s what :L!: m befm:e it Eecame a. tank ,as &xggested by ita'
morphometry.n
The deeper tanks (which are generally the larger f.;
N tanks) may' have little' or no resemblance. to any of the kinds
Fafr wetlands descrlbed here. Thia appeara to be the case’

pr:!.mar"ly ‘because of their rathet: extTeme fluctuetions of water -

IeveI. Bv'en deep water tolerant wetland apecies such as
Mhaea “'do not: do well in the h:l.gh water. cbnditions- and. low

: wetaz conditions I.ead to extena:'.ves desaication of the tani.’
beds. When expczaed ‘the few grasses: and aznuals: that cao i.nvade
ther drawdmm zone are subject to heavy grazing. For these
reasonc the drawdown zones of large tanks tend to have a barren

. eppearance due to their thin vegetation cover.



‘villus .

. Water Levels = Water which enters the villus comes
fron three sources., There are. rainfall, runoff from’ adjacent

highar areas and river water which enters: durivg high river L

stages.. The: fluctuation of water level in the villus is a
ccmple:c result: of changing rainfall patterna and river stages.

During. rainy periods water' leve-ls in the villus may be higher .

thatr the. river' level’ and where there are intergpnnecting .c.hannels.-

there- i.~r am outvarrl* flow to the river. . -When e river is. high .

the: row'.mayr bé the reverse although heav-y~ rains’ may produce
outward_ flow even during high river stages-. When villua are'
receiving river waters, their water is. quite turbid with.
Hne—textured river borne sediment.. At. other times the water
3 is. usuall;c qui te clear although heavy rains may carry in much
sediment from adjacent uplands.. :

Most of Ehe: villus have direct comnections to the IE
Hahaweli orits various didtributaries by means of small
channels.. When the river is lmv, much, but usually not- al].
of the water of the. villu. may flow. out through these channals.
Usuallyzthese channels are so small and. shallow that a cprtain
amounr of" water remains in the villu. 'l'his water may also be
Ioat: through evaporation and, transpiration during the driest -
months,, bnr some'of ‘the: villus do retain certain. amounts ‘of -

wtter yaa:: round: izr most years.. Others become dry or virmally so

fo: short pe'r:iods. uearlyr evary year, Even whan\ surface water is

gone there may atiII be wat soil conditions..

V'eggtation = ..The distribudon of vegetation. in the
v-iIIus of’ the allnvial valley tends. to show s characteristie .
pettern-. whieh 13 relatad to tha hydroperiod and’ the’ depth of
.':floodi’ng'.. On the: margins, whare vet. conditions ara brief and
depth of flooding slight, thare are creeping grasses such’ as
‘Cmod tzlon and various essentially terrestrial annual



'plants which are capahle of surviving the brief inundations or
can produce new growth ‘from- seed rapidly enough to occupy ". -
this zone during drier periods. E‘ather from' the margin, the
"depth of' flooding ~increases, and various truly hydrophytic ’
species, appear including some that can- grow well in terrestrial
conditions. aIso. Altemanthera sessilis eand Polyg@num Sp. are.

common in this zone and may be found at different times growing

‘in or out of the water. Jussiaea repens, Scripus grossus,

-‘J‘uncua effuses, ]’.jomoeax aquatica\ and Monochoria Hastata are,

'coumonlyr present‘ in this zoﬁe. 'I'he commonest species are’

va:ious grasses, including Panicum repens, Fygx:ohiza aristata,

Brachiaria spp., Sacciolepsis interruota, Echinocloa colonum,
Paspalum vaginatum Oryza app. and Paspalidium spp. Some of’.
these grasses, eSpecially Hzgrorhiza, extend into deeper wate:

wﬂere floating }.eaved forms. such as. Apono&eton eris Jumr A. uata'na,
gmhoides sp. and the submerged. floating plant Ceratophyllum
demersum occur. Nelumbo nucifera which has Eloating and.

emergem: Teaves is sometimes abundant in this zone. Beyond N
th:'.s zone i stilI. deeper wuter and more ptolonged i roperiod -
an. associa.tiou of ijphaea ste lata’ and Ceratoph m demersum.

i& charantetis tic.

_.The floating aquatic plant ooumunity can move in and-:
out oEall of these zones with tha .rising and falling of water
Iavel..\ Comon ﬂoating plants are. Salvinia molesta and 'rrapa

bispinosa. , Pistia stratiotes and. Azolla pinnata aze sometimes

abundan.t.A Spirodela polyrhiza and Neptunia oletacea' occur

occasionally. ) Som..villus are at times heavily ‘covered by*
S‘a‘lvinia (_flaat.ing ferm)..

Some trees occur in wet conditiona. around the ul:gins,
of the roodplain villus. ' Imong these are Teminalia arguna,
Madhuca lonjifolia, Barrinthonia asiatica and Mitragyna parviflora,
In'the deltaic plain vi‘llus, depth of inundation at times of -

flood peaks 'is not so great since the flood: waters spread far




~

and wi'de over the delta 'lands. Here trees are more common and
more widespread over the villus and inclu,*ie, besides the
,above, extensive. areas.of Hibiscus tiliaceus, - Villus in, this

area .are. transitional with what are essentially areas of
swamp forests..

T

Area' of Villus - Since complete aerial photographic

: coveiage of the area is not yet. available, it is not possible to
‘ give- an. accurate estimte of the- area of villus at the ptesent
. tim From estimates of the area of nllus made _during _
feasib:.lity studies of the irrigation systems compasing the
project area, it is apparent that they comprise appro:d.mately
'12 000 hectares. = The report by Hunting Surve s, Ltd, (1961)
states- that there were 40,000 acres (16,200 hectares) at that
."time. wh.ich. would imply that a- sizeable -diudnution of, villu
'area may have already occured, A Pisheries Ministry papet e
on:development of inland fisheries (Fisheries Ministry, 1979) -
geve an estimate of ,10,000 acres (é 0S50 hectares) which is
obviously an underestimate. Without detailed vegetation J' .
surv'e"s itis not possible to meke an accurate estimate of the
size of swamp: forest areas, but it is probably around: 3,020
hec:are..-

Eivestock and Wildlife = MNater buffalo und ca;ttle
__arei very- important species in. villy ecology dua to. their
'Aheavy- utilizatiorr of these. lands: for grazing. Fishing' is
.am important activity as well People a.lso gather edible plants
 from the: villus to & certain éxtent as well as materials used

in: weaving,.

'l'he .illus support a. large variaty of wiIdlife year
'-‘round and are. especially important habitats to many other
species during the-dry season when surrounding lands' are ° ‘

: particulerly non-productive and lack wnter. ,Details concerning |
’wildlife in the project area aré- presented in Chapter 9,
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Mang'rove Swamps

Distribution ~ 'Mangrove swamps'occur.in a nmarrow

‘ coastal strip. " Those like].y to ‘bé’ a.ffected by the ploject.
extend from Tambalagam lJay along the southern' shore of
Koddiyar Bay and "down the Indian Ocean. shore almost. to
Betticaloa (Figure. 4=1). The mangrove: swamps have already
--been substantially impacted Sy cutting,. conversion Lo other use,
and obstruction’ of tidel exchange.. THe recent cyclone '
(November 1978) also did consideral;le damage to the- remeining
mangrorve forests especielly in the southern -part of the
eree. . ,The remaining mengrove swamps and the estuarine watar
bodies around which they exist support 1mportant ‘fisheries |
. resources ir.the Koddiyar Bay area, the Valaichchenai Aru.
estuary at the. mouth of the Maduru Oye ‘and in the coestal

mters« betwveen these places.,. .

Varinus- authors have described mangrove essoczations
fbr particular areas of Sri I.enka or in.a general wey for thé
‘island as-4 whole (Tennsnt 1855, Abeywickrama 196.3 Aruchelvam
1968,,,and Kugathasan 1969).,, \Iorne of these studies specificellv
refers tor the. area of. concem in. this report.. It is cIeer fror'.'
these and other studies (Gaussen et al., 1968) thet msngrove .
swsmps throughout:' Sri I.a.nke heve- been subject to- heavy '
' eproitetion for 8 Iong time and- that. virtually no.effort’
hs.s beem msde to protect' or refo-rest these- aress-

P i

Hangrove Vegetation - Tk is« apperent that the S

- mamgrove swamps edjscent to the project: area are substantia].ly
different from those described fromr other perts. of the island
'rhis :Ls reflccted'r in" e. 1ess di:rerse group of species among
which only a few account for most of the vegetetion -cover,
Some species heve probably disappeered entirely from the .
eres but since previous accounts are lacking- this ¢anmot be -
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proven. The :;ends Brngt_:_iera which is-.a valued source of:
firewood, chercoal and pole timber throughout tropical,
Asi& and which is represented 2lsewhere in Sri Lanka, is
absent or rare in the area, probably due to~ averexploitation..
Some types- of mangroves, includ.ing Bru guiera, do. not reproduce '.
s well." from seed espec:.ally when heavy cutting— leede to extensive
c:.l}.ea:r::l.ng.~ The seedlings are heavily preged on by -¢Fabs’ and
_.-other. organises and, clearings may also be quickly invaded:-by -
species which form exceptionally dense thickets such as. )
* Acanthus. ilicifolius and Hibiscus ‘tiliaceus which furthe:: |
. redice reseeding of cut over areas. .Thickets of these-- t.vo .

. species are very commory in the area in cut over areas where:
stumps of othet Species are still present indiceting that

these charges. have occurred,.

The mejor species which exist in the area ere

!hizoghore umcronata, Avn.cennia marina and Acanthus {Iicifolius.

‘Lumni fzera racemosa, Aegiceras ‘cormiculata and~Scyphiphora

_l‘_!zdrophzllacea are relatively common,. Sorneratia caseolaris

.- is am uncommon species\,, L e

Accord:.ng to Dr. Balasubramaniam of the. botanr
depa:t:nent at tbe Univeraity of Sn. r.anke: at Peradeniya. there :.
is & very rare endemic species, Sonneratia aperala, which’ is
knowm ta e:dlst only frour severaI specimens in-the project aree.
nea: Hutm:'. . This: was reported to: him by the Dr.W. Hacnae, one
of the world.'s- leading euthorities on' mangTove swamps..-

Mmgrpve associatess including Acrosticnun aureum and

Hf.biscus tilieceus e:d.st along the‘inner mrgins of the mangrove

. awamps in the zone of transition to riverine t'orest. Just inland
of these- there are: scattered small scands of the giant reed

j Phragmites kar‘d.s. The higher, less frequently' flooded ‘parts:

, of the tidal. lands. are. hypersaline barren flets which are
extensive in the area. Along the fringes of these halophytes such

) as Arthrocmemum indicum aud Suadea monoica are common along with

. Acanthus _ ilicifolius.



. Other Wetlands. °

Smaller shallow tanks of the area often supporxt’ ‘an
aquat:l.c plant communi ty that is similar to the villu comunity
but usually‘ of ar reduced vanety of species. Such tanks may
"have wide fluctuations of water level and may become~ completely
dry in the dry: season: hi,ch results in & selection for species '
capable of withstanding dessicated conditions. Those with-
rhizomes that endure the dry period tend to become* dominants.
. Nelumbo nucifera isa good example and. it i.s often the- principal
‘species in the sh&llawest tanks or ix the. shall.ower parts of’

" tanks, In: deeper water situations Nymphaea stellata, another.

fom with drought resistant rhizomes, is common. Species of .
Aponogeton are also. coumon fn shallower and ‘{intermediate

. depths and are also- favored by theizr drought resistant B
undergrpund organs., " Othe: plar.rts~ that can survive dry
.conditions. for. prolonged. penods ére also abundant, 'I'hese ’

"include many- of the same grasses typical of the villus and

' foms such as- Polxgsn sp. In such tanks Ceratophyllum demersum
.-is coxmon. Floating foms are also abundant in some of the.
tnore permanent tanks including the problem species, Salvinia

'molesta..

'ﬂm: high level in:igation. canals which distribute the
wate:: from larger tanks in the: area )usually age constmcted wIth
bunds on: thei_v:. dowas]:opa side.. ‘Where: they cross terrains. of
Iow slope,. water ‘may. sprsad ove: wide. areas. o the opposite.
si.de,. and wetland areas characterized by various grasses and- _
'rypha javanica gxi’st Certain other areas of’ wetlands exist"
where bunds of irrigatiom channels czoss depressions in. the A
ten'ain and c:eate. impounded d:ainsge cond:l. tioms. - -Typically
t.hesn: becom area& for water weeds and will be: described in.
the: section following.




areas of Water Weed Infestation

. Water Hyacinth = The occurrence of water hyacinth -

: around the~ Kaudulla Tank is an. informative case to considerv’ as
an illustration. of how these weads can be: spread and established
in an area. Since other occurrences in tha surround:.nc area-

k ere not known, it appears probable that this plant was introduced

¢ into the- area by human’ agency probably prior to. "1969. That. it
suz:vived and began to spread owes umclt to .certain conditions
fbund‘ in th.s area.. The Gal Oya- ‘and. the Minneriya-i(antalai
Yoda ‘Bla. which: intersect in this'vicinity px:ovide water and -
nutrients to. the area yeer round.. Impounded dra:.nage on the .

western side of the Yoda Elaas & result. of bunds-and other
obstructions to flow created slack water areas. favorable to -
water weed proliferation. Humaz - settlements in this ares may- have

: added. nutrients to. these. impounded areas. and st:.mulated growth

‘ of water weeds- The- blockage of the_ Gal Oya just below Gal’ Ova
J’unction: by a rosd crossing which allows only culvert- flow: at
lowet Tiver. stages is an example of the kind. of obstruction~: .~

' that: c:m. favor the: establishment: of water weeds.' This imdiat,e
arear seems to be the= centel: fron which the water hyacinth has
.sp'r,e,,.d . (See Figure— 4=1).

What is already' happening in system D is a ver;r good .
dl.lustraticn of" what the. inpact oE a water hyacrnth invasi:on: o~
can be~ l.ika._ In the vicinity' of GaL Oya Junction water hyacinth
has: been. pment t‘or at least: oine years,. perhaps longer. At:
the— present: time it: occupias extensive areas ‘of water: surface: and
grows in very robust from- with' leaf: petioles up! to nea:rly a~ o
metor in; Iangtlr i'n some;, spccimens.. : Denser floating, mts are
heavily- invaded' b}r ‘Mikania: scandens: a vine which.v tuines about
‘the hyacinth. plant: to form a. tanglad mat- m i-s even prasent
in. this tnat. )

k-
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"Water hyacinth extends ‘from- Gal Oya Junction along
the Minneriya - Kantalai Yoda. l';'la and is said by irrigation _
engineers in this district to enter the Kantalai Tank frequently
:althonglz it is not presently known to have escaped from the
Kantalai Tank into its command area as- it did from the’ Kaudulla
’rank. The Minneriya-l(antalai Yoda Ela is a principal feature
o‘f the éntire project. - The occurrence” of water ‘Hyacinth in
this important artew- for’ transport of irrigation water ‘has.
very serioua impli‘cations. ' T

Domrstream of the Kaudulla Tank water hyacinth is.
extensively spread In the Kaudulla Oya, the principal
drainage way below thisg: tank, water hyacznth roots in the
'soil of the banks when the. water is low and grows as a terrestrial
.plant only to renew its aquatic habit when the water risea.
_From this channel and also through the irrigation channels it
‘has entered.‘ the. smaller scale irrigation and drainage ways .
whare.its effects: are ‘most damaging,. In these drains it .
»*'requently occurs. together with dense - stands. of Scirpus grossus
end. f.oquentlyr with heavy growth of Igomoea agt_xatica. Buffalo
observed feeding in these drains were selectively' feeding on .
the- Egomoea and: leaving the water, hyacinth anne. “The: growths
may -be . so thick that they more or less completely Block the
drainage and'backed-up drainage. water overflows into fields
can:ying the water hyacinth with 1+

Several milas downstraam of the Kaudulla ’I'ank local
,rasidents .say thal: it arrived in their area only about four
yeara ago. (1975:)-. -It now occurslvirtually throughout the
‘ ..annand area close to the principal drainaga way. (& is )

estimated. that its removal at present tosts about 2500

mpe.n per acre of water surface covered - but generally “funds.
are_ inadequate to Temove more than a minor part of it. Local
residents have been asked to remove it themselves but such

N

efforts have seldom materializad
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There is no particular reason to believe t:hat. what
h&s happened in System D will not also happen in the other -
: sy..tems. When iL does: extensive.crop losses can be expected
The K’audulla Oya:. discharges into the Mahaweli ‘Ganga in which
wate-r hyacinth can be. expected tor spread into. all connected’ .
watar bodies downstream by the river currents-

. Ploating a.quatic plants may provide the: substrate to.
support the. growth of other wetlands species with a non-floating
‘habit, A good example: of this can be seen at” ‘the Gal Oya -
.Iunct;[on where- the. dense stands of robust: water hyacinth are :

. heevily overgrown. by the trailing vine Mikania scandens- which
binds together the water hyac:.nth into stable mats. Panicum
repens and even Izph_ais rooted in this mat., Such aggregations ‘
of roatiqg plants with non-floating species Tooted in them

‘ are referred. to- as sudds,. a name: derived from" the large swamp
in the Sudan known as..the: Sudd where. such octurrences- are common.

-~

FIoati—ng Fern - Tanks in Systenr,B which have heevy
growu.s of floating ferns (Salvinia) often shcw sudd: formation-
In. these,. smel]. sedges (nge S. Sp..),. Ipomoea aquatica,
Po]igo_um and Panicum species colonzze. the dense- -floating”
.. growth - of Salvinia. Patches: of this assemb'lagea of plants: camn
be. seen floating about on the tank surface where they- often
B cov_er'nearly- the: _entiv.'e area,

Se~lvinia molesta is widespread throughout the area.

rt—: frequently covers the. surface of small tanks. and. villus.. .
2 Aress of impounded drainsge due to. bunds associe.ted with
irrigetion. and roocL control. works are usuallr wholly ot peu:tl}r
covered.. Tn; many- areas i.t: oceurs fm rice fields,_ espec:.a-lly .
those of poot drainage or those that: have been. affacted by
rood:Lng. It is very abundant along the: Lower: Mahnwe‘li Ganga
drifting a.long in the. current. and becoming stranded in.large
mssses im th.e vegetation of the banks.," o T
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It should be noted for those not familiar with i
Sri Lanka that Salvinia is usually present here in its third. :
pbase- gtowth form which’ is quz.te* different in" ‘appearance and
far moze. robust than the second phase growth form usual.ly seen
in more temperate latitudes.

. OtHer Aquatic Plants - Mha javanica is also ‘
widespread throughouxt the area, It is eSpecially common in-
rice. fields with poorer drainage conditions and some such areas
have been vi:tually- aBandoned to. this weed rIt occurs as o
well. in. the mnor irrigation and drainage worlts whe-re its flow
blockage effects are severe. Owing to tHe tough solidly Y
rooted abundance or rhizomes characteristic of &Pl’i it is.
extremely difficult: to eradicate. )

Rire fields with poor drainage. have a large variety
: —of aquati'c weeds besides the above. Even. Nymphaea stellata
is seen in extreme cases.. Such places are usually being . actively
i‘n!adad by Typha. tympho:.des indicmn, Asteracantha longifolia
' snd Scripus grossus. may be comon.. These fields are only
ma::g:.nally productive and arae often abandoned but remain: as .
centars £ot spread of aquatic plants: to nearby areas,. -’ ‘

¢

Rice’ fiel.ds of better drainage may also have 1arge .
nnmbers o£ weeds with 1arge. numbers- of sedges and grasses
-among them.. These include species of Ranicum and Echinocloa,
large. nmnhlrs of: sedges of the genus- %erus, Leersia hexandra,

and Erans tis tenalla. '

l".arger and. intermediate scale irrigation channels-
somatimes have weed problems. ‘l'he banks are usually Iined by
Panicunr and. Bchinocloa species which. float outward over. tha.
wntox: surface. ‘Ipomoea a_g_tﬁsie can. also send- long streaming

shoots Lut over the water surface..




Potamcy-eton sp. occurs in some areas as a submergent that-
f,loats near' the. water surface. Hyarilla verticillata and
Vallisnerig spiralis are ‘Sometimes extremely abundant.

Agonogeton cris Jus, A. natans, A. monostachyon, Najas minor

and J’ussiaea repens are sometimes common.,

The‘tninor-"i.rrigaticn‘.'diltchea ‘whilch i:‘eed the rice -
fields: have heevy growths of various water tolerant planta
which must regularly be cleared by the farmers. Panicum and ,
Echinocloa species are again veqr abundanr,. m is commn
as: well and in many areas Penni setum typjoides is. very abundant
i.n: the ditches. Other common. forms are ‘Commelina saliciforia,

Alternanthera sessilis and Mimosa gudica.

Many of the. same sgecies which occur in the better
drained paddy and 1n the minot i‘rigation works occur’as well. 7
‘on. the- paddy- fleld bunrls, These bunds cover 2 large area. of land'
and"wherr they are ot kept’ trimned which is more often than .
not the: case, -they represent: an- abundant: source of seed for
weeds. _This is also true if t!'ey are. only trimmed after seed

‘. .
- -l‘

has clready matured..

. IMPACT" ANALYSIS
Effect of Changing: "dver Flovr

'At ﬁJ]‘.L develcpment of. thc diversi.nn- schemea, described
by NEDECO (1.979) about 60° percent of the: total annual. Mahawel:L
Ganga-, frcw- (as measured at Manampit‘.iya) will be diverted
Mm:!:. oE this fIow w:LlI. b& divarted to othar drainage basins and
nnt ratur:r tor the Mahawl'i. Gangs, Of the remainder probably g
onl,r 20-30 percent: is likely‘ ta re-enter thi.Mahaweli as-- . *
frrigatfon ‘retven flaw and. perhapa less than this during the -
dry- seaaon. AIthough the NEDECO ‘'study in- its environmental
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seot:.oo. (Annex 'K) states as a recommendation. for protectiotr of
-' fisheries that "the minimum discharge of the Mahaweli should
not drop below the historica]. minimum} it is nowhere clear

from the various project reports that such a _drop ‘canbe avoided.

Hio" vrirauy, the mininmm discharge of the ‘Tower *
river usuelly occuxs in March, - ‘Since this w.lll be immediatel v
. after the period of greetest water «accunmlation in the reservoirs
it may be possible to. keep the flows ~for\IIarch at their
E hi.storicat levels, "But’ then will follow a six month l‘ong perlod
'-(April. to September) of heavy demand for divers:.on waters. with
no aet accumulation irx the ‘Tesérvoirs (except for a minor
‘increment in August). Tt fs difficult to forsee. any -other
result than a fail of river flow during much- of this period
. to levels éven lower than the March level. This .low water
“lavel will not only be loweq bat more prolonged as well,,
"During exceptionally d:y years there may be almost. no. flow id -

. the: I.owe: tiver..

N'EDECO~ (1979) indicates ‘that in earlf s..ages of the
" Mahaweli scheme (prior to fnll. diversion) there may be more dry-
._"'Aseason row then usual in- the lower- river. This: may be- based
ox the view that return flows will be lerge in tha dry- season.
t‘thz.-r may not be- substantiated and néeds further documentation,
 but; at .any rate, thi.s would only postpone dry season river flow
‘reducd.ona for a short time it longer range plans for greete:
di.veroion of water frour the Mahawoli besin are completed In
th.'Ls scudy it mat be, assumed thet they w:l’.ll be : ;

Wetezﬂbalanc'e stddies are h'o‘t yet. available which -.
predIc: the effects. ‘the ptoposed diversion wilil hnve om river,'
stages in the lower Hahaweli (for instanoe at the Hanampitiye -
gag:[ug station)., Thi.a would ‘allow. much better judgemem: of the
effect: on the floodplaitr lauds. Lacking. this, it.{s necessary
.to: ptooeed quelitatively in. a description’ of the emrinomnental
itnpacts of changed river flows.

416
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villus = The annual cycles of rainfall and river
flooding are basic factors {n the existence of vi llus in ‘their
praser.t forms.. These bring about prolonged periods of flooding
in the lcm-lying areas and. also transport nutrients into them,
supporting a. high level of net primary- productivity wiich: in
turn supports high populations of- wildlife and fish. Around.
the. villus there are also sireable populations of domesticated
grazing animals which- depend largely on this. primary production
source as do those famrlies whose. food or livel:.hood depends "
upotr grazing animal or. fisheries resources. This. dependence .
of animals. and homans on the villys is especially critical
during the dry season .and drier than norma]. periods.

S The impact of the reduced flow of the lower Mahaweli
o the villus. will be a substantial reduction in their area by
‘an. indeterminate but probably' large amount,. 'l'he reduction of
high Hyer ﬂlows will tnean that the higher, less frequently

3 rooded areas. of the. villus will ne. longer be subject to

immdation and will no: longer have the characteristics of

.wetlanu...' Different kinds~of terrestria]. vegetatiorr will o
'become established. or the’ vilIus may- become. altered in. ‘other ways

such, as by cult__ivation of paddy or utiliza ion for other purposes.

Reduced dry season flow. will lead -to prolonged _exposure

'cf some: forh‘:erly' water covered ville araas to- such an extent

. that ever Iarger areas. tnay' ossantially lose their character

aswetlands- These: areas wil.L be flondad on.ly briefly by the .

'diminished rivet roods. Much raducad areas. wilL retain

assentially wetland charac terist:ics'.

'm- dec'line in: area of these important habitats will

‘Iead tor & loss af wildlife from the area. in tams of number of
-individuala and probably- in numbers of species as well _The

- same can be expected. wi.th fish and okher aquatic organisms '_

i‘nc.luding those exploited locally in fisheries. Cattle and

‘water buffalo will decline in numbers due to the: l.oss of area

-8
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of h_ hly productive grazing 1and aggravating trend that
already is affecting the area.. The buffalo,. population in System
D. has declined by two t:hirds ‘and. the cettle population by one
fourth in the last several years largely as a result of:loss *
of grez:.ng land., The reduced areas of villus will be subjee* .
to- ver'y intense grazing until the number of animals declines

to a* new equil.ibrium‘ level.

'me. buffa-lo is an especially :.mportant Species in. the
villu ecology and has special importance in human ecology as
welt since it providea draft . power, fertilizer ‘and. food.. Pathek
(1979) has show:: that when buffaloes _are used ‘for tillage and
threshing the ratio of power output to power input for paddy
production’ 13 higher than when tractors or human powexr alome .
is. used Pathak notes that this has obvious signi.ficance in-a
time of dwindling oil Tesources.,.

Due t.'o reduced- nver fiow the Hahaweli can be
expected t:o shovr a. greater tendency to cut laterally-into :

A earlier alluvial deposito. Slumping of banks. on: the naturak
Ieve\e lands will diminish the extent of certain lands adjacent
‘ to- the' chennel including some villu ereas. Btidges and other

puinc. works my be: endengered,or lost’ due to lateral wnndering .

.of the diminished river over its former channel area. Inm
System. H, for inatance, ‘the rala. Oya. has descroyed a recently-
constr'ucted bridge a few kilomete‘rs d’ownstreem of t:he Kala Wewa.
This my have resulted 1n pert from a grcetez tendency of the: .
chenne.L to migrate folIowing reduction of flow fronz increased
diveraion of mter.

gl_A_nmiwa_mLs - Reduced river ﬂow will also affect‘

mng-rcve mmp arees.. ‘Less river wecer entering Ihe coastal ot
em will. leed -to generelly- higher selinity conditions in the '_
eetuarine region especially during: perioda of low river flow
whiclr wil.f become more prolonged Since t:he law river flow"

" conditions coincide with the dty period, selinity increues may

bea lerge. ‘
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Even now the intert dal area is characterized by
iextensive. areas of barren hypersaline tidal f1ats in the areas
that are less. frequently flooded by the tides. When salim.ties :
increase such barren flats will increase' in’ area and spread over
"areas now vegetated by mangroves.. There may also be & tendency
' fot mangroves to spread into areas where besicall-y. fresh water
‘conditions now prevail ,as salinities increase- but - since these:
' areas are for the most part already in utilizati'on in various ways
A.by people now in the area’ such saline incursions will probablj
.'be 1imited At any rate, any new mangrove areas that may come
‘ into e:d.stence through salinity intrusion will do so at the. ,
"'expense of other land uSes such as paddy areas or grazing lands. N

Another impact on the mangrove swamp will be o£ a

: .vsecondary kind, With the’ influx of greater numbers of peOple into
. the aresa as settlers and: from the economic stimilus of the

) project on the whole region, there will be a considerable increase
ix demand for: firewood chercoal and structura]. timber, 'l'his .
will Iead to greater cutting of mangroves unless effective measures
of pro..ection and conservation are taken. " Such cutting is

'.apparently already going on at.an excessive rate in the area .

. wkthr no. conservation practices.. Heavily cutover areas inm

- mangrove. swamps do not- readily regenerate naturally. In the

~ higher parts of the intertidal area cutover areas may become.

barren flats due to increased evaporation and salt accmnnlation

in'. the: soil. In other areas’ regeneration wilI ba hindered by

growth of thicket forming species and predation on seed}.ings

by ’verious organisms.

. . Economic assssment of .the potentiaL resource loss itr
the project is hampered in various _cases. by tt&e faot thet many -
resources that. may. be lost are as yet: underdeveloped or have B
been overesqloitad. to: the point where their continued viability-
is dubious.. The. mangroves are' a good example of a case of '
overexploitation with little effort. to protect the resource for
- later generations. Mangrove reforestation is a. difficult o
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-.undert:.'.cing e_\!ren' when active conservation programs exist, .Where
they do not exist, as i{n Sri I;anka. .there is little that can be
expected except & continuing declinea. This has broader
ramifications with respect to fisheries which are linked to.

these resources.

Tumer (1977)' has shown an interesting relationship

that indicates- that: the catch oﬂshrimp is correlated with the -
" area of intertidal vegetation (mangrove swamps and salt marshes)
and that the yield of shrimp per hactare of intertidal ’
E vegetatiod increases approeching the equator because. of the
. larger amounts of solar energy. Sri Lanka- for- instance, is:
shown; to have a high yield' of shrimp per hectare of intertidal
" vegetation of the order of 170 kg/hectare, a figure exceeded by
only a few places in the worid.. 'l'hus the loss of a hectare: of
mangrove would result in’ the loss of about this amount of annual
shrimp production. Since shrimp trawling also results in fish
production that may be 4=6 times larger the loss may be far
greater for the total fishery. As Turner. states "The economics
of mechanized !trawling io deve10ping countries are such that
the sh:-.mp catch pays for most of the effort expended catching
shrimp dnd- fish. Even if these same fish were nat estuarine-
‘d’eoendent and were present after removal ‘of intertidal areas, -
Tnt most. instances it would not ber economical to harvest them,. "

Impact of Return Flows and ’Drai'nag‘e Waters

-— !,

A numbet of changes that Will result from the project
wiIl tend to increese local runoff from upland areas into
low-lying areas such as villus, paddy fields. and drainage wayS,
Some of the upland areas will. be cleared of forest vegetation
ta ‘be: placed in agriculture.. 'l'his will have an imediate effect

-\

) of' increasing runoff from the cleared areas. Many of the crops -

that may be culttvated require good-. drainage for best production
‘'so Lt is necessary to design plantings so "that locel heavy
rninfalls or prolonged wet periods do not lead to water-logged
soil conditions.. _'l'his also. ®equires increasing,runoff into lower
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) areas. Sediment from eroded soil and nutrients from fertilizer
A".are also’ discharged by this runcff to the lower lying areas
where they may have various adverse impacts primarily from
“sedimentation and eu trophication,

Human settlements on uplands also have significant
impacts on. runoff since they are.- areas that must have. good
,drainage also and are areas of heavy water use.. This mnoff }
includes the waste-water of the human settlements which may lead
to eutrophica.tion land disease transmisa:.on to: the areas receiving
'the- runoff from the settlements. 'rreeless settlements with
tiled roof housing' and extensive paved areas, to give anm y
example, will obviously discharge water faster than the same
areas wnuld if they were covered even with light forest..

It is apparent that retum flm from in'igation and:
'drainage will be. a threat to the preservatiom of the villus in
) their present state- ‘This is so. for various reasons, For-

, enmple, the fact that ‘the villus are the lowest—lying features
' fo the landscape of ‘the alluvinl flood plain (except for the
river ::.cnnel itself) rr.akes then obvioua places. for. discharge
tof irrigation Teturn flows and drainage waters.. Or, ‘as anohher-
- emmnle,..the reduced. volume of £low’ of the lower Hahaweli Ganga
'"wnx meaq that the waters antering ‘the villus frcm return flows
) and drainage will become proportionately o£ mucl-, greater’
: :I_mportance in‘ the overnl.l water budget of the villus due to

I’ass river wate: entering them.

Butrophication is a. techuical term for the process of .
- nutrient accmnulation fn & biologicaIL systeni. / It ia chiefly '
*-‘ that may' have devaatating effects on: the s'tability of the system.
”'rhia. £s~ so because aquatic systema have production level maxima
that: are related. to the speed of oxygen circulation through the

" system.. 'l'his circulation of oxygen has Fhrilte limits which are

" set by watar flow velocities aud diffus:.on rates of oxygen.

o -2
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Since ‘iffusion of oxygen is slow, still’ waten aquatic habitats
may be especially limited in the:.r overall level .of production
‘white flowin_g, water habitats are less so.

. In® temperate ¢lims tas one of the first indications of
eutrophic*tion of a water Body is the appearance of large -
mnbers: Ca phytoplonkton. In t.ropical and subtropical .areas ,
this~ stage mi quickly pass to a, stage in which floating aquatic
vegetaticn b gzns to proliferate on. the surface. When such
growths become dense they shu: off light and restrict circulation
of the water so that poor’ oxygen conditions develop very quick.lyr
{in the water beneath the ‘loating plants. ‘When the production
level of - an aquatic system progresses through eutrophication to
the point: at which oxygen. cireulation is no longer adequate ‘

fo sustaih it then mortalities of certain alements of the aquatic

fauna. may- result.

The_ Handapan Villu which fs the most upstream of the.
" villus is likely to be one of ‘the most heavily impacted of all.
'l'his«vf 1lu will} receive return flow and. runoff from ¢ large area

' of Systcm C.via the stream called the Hungamala Ela., The

' -Handapan Villu is not presently cormected. to the Mahaweli Ganga.
Pcssibly a direct connection once exis.ted. but this may. have ‘beén

".savered’ by the. construction of a tank near Yaldcure. Currently

i this villu- overflows into the adjacent* Bendiya Villu which has

L had unti.l recentl]r rather direct. co,nnections but: these are

. obstructed .now by road crossings which have confined flaw ta.

‘ smsII culverts and reduced flow velocities ta such an extenrt .
that the channels: have become ‘choked with sand.. Thus, the '
Handapan and- Bendiya Villus are: more or less isolated. from the.
river‘ ex.cept at times of high. flooding'.. Runoff and irrigation
return flows. which' will. be entering ‘them fn abundance' following'
the implementation of. sttem c agricultural development will

- tend ta keep these villus flooded.. They will also’ bring about

. eutrophication, proliferation of aquatic waed species,
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sadir: wtation, accumulation of various pesticides and possible
salinization around the villu marg'lns.

Around villus. in the uppermost less frequently flooded
margins there is often a: zone of relatively little vegetation
' cover,. ' To some extent this 1s due to heavy grazing but it also
seems probable that these are. zones of occasional high soil
'salinities. expecially dur:.ng the dry season with retardatiox of .
Iplant growth.. due to salt, It is to be expected that with
~greater amounts of drainmage and. 1rrigation return flow waters
_ente:ing the villu depress:ons such salinization is likely
to increase and affect a broader zome. around the diminished’
.villus. This will negatively affect the quality of these
lands ‘fo‘r grazing animals by reducing grass production, ' The
poasibili,.ty that these soils are already salinized should be
ct_i“eoked by field measurements duri'ng.'_the next dry season.

Impa'et From Aquatic Weeds

‘l'he introduction of large amounts of additional water
and fertilizer and the. creation of large ‘areas of new aquatic .
‘habitat: will inevitably increase the numbers of aquatic plants in
the area. Of. ‘these,. particular problem species. can be expected
ta vigorously proliferate.. 'l'he three majpr problem species,
water hyacinth Salvinia and Typha, can be expected to spread
rapidly through the system in fact, they are already doing so,

Other problem species, especially numerous grasses and sedgea,
wiLT. become. more of a mu.sance. Extensive efforts- to control
aI]: of these apecies wil.‘L be: required and will add to the cost
of operating the irrigation and production systems.

. : . HRIA S
e e ' /.

Where. eutrophication is par.gicularly a. problem due to

: raturn flows,. runoff from upland areas,. wastewater or other sourcea,
_'"chronically poor water quality and persistently dense growths of .
water weeds: can be 'ex@ cted., Smaller tanks and the diminished villu
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areas that will remain after the project will be especially

" vnlnerable to these xinds of changes as indeed many are

alra....,. Such- conditions may reduce potential fisheries:

resources of these areas..

The large reservoirs associated with the hydropower
and n:igation schemes may also be invaded by' water weeds,
The- occurrence of water hyacinth in Gregnry s Lake near

Nuwara Eliya is supportive of the view that water hyacinth could

possibly occur' on- th’ese reservoirs. Simil“ar reservoirs in many
parts of the ‘worlId ha.ve been’ invaded by water hyacinth and

‘Salvinia, Salvinia will probably occur also in the lower

"resewor.rs. Out-Breaks of water weeds would not occur if

jcatchment areas’ could be protected frc'n extensive deforestation ]

.reforestation and may not be attainable.

and settlem.nt. In this project, this may be possible only for
the Kotmale catchment:, but.even here this will raquire extensive

‘Tt may take seéverail years for water weed problems to
becom: severe and chronic in the reserveirs due to a time lag
during which putrients will be accummulating in the system, If

watar weed cover: bacomes extens:.ve, oxygenation of the. reservoir

watar will become poorer and limit tnen: value for fisheries.

Water weed infestations such as those already known'

‘ to occu:l: on: scaller: tanks in. System H and System. B can be expected
“tor- occur with increasing frequency. Snnller tanks- which Yeceive

apprecfable .amounts, of runcff and irrigation retum flow such as

" the Vakan‘eri. Tank of Syst B will be even more seriously and -
_ quiclcly affected .

" Reduced flow in the 10wer Mahawe’:. Ganga will favour
more extensive.growil: o "Salvinia which is already common. in the
Tiver channel.. Ciminished flow velocity will mean that these
_'plants will not be carried do-.mstrea:n end out to sea as rapidly



as. hefore while their growth rate will increase from greater
quantities of nutrients in the river water, The possibility
exis..s that Salvinia may spread at times' of lower water flow to
cover the entire Tiver surface as is the case in certain other
Sri: I.ankan rivers such as the Deduru Oya at the present time,
.Below the Kandakadu Barrage where water flow in' the lower :

river wil]. at times. be most sharply reduced these proliferations
can be expected to be most severe. Tn. the 290') hectare resewoir
behind the. Kandakadu strutture, Salvinia is a_lso likely to
become abundant. Since water hyac:.nth ia alraady well. established
and' spreading near to these areas it should be expected that it A
will probany enter the lower river. and the Randakadu Reservoir
w_vhere its effects will be even more severe than. Salvinia,

»
’

Wateroooies covered by - floating water weeds are often
said to’ lose water more z.'apz.dl)r than open water bodies. . Published
estimates of tHe magnitude of this effect for water hyacinth -
vary- widely over a range of about 1, 4-6 times. greater than
water loss from open water. : This variation in measurement of

transrirational effects make it tncertain how much water loss
| can be dué to tranapiration. However, even the lower range of
the estimates would signify a- losa of 4C% of water resources’
- i areas: heav:Lly infested by water hyacinth

'l'he. reasons for thia higher water losa are not
certain.. 'I'he most. recent research (Linacre 1978) had indicated
that higher water' lossas are to be. expected only in situations:
where advective ene:.'g}r transfer is especially important. . o
Thus, narrow canals, small wet depresaions along canals, smal].
beam;great would be’ areas of heaviest water loss dua ta. water B
‘weed infestation.
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Pistia stratiotes, znother floating weed recently .
introduced into Sri Lanka is already fairly widespread in the -
area aspecially along the- villus and will probably become more
comon in the future. This weed’ deserves -Special mentiom
because it is. known ta’ create breeding conditions favourable

’

for Mansonia r mosquitos which are: responsible for the spread of
filarias:.s, a disease also- known in its later stages as- ehcephalitis.,
Pistia also provides ‘& breeding habitat for encephalitiz- - carrying

mosqui to species -

. Impact of the Randakadu .Barrag e -

L A. low level dam. on "the lower Hahaweli slightly upstream
. o£ the settlement of Kandakadu is being considered in the overall
: plan.,. The. purpose of this structure would. be to: divert water for
irrigation ix System A.. ‘In plans to date, lt is estimated that
during. times of hi@er river' flow the reservoir beh"nd this .
structure . would cover about. 2900 hectares. On the eastern side )
several villu ;areas will. be rooded while on the western ‘side a -
bund is proposed to limit the Tise of water over those lands.

- Since. the depth of flooding produced will be relatively
'shallow, the affected villu areas: may retain certain of their
~present wetlands. characteristics. 'l'he typical villu vegetation.

" should spread. to higher levels: along the margins while. in: the -
areas of bighest depth of flooding it may be flooded out so that ~
essent:ﬁall)r lake babitat will e:clst‘. These Id.nds of changes -,
-that might: be expected maybe profoundly modiﬂed however by =
prolif’eration of water weeds to ‘suclr an extent that they exclude
t.ba ot.her watlands species and deteriorate water quality
conditions. . This, must, itr fac:t,l be regarded as a rather likely
davelopment fo:: saveral reasons stated below.
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The Kandakadu Reserroir will be large and shallow. It
will have, a high flow through of Mahawel:. river water for much -
of the year. Cons:.derable amounts of irrigation return flow

and drainage water will be part of this flow _through at most
times of the year. Salvinia is already a problem in the villus- ‘
that will be flooded Water hyacinth is Spreading in this .
‘direction only a short distance away, . These very opportunistic
weeds are-likely to. proliferate in the: nearby highly su:.table
jhab:.tat that wzl.'L be- _created. Salvinia may spread from the

"very beginning. 'l'hese developments may reduce. the effectiveness

.af the Kandakadu Structure and- the conveyance canals leading from

Y

it as parts ‘of the overall irrigation scheme.

The' bund. on the western side wilk impound drainage
,'aver a. large area,. including the area of the Diwulana. Villu,-
" ome. of the larger villus and one: of those most heavily utilized
'for grazing- The. obstruction to drainage will'create even wider
"outbresks of water weeds. Hater weeds from tliese areas and. the
,rese::voir itself will spread downstream in the: lower Mahaweli
and’ a'.l its distributanes even more effectively than: they
a'lready do.at present o

: Formation'o'f New Wetlands .

‘ Creation ot new wetlands will result from some. - #- T .‘
: features of the project. ’I'he canals wi}I .CTOSS varied terrain

.- and in many pIsces drainage obstruct_i_ons may be created by the -

fcanal. bunds.. Such. places will collect: water for varying pertods. *

of time and where: this is long' enough wetland vegetation will .

: -appear In lower lying areas with h.igh seepage rates wetland

_ areaa,mar occur' even. at some distance from the canals. Generally,
an. ‘the’ side of the canals with higher terrain there is no “canal

bund thus, where depressions'in the terrain are crossed water
‘may' spread outward. from the canal into these places at ' '

sufficiently frequent times to create wetlands of varying sizes.
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These 'c'onditions can be 'see'n presently a'long.- the existing |
canals such as along the Minneriya-Kantalai Yoda Ela, . .
Travelling along the road down the bund which is situated on.
the. eastern” side of this large irrigatio,n canal it is possible
to ses areas of impounded drainage where water has been trapped
in depressions behind the bund, On the opposite side of. the
canel wnter is more or less confined to- the cana]. itself where
slopes a.re higher, but when areas of Iower .Slope are tra.versed
the. water Spreads outward over areas that are sometixnes rather

lerge.

mmy such areas at present are not flooded sufficiently '
and/ot frequently to develop tru} wetlands characteristics, . -
Along the. Minnenya-ltantalai Cana]_ described above, for 1nstance, .
the. low ly:.ng areas on the westem side into which water :
_spreads during high flows, remain. foreeted with. trees essentially -
like. those areas that 'are seldom, 1f ever, flooded. \ For many
areas this will change when flows through the ‘canals become .
greater and more constant throughout the year, and such areas
w:_f.ll -acome true wetlands' with varying kinds of hydrophytic
: vegetation while the. forest will be diminished.. These areas will
to sotne ‘extent replace wetland losses from other impacts of the
project, but- the total area is ' not expected to be great. Also
they m.ay- create certain problems including water wastage and -
become centres. for spread. ‘of various aquatic weeds. which can
ob_struct_ .the: canals_._._

A TR N " o

Theolden and new 1erge tenks of the project wil]. not
leed: to the formation of .any appreciable arees of new wetlands, ’
- since these will all be' suhject to. wide fluctuations. of water
lﬂel and. wil]. haVe drawdown zomes thet are r’elatively barren-
. es im the ces& a:ound exiating large tanka.. The: Mimeriya-
Kantelai 'rank wil]. be an emeption, since it is planned to
have & relatively constant: water: level over tﬂe year, _']'.f s
“‘this. condition is actuelly achieved it can be expected: rhat
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'wetiands will develop eround its mergins especially ‘where
terrains of low slope intersect the shore zone, The lerge
reservoirs wili also have large fulctuat:.ons of level and will

“not- have -new wetlands formed around them, . -

Certain ereas designeted for future rice cultivation '
-will be subject ‘to. flooding ‘due to topographic conditions. In -

.System B, for instance, ACRES (1979) estimates there will be

I 480 hectares of such land In a few cases, these lands mey
be of su-fficient - 8ize to constitute valuable wildlife habitat
but: tbe majority witl be small sized‘plots and so affected by

eutrophication that they are far more: likely to become areas of

chronic. water weed infestation- Some areas that are presently

uaed. as paddy or which are planned to-be used in this- way are -

now, or will be, difficult to drain' sufficiently we],l .to be. -
kept free. of water weeds. ‘Such areas as' has Been described .

earlier are only marginally productive and are often abandoned

to weeds which then spread from these places to other parts of
the~ irrigated areas.. h

" RECOMMENDED ACTIONS:

Control of .We‘ter Use~ .

Perhaps tbe most effectinwey to mitigate. in any )
S subatantiel wey some. impacts of the project on wetlands or the
impects. of water weeds on the project is to reduce the total
amount of weter needed to accomplish the basic goals in. :
egriculturei production.. 'l'he NED!CO (1969 Annex K) report
. States. = * ‘

"Increese. of the. flov (of *t!'e louer Maheweli
. Ganga) at the dry- period wiu be ‘»leneficil:l
" for #Hish end other bnimals, as the minimm
* £flow in the river may well be the limited

4. 29



factor for the number of specied, If however,
‘after the i.mplementation of .the complete Mahaweli
".scheme. the - waters of the. Mahawel:l virtually run
dry dur:lng certain periods; t .s will have a
disastrous. effect: on the fauna, Moreover, with
'lj.ttle ﬂow on"the river salt watar intrusion is
Iikoly- to become a problem.. The hist:or:‘.cal low
level of the river will ba a safe minimum
discharge in. the planning of the: future rivor
regi.me J (Parenthests added for cIa:it:y).-- -

AS discussgd previously, proviaions have ot been mdc
dicating how t'_his flow maintenance camr be accomplished, It i3’
recomended that dry seasonx conservation flow be maintained for-
the rivers- wh:.c.m will minimize salinity 1ntras:lon and could k
at least partially' limit dw season drainage of the villul.

! Conservation flows are discussed in Chapter 2, WATER QUALITY,.
' These £lows can be mintained. by release from the proposed storage
: reservoirs. However, their‘ effeot:iveness cad Be .enhanced-and
adverso ;mpacta further mit:igated by- achieving a ugh dogroe
of cont:rol of water use and high water uae efﬁciency ia- all .
aspects of the projoct:.. Becauae of the critical importanoo of
‘ th:l.s issue several ways. of appro-ch:lng this proble.m are. discussaed
A belam. Becauu of t.ha. frequent;ly cxpressed opinions that high~
| wa.te.r uu officionoy can probably- uot be.achieved it should now
. be, notod thnt: this Is & real problem that ‘the- toIlowiug mthods
w:EJ;J; uot necusorﬂy substaut.iolly overcomo and tha.t the negative
miromnul impacts resulting . from huvy water use R, S the.
* project may not:be succoufully mit.tgat:ed in any vay.

Votor. use effocdvemss shouI‘d bo gi.von a pr’ orit:y -
- equal to vaur storage ‘and. provisiou.. In this way m:dnm '
offoctivunoss of storago oapoc:ltios olrudy rol.lizecr or loter
oddoct can: be made. It is unlikely ‘that high water use offect_;lvmss
can bo achieved if expanaion of agriculture is too rapid into new
hnds.‘ It 13 also unliluly thot; it can be ach:l.ovod 1f vater

Id
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is provided to an area before it hus: an epproprinte distribution

" and drainage system to mke effective use of it. Thirdly,
pro,viding an excess of water. when'there are other limitations -
sucli as labor' or: traction power will lead to greet water use -
inefficiency. To avoid, these pitfalls. efforts to impzove

dreinoge or irrigation inadequacies should proceed simultaneously-
with the construction of new: reservoira end canals ‘and not be
delayed until these facilities are. ready or conaidered as '
add-ons in a later phasa of the .project.. This..should be done
initially for. lancLalready in.cultivat{ offe Ta attenp't to. -
-develop more and ell at ‘once could lead to delays from resource '
limitations due to- the intensive construction activity, thet would
have to take plnce simultaneously in' all perts o. the project area. |
Such delays .would. probably result in.great._water_ use inefficiency..

_ _ A.-ma.jot economy of water use that could be ach.eved
is througlt proper timing- and sequencing of peddy preparation
for planting. It would probebly be best. to supply water first to
.upland fields and allow field preparation to 'subsequently proceed
.-im Iowland area.. This would require careful nttention to: .-
effective: modes of: labor organization-

Control of Villu Discharges -

Ix order' to regnlate_ discbnrgec and to ‘Umit dry -seasom’

) dninege, wtte: could. be. held. arﬁ.ficie.lly in mst villu arus

; by- the construction of' law? lavtl.rvei-rs-‘ in:the-cutflow- otrom-

. This would assure- c certain amount of vater storrge .after the - ‘
- fall. of the river froln- it: high stage and after the end of vet

‘, .nesot: rains.. In this ny' & certnin amount o£ the reduction: o£

eree oﬁ the villus. Eollawing the river' d'vu'sions could bc

- svoided..
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Return flow from' {rrigation and drainege which enters
.the villus elso complicate the problem of nitigative action for
villu preservation. Low le.vel wiers for instance to hold water
- 1in the. villus 'would have at the same time the effect of greater
storage. o£ return flow and drainage waters with some . predictable
consequences ‘suchr as: eutrophication, water weed infestations,
pesticide builcl up and possible selin:.zation. Tils could be - )
avoided if the Tet;Tn. flows and drainage aters are routed
around the ‘villus-or; improved in quality through careful control
of excessive nutrients and other contanunants. Since wiers will
obstruct flow in ‘the charmels therc will be sedimentation of ssnd
and silt in the channeIs near ‘the: wiers which will require

s removal,. probably each- -year..

Contxol of Aquatic Weeds

Inx addition to careful. control of water use that has
alreadr beeu discussed otber measures for water weed control
should be undertaken Spraying with herbicides is not
necessarily— harmful in a direct semse to.the environment in.
all. cases and’ in some cases may be necessary. 'l'here are however
seconda'y\consequences of herbicide use even if the type usded is
ttself innocuous. The plants killed by' the herbicide, remain S
in. the drain or water bodx where they may ccntinue to obstruct i
flov . -The de'omposition of large messes. of deed vegetation
my consume excessive amounts- ot oxygen in the water and lead to
‘poor 'gptar* quelity for & prolonged period. A.lso the nutrtents: "4
c'ontained in the plants ate released’ td the water on decomposition.
vbere the)e add to continued eutrophicetion- anc renewed water - .
ned. growth. Ilr paddy f.ield’s herbicides hlve definitt' liniuciens.
i:: usefulness since many common. weeds are grasses es is "ice,
and’ therafore cannot be. selectively eliminated by spraying.
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. Physical Temoval of water weeds from infasted areas.
is & method that- has much to recomend it since it eliminatea.'
the ptoblem of. physical obstruction of irrigation works, high.
oxygen demand. of decaying plant debris and also ‘reduces -
eutrophication since nutrients are removed from the. aquati'c:
system. _ Removal of water weeds requires much-. labOt $0 it is
best applied ‘o areas that ate chroni'cally infested.. It also

.

becomesvless expensive if some way of_utilization is. found

The extent to whiclr eutrophication can be control.led.
1 uncertain. but it is CIeer' that some things- can be done.. ‘l'he
design: of settlement sanitation facilities is an. obvious case
and one- which can’ offer public health benefits as wel‘l. .

Drainage water and irrigation runoff entering the
vilIus might be enhanced in quality in other ways. . Some of
the fome: v:LlIu, land around the nargins of t’he diminished.
villus following project implementation could .be set aside

to be used in various weys to attempt t:o do this-. , One apprcach

' would. P'e to apply these wa.ters io a controlled mnnner such as ’

; overland. flm for the intensive cultivation of pasture. grass

to alleviate: to some extent the pasture scercity that. the.
project will crea.te. One or another of the: water talerant
forsge grasaes that are ahundant in the villus should be -
rendily- adaptable to these managed condi tions- By means oE
bunda,. averland flow couId be controlled and directed to achieve

‘ e Ion; flan: path over am extensive arsa, ° Such methods have. bee::.

. applied in various ways in wmany parts of the world in. order to, '
improve; mter quality and have been succeasful. 'nze water
flcwing through these aystems is substantially lowar i nutriunts
and biologicat oxygen demand.. Salinizetiotr. could be & problam '
itr such an undertaking, but since’ large smounts of water would
‘be available at times. to nuah out salts it may. prove possibla

‘to control this prnblem. Similar systems using some kind of water -

tolerant traes might also be effactive and allow production
of wood at the same time, -
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Careful ‘attention should be given ‘to probleus
resulting fronr largeé concentrationa of aninals such as with
dairy farms, livestock feed-lota ot chicken farma. In _some

areas of’ the world nutrients loat from large animal concentrations‘

are partially recycled through harvesting of water weeds grown
in controlled enclosures or tanks or simply gatheted from '
nearby infested places. China 15 a notable exmnple of this -
'_fom of control The ‘weeds are used as pig fodder, green
manure or. made intn compost.. A better forage plant such as

‘ lggomoea acquatica can alao ‘be cultivated in thia way.. 'l‘hia )
plant is also widely consumed as a vegetable by people in )
many parts.’'of the world, including Sri Lanka Alternanthera .
’sesaiIis, -another plant used very much as food in Sri Lanka

should also grow well in controlled enclosures in which nutrient
rich waters can-be applied to achieve water treat:nent and

food or fodder production simultaneously, Many ideas of this
kind along with illus trations of actual existing practices '

in varioua parts of the world are given in. the- U.S.. National
Academy of Sciences publication Making A _guatic Weeds Useful .
(1976) Wil e AR 2

Obvioualy, the. success of such me.thods of daliberate
cultivation of aquadc planta dependa critically upon the )
questlon of effective usage of the planta so producad Deaign
.O0f cultura system should. take this cloaely into dccount, In
one situaﬂon- green manure uaage rnight be most effactiva '
while in another mathane: production. would. have most benefit
andl i still another compost.ing may be mot effactive. -

Succaasful, compoating‘ of wataz hyacinth haa bm .
done’ i St Lanka by the Home Gardena Unit: of the Ag‘:iculture '
'.Deplrtmant. m: compoat has. also baen succeaafully used by
them in the rearing of nursary planta and also was sold for a -
.slight profit. Sincae their costs of production were rather high
because.of the necesaity of tmcking the planta from the point,
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’of harvest to the composting site it is clear that costs could -
‘be further reduced by deliberate cultivation in controlled oo
.enclosures with composting adjacent to the enclosure, 3iswvas '
(1976) provides -information that indicates that composted. '

‘ weter hyacinth- has twice as much nitrogen and phosphorous as-

compos ted cow manure.

- Although some, emphasis\is given above on the importance\
.of finding ways of reducing cost or even making profitable the
work:s required for reduction. of. eutrophication it should be '
pointed out that they' may still be worth doing even if at a
relatively high cost, The benefits in terms of public health
‘protection of fisheries and protection of rice crops would
' justify their being subsidized.

‘One form of biological control is the deliberate
) seeding of competing species. which are less hammful or- even
'beneficia]. in some way o As an example, Azolla pinnata is a
~ common member of the floating- squetic plant connmnity in Sri
: l’.snka- ..zolla pinn sta has withia 1t a symbiotic blue-green
’ algae, Anabaena azollae, which is: nitrogen fixdng, Because
of this-nitrogen fi:d.ng ability, the izoIla pinnata - Anabaena
"azollae sssociation fs. deliberate.ly_ introduced inter paddy fialds:
'in various parts of Asia,. especislly‘ in Vietham, in order to
" provide’ nitrogen to the psddy'.. It is important to note t.bet
&Itbbugh the primary motive of seeding the pnddy field.s ~ith.
.AzolIa mey be for nitrogen, there is another important Tole" '’
which. it. may be providing_ that {s also beneficial. to the paddy.
The deliberate. and caraful seeding of Azollx at the sppropriate
timc makes- it an e.ffecl:ive competitor wd.th. aquatic veed- Species.,
By ragidIy spreeding,. the introduced Azolla sbsorbs .autrients
and other msterials tbet woulgd foster growth of nqustic neds~.
Since it is a surface floater 1t can retard the growth of
xnlnerged aqust.ics snd other weeds by shsding. This shsding
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also can reduce oxygenation of the paddy field water and further
retard veed growth, Oxygenet:l on of ‘the water is also reduced to
-some- extent by the reduced oxygen dif.fusion through the’ air-water
interface due to the extent of the surface area covered by

Asells, )

Areas wvithin. the i'rrignted lands that become subject to
chronic flooding and water weed. growth as a result Df 1rrigntion.
and peddy fields that are marginelly productive or become
ebendoned due to excessive water weed. gro#th due' 'to poor '
drainage, should be. converted to a more suitable use. Fish
ponds- might be constructed in-such areas, In some it might be
useful to attempt to establish swamp trees whose shade might .
reduck the vater weed growth and abundance.

Shadizg may. be important for bio-control of water

. weeds in other ways, ' Shading would be especielly eppropriete
along narrower irrigation and drainage ways, Appropriate planting
elong the supnier side of such canals would reduce phqtnsynthesis
of the '"-uatic weed -species and'reduce their ‘growth rate., Since,
any such plantings will consume weter, those that can be ‘
effectively utilized l.ocal.lyr should be given precedence- '

Poles or perhaps firewood could be produced in significant
qunntities especially i£ sprouting (coppice-regenereting)

species are used, 'rel.'L crop species such as. mize. OT sugar

' cene may ‘be: used where appropriate as well.

Mangrove Conservation

Effort: to miti'gete the anticipeted impects on mgrove
mmps should involve ref.orest&tion. and protection. £rom excessive
; cutting. Noakas (1955)° ‘gives-an excellent description of ‘the
kinds of problems that arise in reforeatation of mangrove '
erus. Seedlingp mst be. phyeically protacted and’ invading
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thicket fo-tming 'species kep't under control, Cutting should be
reduced to acceptable levels by some means. This is clearly
difficult: to. accomplish but tactics that might be effective.
would be to provide other sources of firewood if necessary-
from outside the area or in new plantings nearhy but outside

:of the mangrove area,

Substitution of other energy sources for wood shou-ld
also be explored Demonstrations of. solar cooking tachniques
and. mnrketing of equipment for- using this energy should be
.a‘:ranged Construction of bio-gas producing. sanitary facilities
should be encouraged WOod conserving stoves should. be
demonstrated and built in' thz coastal communities, Stoves '

_ capable of using rice husk.or other agricultural by=products
should be tried.. In short, any and' all possibilities for
substitute energy supp],_ies should be investigated and where
possible mde available. to the area. ' Perhaps electricity ‘from
the. dams should be allocated preferentially to- araas where
critical problems related to excessive use: of wood for’ fuel’
ex.[st "such as the ‘mangrove: zone. around Koddiyar Bay. In this
way impacts pertly due to the dams could-partly be mitigated : :
by' the energy' from the u:s..

Secondary' develoment resulting from ‘the project should' be

. controlled im various waysl. Particularly all efforts: at
. 'so-callsd "reclsmation" of mangrove swamp lands for conversion
‘ 'to other use should be stopped.. Any efforts to bridge ‘tidal

streams should be done in such a way that tidal exchange is not:
'impeded No further construction of the concrete, lowelevel
ford; bridges with’ only small cul.verts for tidal exchange should
. be tlloued 'l'hese. obstructions to. tidal exchange' should be
: rnpll:ced by true bridges that do not block. flow,
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_ CHAPTER 5
SOIL CONSERVATION AND LAND USE

IOTTnCOUCTICN

Thu so:L'L Conservu.tion and L...nd Use assessnont 2%
.the envu:on::ental i...pacts ot the Hohawell Acculomted
Progmn is co.:yosed. of two sopmtu studies, - tho uppor-
w.tershod area of the Mahuwol:!. a.nd the Accelorzted Prograa
'Ind.gation_ Areas (Systozs 4,B,C and D).

' '.ﬁhis.-':id'-tom_: repart d;als ‘with o cooverctive .
study with forestry (see Ch_pter 6) for o capping assess—
‘zent: of the T-resm:rt: land uses, curront soil conservati::n
.pmdt'ices = bath ccceptublo ..nd non-ucceptubla -~ and,goil
Isagses incurred as a reeult of i-proper land :anngo:on.t
practicea ‘in the upper-wat torshed areg.. Tt also doals with
cu:'rent progress in soil and land class:.fic"'tion, with =
' suggestions for additiomal investigations cnd mtura
implomentation.

EXTSTING CONDITIONS

S-11. and Land Classification

ﬂw feaaib:l.lity mdx for Systan c by E:mt:!.na
'Iachnicnl sorvicos, Li::l.tod. su.rvoyod. a total land. ares. -~

. of gbout 69,000 hoctaras. Within this tatal land crea

'_--'.'t:hn follow:!.ng cgriculturcl. Iz=nd usos have boen. recazzendad
‘.of which. 37,000 hoctares or 53.6 pemant would be awetlablax

_boctares ‘
Nat con::and area. suitcbloe for rico . 22,000

G:oaa conm.nd area " w upl._nd 5,440°

' " ecrops . .
Net area suitabl‘e £or sugar cone - ) 9,580
Total :l.z"'ig..ble a.nd ‘comzandablo 37,020
: : : Systea C ’


http:hoctc.ar
http:o.Whih..3T

In the’ fuasibilitj renart for taa Haduru Oya
Prsject tho iollouj.ng arocs oo ‘estinated to e ivrigabln

:.nd_ corzanda vle
. . \

Upland Soﬂa, hectaras hcetarcs

' Cl...sa I - 5400 ‘ ' :
~Class. 2.7 - - 7380

ol Upltm.d - S 12,180

Lovland Soils’ (Rico Lamd)

‘Cless T -7 17,810
_Clasa 2 - 21,680
Potal Lowlands - 39,490
Motal :Ln':.gable ‘and comsand= -
eble, Systoz B f- 52,300

, Both Systems B aad C still 'h:ive .'_rL‘."B which .
neod: add ‘t_a...al goils cond lf;m. closgificetion dato. Abdout
ano-‘th.ird of tha corea of yute.;r B - spccifica.lly tho right

a.n".; of tho. Moduru Oya. = will bo coversl during early 1960

’ v-'i.ti‘r c.etailec. sotl uad lanl cl_sszficatiai curvey,.

" Reeeipt ot 1 + 5000 sczle waps are recesscry bitore this
"ork' cam to ca-platod by *I:he Land' Use. D:Lvision. (I.UD) of
tha  Irvigetlon Departaert. - In. Syato C,. -cloo. curdns eorly
10 80' L‘UTD goil auzveyers. will cont:l_uo £ipld work in. tha

_mar wthort farest croa- Both. tspographlcal cud goils acps.
WL e uaou. ‘£5r'a roviged land’ cl..ssiflcati“n af "ive or

ix fiall sheots which -Té 1nc..tod ..astly in -the northam

*..::t.' This will onsuro a. uniform ievel o dotail ovor tie
’ w..;alo ::.f the Sys"en C,, providin:; 20T mliable ..c.ppi.n._. fox

. u:LI. tho lands..

al..itod land use sad soil Lnfarmt'ion'd':.t.a. are
pmaontly available for Systens A azd D. Un":l.l anin
mp:rta and cniiexos crs wode co:.pl..to*y av.:ilaolo the
" environsontal impact z‘;nalysis v::l.lfl. reonin rot. rdod .Tncl

-
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inconcliisiva. It is u.nc.erst.,od that 3nly a prelitincry

. repor't has been made on Syste: A londs and that only

aﬁ:or Uarch or April to llid-June 1980 will = fecsibility
sail a.nd. land elc ssification be’ conpletcd.. The. prelininary

- survey area of A ia about" 106,000 ha, of which 62% is

caverod with fgrest. ‘Less thax 10% of the zrua is under
purmonent agriculture consisting acinly of 8,000 hectares

0f river i.rri;; 1:04 paddy yioldue two CI‘OyS por ye;.:,

'About 10% of the crea-is cultiv._tad.- at T low lovol of
’ intensity painly of chen.. ond lavoe _griculturo. An

acciratae westiacte of the c.istri_bution and percuntcge of
';:ab.'!.c lands connot be j:::.do urtil. the foosibility study
ts completad..

‘i‘he August; T9'T9 Kain Ruport of the fe_uibili'ty'
atuc.y for Systen D lists. a totol of +0,000 huctazuc of

‘onati.n(_, irziuated. lands which, w1th the cddition of 2

pmposen 22,200 hectares of ‘nevw lands, wi.ll ..u:k:e a tota.l
‘zrosa i.rrigable area. of 62,200 hectares. No so:L'Ls or
la.nc. clussificatisn was madu on this .tonsibility study;
t'he: gsoils i.nfomation. used was t...l.en from the FAO/ '
l'rri"a.tion Dop...::t...en‘t.- 9f Coylon detail.n. rcconnai.nsa..nce
sa:LT. survey carried out bat‘nen day 1965 aad Novo:lbez-
1966.. nccording to o ao:Ll type ‘suazary of the: groas
p.rajoct uua,, a nct :eribuble aroa of cbout 50,,300
hond:ares should bu avniI..ble.- ".‘h.'!.s docs not include.
Ba}.-onptz or ah._llow rocky s:::Lls-

Tatal i.rric_.,o.ble lands: wh:Lch could be devuloped.
:Ln: these four acculomtad arvaxr (4,3,C and D) wou.ld be .
approximtely as listed ! tolows '

\\\-‘\'



ucctaros

Syston 4 130,700 - -- (50% crcbility
1 S )
w c . 37,000 (oxcuding'.
" D ‘50,300 (Somamathia
. '(Chcitiyn'

Grand Total .176r3°° (Scuctuary)

L_nd Classilication standurds for bot land -

.uses for~lrr1‘“tod agriculture, _da,tcd Ir:: tho’ U.S.,-
Bure_u|of Rocl matisn, neods to ba. standurdizod for
the ontire Uchawoli Accolerﬂtod-_roa. Systun A stuuias
~use four suitability cl-sszfic ~tions for irrig_Jle lands
92 'which four classes. hzvo . “qen‘recagzigud ¢ Class 1 = -
highly suit;ble; Clzss 2 - 2oderctoly suitcble; Class 3 =

sergincl; and. Class 6 -non-suitsble or- non irrirabla.
Systoa B hos been, Fivcn au_uwhut different l_nd clcssi-
ficatian.stunalrds which _rﬂ ldaptified as. indic_tod in
Table 5=1.. These include two upl :nd irrigzted classes,
tva lowl_nd }addy-rice clagsus; hnd one cl-5316 - non-
-raLle clusa. Syste: C has. Leen = ttributeu a lore exton=
sivn 3ot of land class’ standords which are sat farth in
I;uln 5—2. There are throe upl.nd cl-ssea- one suaponded‘
class 5;-one class 6 =.non-arclla,: upl_nd threo arable
wetlnnd rice cl_ssea cad a.clnss 6 = non=-zrchle wotland
rice cl-ss. Systen D has had no detailon lhnd classifi-
c_tian :_de, but the lunda h.va .nly;buen c-terarizod = :
-onornlly as uplond Boils, lowlend soils, and other o
unsuitubla lcnda £or irriratian accarding to 30fil type
and cropuing potentinl 23, shovn in Tablae S5=3e '

greAein— Lard Uso

An.ovor-ull roaont luzd use invontary'oi tng
Accoloratad Azoa, which includas lond ro.a within «ll .
tho Schcaos 4,B,C, and D, ia :nly Fenora_, unstandarizad
and incaaplate.-
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Table 5«1

LAND QLASbIPICATIDN CRITLRIA "R SYoPdH npn ]E‘SIBILITY STUDY - LO a3 CAJE

. £
- s mes

0"-‘-!.

re & cmrm mm——— -—

A asc2anan 3

‘e —q,.—.-.—.—— .o

..._...—-—

. Land Chhrnctefistidg : Subolnag Uplond DiVorﬂiind Crop Praduction Lq 1hnd Rioo Production T ~;01ass 6
- ~ o Dmrtption \ e g am 2 e e ey o e G o e e am e m— R
N . . Oless 1. (1U) Olass 2 (2U) . 01nas 1 (12) “Claes 2 (2r) T

- -

1. Soil taexturot i . ;L , ) A
Surfeco . - ;] TFSL7GLﬂ ‘L8 -0 ‘L-0 Ls - ¢ lbn-crable landg
* Subsurfaco i .SL-O-. 8L = C - LI§s-¢ - ‘B=-C ~which do not .
S . a ' ST S - noct the minimmg
2, Rooting Doptht+ st (o . " . o requirenonts of
. Gravel Layqr - 8 90 pm " 60 cn 60 ca - .30 ca the othor land
. Bod-rock = . f 12Q-0nx 90 cn : 90 na.hj © 60 cm clasaos,
3. Available Tatsy . ' ' ' e .
: Holding Capacity A 15 on 1n top 10 cm in top Not ap,lic ble "Not applicablec
o A '1¢0 cn 90 ca v ' '
4, Salinity ., ... ‘g 2 4 2. 4
. (2, C.-:uhos{cm) : T : - S
5. Alkalipitysst . 8 SAR 10 SAR 15 [ ESP.15° ESP 20
6,. Cctian Sxchango.: - - : : V .
Capacity (2, o,/100 g) 8 10 5 10 5
__IEEL~P~1 . - 4 ' _
Doop. Soils . 120 cns . 1% 4% 245 . 4%
lioderatuly deop 90-12Q oms . 2% 4% - 2% T 4%
fodoratoly shcllow 90-90 cms - - T "
Shallc 60 cn y. - - - -
Draina ;e :d. woll tq - ) woll to A:poar to. - " duaperfect
updorhtely woll Jadarutely wall - vory paor "
T N fexture = FL = "fine. s‘nly y loa:a, S SL = scpdy laaa, LS = 8nndy lonn, € clay o

** Rooting Depth -~ aatiuuuod ufter land doyclapaent
ki Alkalinity » SLR = Sodiug 4bsarptlon Rntio, ESP = chhcn oable ‘Saddiun Porcunt
_Sourco 3 Maduru Oya Project Pocsicility Report
Annox I $3ils and Lnud Cleasificition, IHovoubyr 1979
acr.s Intera biosnal Ltd. Hiaszara, Etlla, Canada A



I - LD CLASSIFICATION K

Table 5-2
Syster C Land Classification

DRYFOOT CROPS

: SURFACE IRRIGATION

. {poorly -
' D:.-a.:tnod)' .

Soil *YP. S9il pepth Asso- 7 05D praaT
(Draimgei Phase ciated wbOFE PHASE (t)
_ - Gravel
. Depth(p) . O=12 5% 1.5-3% 3-4% 4-6% - 6%
RBEs, Well d:vd 120cm - 30 cm 1 1 -2t 3t 6%
Droined = nd90-120 ;.. 60-G6- 1 ,2pt 3tp- 6tp . 6tp
" ns60~ 90 . 30~60 3; .39% - 6
500=38 3938 - gp 443 _gﬁ 33 283‘
RBE,. dj v&¢ 120 em 90cm. . 34, 3d - 34t 6dt.,- -
‘;‘mpe'fg_”l" d 90-120  60-90 - 3dp . 3dp 6Gdtp 6dtp -
rained 60— 90 ° 30-60 6dp : 6dp - 6dpt 6dpt -
'LEG T . - LT R :
(poorly . d;v@.120cm  90cm 54 54 5dt° eat: -
Drained) ' CL ‘ ©
"'IT - LAND CLASSIPICATION : TETLAND RICE
‘Soil type Soil Depm Pha.se ’ _ " SIOFE EBHASE 9(t)
. (D::ainage) ‘ O=T:5% '1.5-3%. 3-4% 4-6%
"RBEs®, * = A1l depth phasea.', . . : o
. Well=— ' '~ but shallow R2s R3st | R6st R6st
wained, . Challow Depth Phase  R2p " Ript | Répt R6pt
;s SN Alld.epth.phnses ‘uut S R g
Impsﬁecﬂg shallow . Rt R2¢ .. R3t Ré%-
PR~ spaliow Depthr Fhese = R2p | R3pt. Rémt REpt

"Notc : p,d, and t refer to depth, d.raizmge,. a.nd. topography‘ (slope)

subcla.aaea respoctively.
6pt' otc. are. marginally dovmgraded.

Subcla.aser 6 tp'

. Sou::ee. Peasibility Stud,v,. S”yaten "c"'
"+ Mahaweldi Development Project

December 1979..

Hunt:Lng Technical Servicu I.im:l.tad.



Table 5-3
Groas ?rojoct Aroa for Infforent Soil Typoa 1n System D

(unity ac)
N Asbii'T?QO.A | “‘A/j‘d' ' -pj'i Dy - . G Total .. Cropping Potential,
T Ty :_'t._ L T . - Maha . Yala

;1~ R.B.E; Well drnined 5,510 12,640 13,645. 130 743707 139,295 A11 uplénd Craps Al1% uzland Crops
2. R.B.E. dretned - - 5,815 - 6,830 9,980 - Q 5,470 © 26,695 Lowland Rice' -  Uplmnd Rice -

: 1mpq;fect/popx S B SR ' Sugarcane/ . ‘- ‘Sugarcane/ ;

— : T S —— v ~ .

3 L.H,G. o 1,360 '6,d€0j é5.150 @ 2,050 34,490 wal':%na Ri.c'o.""' “Lowland Rico
4;333;;3593;:3;1;6. Co0 e o0 e 510 5,190 ?‘T‘ﬁ‘ﬁa‘c’:‘zp“vey.) (Tobaceor “vege. ) . |
5 Alluvial; drainod . 3;760 : 970 - 3,465 ‘10;550" 0- _16,745'L0w1qnd Rice .  TLowland Rice B

1mpertoot/poor S S . . . . o T ‘ .
' Sub-Total ,'15_-7'45' 26,640 52,240 14,330 15,460 124,415 . . -
6 .Solonetz T o . -0 2,825, 0O 0 2,825 not suitable for Crops oxcept
: : ) .- : o .- improvement
7 'Shallyi,;nockyi'”.“, 2,i;5. : j,ﬁoo .4!205 370 7,720 16,060 not for Cropping Lrea

(homestuadsl Building, etc.)

Sul-Total A 2,165 . 1,600 . 7,030 ! 370° 7,72° 18,685
. Total | o i7,936-_ 28,240 '59,270';14,700 23,180 143,300 ‘
ﬂotes; (D R;ﬁ,E,i(W.D), | 't ‘Chillies, Onlun, Proundnut, Soyabegn, Cawpoa, Grﬂma, Cotton,

- Suger Cang, Turdha, Maize, Sorgham yUpland Rice, Frult
T (dpficiency of orgenig matter), _
~{(2) " L,H.q, - i, Drainagq would be peneficial.
. (3) © Alluvinl IW.D) i - D2 Area (4 ) ulluvivl (imp/poor) (5) ggéi g%n}crnud ato
on

Bource: Peasibility Repow rain ﬁg p¥ blc:.s)
| * Japan Inte¥n( ?"3§1°30338rﬁgf“ﬁ“P35%8§“ Agliculturnl Duvc]u nont Irtjbct' fugust- 1979,



Listod in.Teblos 5-4 through 5-7 ore the sumary
presen l_nd u::o :Luvontorios which cTe e.vail..ble ag of this
date.- -

_ chlo 5-4 -
“Surface Arecs (in hoctaro) of Presont :
La.ngi Use in Systen "AT"

Hoavy jungle 36 596
‘Meddun fungle g 852 ;
'Light jungla | . 16 532
' - sub Total - 5900
River irrigeted rico 8 060
Tank irrigated rice - 1053
Chena‘cultivation = " | 304
Lavee cultivation . 1338
Sugem eeo . _780
, _Sub Total. 19 535
Pasture 1 460
Villu : 6032
Idle cieq.ri.ngs ) . 4 60T
- Eub Total ' 12 179 .

Urban arcas and honostead . ) .
gordens: 7 -1 500

Rock outorops 200
Roa.da ad water suz:ucen o '- .6 606
 .Sub Total . - TW
_ Grend Total
'.(roundod.) . ".106 000

SOu::c;r. Systom: A, Present Land Use and- Vegotation
~Survey, (Decenber 1979) N n

E Joint: Venmro Randenigm Salzgitter consult
‘GMBH;- Salzgitter Agrar and Hydrotechnik, <«

- _Enon.lﬂootrowut't Enginoering Services Ltd. ’
- Zuerichs .



Table 5-5 B
Surface Areas (in hectares) of Present Lzmd Use
in Systen g ’

FOREST
, Hoctares
‘Donse. 1,300
. Modium 49,800
"ri-@'ni-__ 11,200 _
Plantutiona " 4,400 .
Subto"t:n.]. . 66,700
- CROPS - . T
' ' Irrigatod Rice (Paddy) 13,700
' Chépa~ S 32,800
" Subtotal 76,500
OTEER
‘ La.'cge Foerns _ 600
E::..msteac‘. cad settlonoent ' 2'.9'Od
Rockland - 3,900
'I'nnka,. Villus acd Open "—ter : 3,200."
 Subtotel ‘ 10,690,
Mool ‘l"23.aoo

'--‘s

It is ontin;t:od fmu Acros Intarnn‘tianal Lizited,.
1979. I..tast ﬁ.gu:os that thore c.re x:pprozi ztaoly 52,000
”'hecta:coa' or 42 ,ercont of i.rri,_,able l..n..s in A.roc. "Bw, of
;'_'whicfz d mt crea for forns muld. ba. ‘apy roxi::..toly 364 060
_.'hnct..ren. ’

Source:' Moduru Oya Project Fousibility Roport
' " 'Tpitdnl ismue (November:1979)
Niagrz Folls, Caonodae.
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Table 5-6.

.Surface Areas (in. hectares) of Present Land Use

-_;n'Systm; nee

hectards.
‘Forest (Total Ares) ' 24,600
Pagdy 2,330
'Rloe, rainfed 1,800
Chiena Cultivation (varies 3000— 4,000
| ’ fmmuaiigpiTet
Livestock Production (unimown) -
e o Approximate totel - 32,730

Source: Feasibility Study System "gv
Mahawell Development Project |
.. 7 December 1979..

_Hunting Technical Seiviceb,:Ltd;

.5.- 10



Soit and Vator Conser(ratiox;

- Upper Cctchzent Area of the ! ah::,?eli - Erosion .

_of 32ils of ‘thae upger catcll..ant hppearad very s»riaus,

28 widened from field abservo‘cuns ..Lde by TANS team
*cahers during the. recoat I.Xaha serson.. Hc.avy silt

off w s noted.-in the sW ollen rivers th.c-‘ ..auld hove o -
r.u:cct iapa ct on:thp pr:posed A V:ctar:.q Resem‘s:.r.
Some silt:.ng wag naticeo.o.:e in rice padds’ fields down~-
streca of tha I"ahaweli, and the Medurn Oy:: cs a result of

upstruam erasion.

Erosion control in the. Upper,Catchzent of the.
lichawell i.s a pri:::::ry concem in tho preve.:tion of
soai...ent«.tian of proyased domstroum _resorvoirs. Tt is
h4ls0 necess"ry ta reduce the’ loss of veluable top soi.'L

necessa.ry for ag*:.cultur.l pmductisn. o

Erosion danzsioe fs~co uscd princioa..bly by tho :L::p.. ct
of r.infall on unpro.to;c‘t;t_:d s7ils. Factors whick 2dd to
tho, effeét' are urdi;nt; .‘soil 'ty'pes,~ vozetative cuver .
end’ cu.lt'ural prcc‘tzcos.' The. orosive. power of roinfall.
cax bn m.tigr:.ted by u proper control’ ._nd. :mn._ re.:ent 2f.
thase factors

_c_égtablci Linits of Frosign — [hot: lcvel of -
emsion 1s accoptablo, bofaru corrective b.ction is" .
necessit ated? Thc usm.l unswe:: 1s- ’chnu, tho. Ilznd is .
utilized orr. c sust'::ined basis such. th:xt there is no |

retrovreasisn o deteriomtion. 'Lhia will be achiovud

5=12



Current Irrigable

_Aron, .Groppad
1n 8yetem vpn,

Tuble 5-7 -

Area end Haryested

Ares in the Exiating Fiold'(ﬁa)

IT=¢

‘the po?ggghnkandn;gyoa-(inc}udgq G,Dq1,D2,and A/D).#

Ty Aqfoasc‘uhdor..‘-, . ; o Acrenga undér J . — » ——
dpecification ' .__VUnauythorizod cultivation Vhole Existing Lands
Irrigable fr?ropp64‘Iﬂarveated*'ltriéable . Cropped Harvested ' Irrigable  Oropped Harvosted
, Area . Ar.g Ly CAree [ frea Area  “Aron . Area - © Area. ' iArea
MAHA Paddy 27,504 - TART - 21,339 . ¢ 6,317 6,219 5,795 . - 33831 33,706 . 33.094 -
| Padady ;57;239 ?i't 27'i5}'.f'26i694 i.f§.243 4,539 . 3,402 ..?32;482;: 31,692 30,096
Co "8, P,0. 275 el T4 - . ?701_.f‘;_135_ 15 - 87T, . - 410 . - 389 357 o
. L S L : : o . :
Sub-Total  55,028,. - - '54,854 " 154,303, - 11,695 ° 10,933 9,244 66,723 . - 69,787 63,547
M - ’1 - r - T 1 O - v ‘_ . N - N ' - D ” - ——e - - -
Yoar.“a 801‘ .- . ‘- - . . ) c. L e " - i ) - B . . -- * B ) /
.Round . ane 3'000 - '2.70_0' 2'550 .. - -, T . L, - . \ '3'009 v 2'700 2’550
S [1' . _;ala ——— . 7 . : — — ‘_..’ - —— . —
Total 58102 - 5Ty354 56,853 11,695 10,9337 9,244 ... 69,732 o 68,487 66,097
L§

1 - The haryested areaof tho é.r.q, (Subsidiery Pood'bropa).consigta of_Ohi}lie
Red Onion (70 ha) ; . 8oya bean (30'ha); Groundnut.(ZD ha) and

1o : - Pulses (110 hg);
g' . (7T ha) . -

LZ H
Y/

{110 ha);
Yogetebles

N

.Sugarogng 18 being grgnpfthrough Batate oultivbtion.-
“Whole . Totnl) Area ip héctares

* No fummery Land Use 1a-made'for aren .
remaining in forest ‘or fer ather present land .use

Feasibility Report on the
+  MORAGAHAKANDA . gricultural

. " ‘Deyoelopment ‘Project .
hugust 1979 Japan. International Cooperation Ageng;

SJouroe

/O\

¢
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- 'when ‘the role of soil lass is no 5re'~tar tha‘. the rate of
forzrtion. of soil. ' Tho rote of foraation cnnna" be
precisely me_sured. : 'l‘ha best est:.m.tas ird'* cate that
under disturbed conditians it will take :Ln. the order of
:300 yocrs to prﬂduce sa::e 25 13 of topsoil. . "’ho.n
disturb..nces, garction _nd leaching. act:.ar. ara speudad
_'up by tilling, this will be reducex. to. saaothing like
30 yey.:ca.. A far::..tion r:te of . ¢5 ma-in 30 yceo crsg -is
approxim._tely T B Hotric. Tons/h\.ctaro/year, a figuro
..that is froquently adopted as tho tarfot figure La» ::.:d.mum.
1r::s:.:m.. thurally the ;.cveptnble loss will depend on
‘the. 801:1‘ co:_h:.t:ions. }f the profile consists of a doep
20il whose fertility is. the some at 2ll de,.ths, then a
. loss of 25 o of soil in 30 yecrs. is ouch loss serdious -.
th_v. :!,i the pr.;f:!.le consists >f o few ceuti._e..crs o.f '
soi.h overlying hzard rockr. .L..rget .E:Lgures cre’ thereforo
' :seldom h:.ghcx tha.n. 2 netric tons/bect..ra/ yr cnd frequently

are lowere:

theaa Low figures nru rel..ted. %o ﬂoad. l..nd.
. ':::.nage:xent' ._nd, ‘arosisn control prcctices t:.L Mze
'..::4 lass th.rougtr so:L'L e:cos:l.an.

A.universn.l sa:L'L Iaas eq_u:tiar: (USI..:.) h..s boan
deveIspad. br Nischmeier nd’ Saith (1965) k2. assmist in
5‘ppraisine, these uﬂ lauses- 'I!ha equatian is A - :!K.HSC.P
'Rhare. &

A= s::il lou par unit a.roa
-H_. = rotofall fictor
K- prpdlbility grcdien"tr., factor _

5-_'.13‘
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L = length of slopoe factor’
S - slope c,rac.iorrb factoxr .
G - soil caver or crop acnc;enent £ sctor - '

P - fac or velat:.ns to orosiin cantrpi 'pructicas.

Tha crodidbility factor K, or,laine-l .....,ove ia .
a uecsure of a goils susceptililis y.to erasi.;n.. = ere.;aref
T4t will’ l_r(,elJ deperd an tie physical charncteristics.
© o the sail.

-

, "’he Sathod w23 developed by isc.....eier et a.l
.(1971) for' ovaiu.."in,' 551l credibility usin_. the
ch...r"ctar:.stics o sail p....rtic...-s, snc.\. &s particle size -
ﬁistributun.. Jrc,:nic mn er cantent tructur"l imlex

- and 'er:::oability. In this :xst:hod s.il credi;i.;.ity
.‘on:graph rru“hicully g:lves an a" ilsed equetion that -
i.nn.:rporﬂtea those physical ,rog.ertias af the -'oil. Suc.b.

© wetbods. are useful in ca..:pnring t.xe *el:xtive suscepti‘ il:Lty

‘ of 8. Lls, ta” !.1‘381.:3 un'til e‘;erimnt'u. d..'f:.. buconas

. gvcil:ble. - Tabla >-8 auo\vs tho ..nnu...'L cr..sivi .y 3 su: LN}
Sr:L Lankan soils. estineted f.ro:x the nanarr:,)h ,.rep,areu ..
by Nisch:'.eler et al (1971).' Teble. 5-8 shows the

_cr..lcul..ted ez edibil:Lty' (F) '::r the. fajor s2il ruzions

.(J'o&.ma,. 1977)- This vt‘rios “fron 0,17 o O.48a ”hn o

.rol..tivu mcepfil..lita; of nnj.ls o orosion zoy i:o found in

Table: 5-8. '

5= 14



- Dable 5~6

Eroditility of Selected Soils im Sri Lanie

d.

Rainfell . . Seil  -Lrodibility (R x K) x 1072
station: T &) - O
f- Rntnn,um - .r:'od.-yellb\'i o ‘,0.‘22 ' 172
. ‘. . . podzolic -
2e Badulla”™ . rod-yellow  0.22 44
) _ . ! podzolic o
'3'.-Ku'tugé’ato¢a. ' reddisi=brevn 0,17 3
, - I..teuolic. . _ S
4. IC...tmay'*" o sand,r ' ..0e48 222
. .. " ‘regsoL . .
5e Anuradhapum 1quisI1-br'wn. 0.27 54
_. . ocrtha -’ ) o o
6 Kankosenturai * red-yollow - - Ge33 80
e ©-Iatssol . - . .
Te Batticaloa: - . non~calcie 0435 129
S.Hnnna:: o B red-yellow 0.33. NS
L, . ‘latosel. . o,
9. Hoobontata reddigh=brovm ° 0.27 4T
o o .emha -‘. . .t

- cmem G

caw -

Gourea = Niachzeier et al 1977

.Io..huzx (1977) stotes tint tio urmibil.x ty of ‘
Srt Lc.:zknn "oila is exprovseu by a rel..tians._i,. ot'-aen the .- .
erasive pownr af :ai.nfa.JL (R) -..nd. the oradi.....lit:y v:¢ mctar)
af occh x::l.'[.. a.h& erodﬂ:i}it:,: ..c\‘:o.r- (X) fora *:Lven o4l ‘
+s'guch that when Zuliipliel by "he e.r::a:.vity (R) the ;:rcduct
~oqur.'Ls 'l:ha nail laus fr:n: “tha s ils u._der specii'ie‘. canditions.
The factors LSC and. P cre associatod. mitk the- -Longth :4" slage,
}_::mlient,. vot_.crt..t:l.vm c:vo:' and or..s:!.:n con'l:r:l p-_ctim.
Relichle esf}-im..bos of thoso iactars ...D.y Ye. a‘tainod fron .
TuSTuAe . Soil Conserva?i sion Service Tochnical Roloasa How: 51,

~J..nu..rr 1975. .

‘5 =5



) I..era 2re some v_J.ues st soi.l cr*sian 193!6!
due %:: ton producti.:n which are signif: .c.:at to note. The
.LGQ- Rcseu‘ch Inati‘ute hcs- oavi:...md thc" a3 <uch o8 )
-280 motric ..:>z..a oL soil car'be loat ser hectore anL&.L"J
Aroz tez la..,d.; tnat h...ve‘been repla‘...e\l an steep Tarda.

" mhe v'ulnen"la nerdody for ssil Iossos sceur whoi the
'oi.l i3 oare (azter *hc old te.. has :cen upro:tod and
._remova\l, until o Guote..a...l.x Grass covLr 15 egtablisaoed)
'a.n.l,, fran *"ao tma the -.t...te:nr. 2 is upro::tod until re- ‘
p-antod tea h s closec. in. Lasacs af 924- betric t na por
‘hectare cox:rt::i:.i.::x° TT metric toms. o cr"cn...c acttor will
az..varsolg‘ afcet the yroductivity of taa eroded 1o nde
Studies by :feaael.c :uu Sikurejapet (1°65) on. faur ,
‘plots’ at St.. Coombe :Ftute represcnted by 1) loeads. baze
afier tea; 2)° ‘:ua e years old;: 3) lanc.a bare .iter
Guctc.*:zl:z r-'ss; .:;d 4) taa 1/’ Feara old, co:xcluc.e thasse
Soil 103 és dde ta toe ulsr.t.z:.b can te .con=
sorvctivel .~ estizated’ ot -ct"'uu.l 15 ta 330 zefric tons
zer .~-u.taro a.n..uc.’:_ly rlus tia additional lasc of 8 +a 1€
« watric.tons per. ....:'t..m of ::.rg"r.ic tnfa}/ ‘.:er i..corporat:l.n.,
‘a 180 to 360 k:l_lograa ritrogon 1logse

'DIDACTS

. A Pilot Pr:*ec'tr ) -.......:L'a..te Sail I :ii.:'f'
; “"h—_

-

‘ Recq&'xi.::!...g e .soiu oros...gn. trotion ux the C,
clocred Lareat lanis, tia. tom 1ziica,. -ead the atiie L
::Lscolla...u:ua; f:u-.a d. l_hds. of t...o ug z..:: ....te:.'shod ...mo. :’
dna b.u..:..rali' and in ordar %o ..r:m; tla. izmpdct ol thia
mti.:n:.l yr'blom tu’ tiie Iora-rroa.t'.‘ =% .Jm;].l ,'.'.‘Lat '7-::Jec..
A Xl;...s boon. ir....tiated by' i) J.:rautry g, -...ml uad s*ec:.lis*a.

5.~ 16



: r his z.!.ll demcnstmte the i.np:rt:xnt int e:-rola.tionahip

of roihrf stction, propﬂr lund use. sound soil cor.servation
a.nd Iale conagesont prﬂctices. It will also s_how the

_ necessit:r ta ovorcama tae lqck of essontinl inf.,rmﬂon .
_on farestry r.nd. lam. uaa of :the up'aor c..tchw.cnt arez of
the halmwoli-

: nct'm]_ l..qd. u..e Sf ,' sizecﬁld poctisn of the .
uppcr .‘atcrshe croa n...a boe:L At opcd -r:m 1979 aorial
h:uoc (T 20,000 sc...ln), a.xd. is. toing translerred ta
31‘ 680 printed topa 'raphic. uaps, to-which will also

‘_.b‘e added the so:Ll boum...riet af the princi;nl soils.. s

This coordina ued - farestry l_nd. usgo. s:i.l conserv..tioz;.:.

yrcject ‘will. be wcu c.n.aug.l vancud £ be pwtin.lly

..nz:lyzed for this ..a..luerm. raport. 'I.":i.; 7iil bo for

about 20 OOO‘ hectarea,, on the Ra.r a.'La 6utﬁﬁest. topograpitic
‘ ,mv-

.Lhﬂ ‘."Ilowin& land uege. ‘eaiegzorica wore used.
with »he _snur._liaec. lugcnu derivod fron the land us& '
cI..a ':Li:.cztz.az ad.,ptetl J.F tha Can.;.issiun m uo::ld. L.:nu
Use: Sumy, I..‘ter_‘.tionc.l. Gourm,.u.cal Jnion.. -

To ‘ SottLeuibnta.-a.'ﬂ'Ags:cintqd. N;vh—lt.sricultu';al |
q  Lond. | |

-é.‘.fgﬂ'a:;tit.nlhzro '
| 2§'< Homs: Gordens.

e .:""reos. ._-nl cher Pemnia.‘L Crops

3(1' - C’ac.,nut

3(!.::.— Gacau. :

30- - Orc.b..rd.

JR - Ru.h.aer

Car —’l’e...

_31::;- P3or or Abendoned Toa .

51T
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4% Cropland ‘
4B Padgy
' 4Pd - Permcnont dry croppivg
45 Skifting cu.t.tvatian (Chona)
‘. 4 Tobncco |

5. Ix:proved Per:.._nen Paswro

e Grassland and Scmblzmd.
63_,‘ Savanno. or Pa 'th.n..
'6Sc - ‘Scrubland.

_ Te ;'\T:;odl'qi:d. or Rurest ..
*TE | Plantation
8w .ch.;ga' or Hcrsh.

9« Uniised Land.

In ‘bhe nhoto Lnterprot..tian, in aduitian to

the- land use symbols, a' sy:bol for thea d%"oo of alope ‘
. was ...a.r}:cd for each ty‘pe. 1The slopes -vore ‘cclculated from
- the voober of 100 foct contours pexr n=l i’-inc!: an the
Jgu-j.nch _topagrcphic ..r.ps..” These. alopp sy:nbaia‘ ond .
c’ategérj.e_s are ¢ . ‘

" Te SIopca. less thax 20 percent

* Qe Slopes botwoon 20 porcent and 40 parcent..

. 3.; "'Iopea grec tor than. 40 ‘porcont. . - L
" Boundcrios of tho ‘thzéé'pmei,ml sroups of soils Tound
:Ln. the Upper Cdtchment. wore cdded L tho cap 0 cauplete
',tb.a a.zsosa:mnt 92 the - potontial foz the uosion and: a...'l..'L
"'leuos. Thc. tiroe- pr*_ncipn.'L oiT 3raups x.hic" cre | | .
"U'IDP/I‘Ao Groa.t Soil Group Doaign.ti..ns, are as f£5llows .
. cnd- arrx 1isted in'the’ srdei a£ the doaco.ding order o
| oBalons

4


http:symbols..Ml

* - — - oma aum— o o - -

UNDP/FAG ' Squivalont

Grozat S0il Group Suil Tmnont'
Designations: . -+ (USDA)
.o L . . Classificationa
‘fw Roddish Brown Darths Ustclfs
R e Phadust..lls, H...plustalfs :
e : T . ' Udults
2e 'R'q.d..',y_allow P.o'da.'ol'i'c Tropudults
! “ , .Trope ts -
- Je’ Izmzture Br:m.n Loaus 'Dyst;;ppopts

Tna- “r:!.nc:.pc.l gz i]. on the Ran,_,al.. Scutiawest
" aroz is tha .Red-yellow Pod;olic godl 3roupe a

" P facilit::te tho c::npil.:ti:-n 9Z the laond: use

deta vmous l_.nd. uged ‘bfpea were clso griuped i.:L three: |

-c_csses s de°cencu.::¢; srder of erssicn rosistunce oy
£allowss .

T 1Y, 3Ca; 3T, 4P, T, TPy 8

I }3c,, 30, 3R, 4Pd, 4S, 6s
COE 3ex,. 4T, GSc, 9

R ""*ble 5-9 telow is a suasary toble af the
.Ra.ngnla. ..outr.wut sheat. in nhicb. ig tcb ul..xtod thao lard

_'usos,. Ic.nd; ‘use typea, vartous classes >£ laad use slope

-'ﬁ.clasaes,. and. 354l losses -through soil u*azi.m na"rio.

. tons pér hectars ¢

5 =19



.' Tadle 5-9

Soil Loss by Brasian cf Red—yello' Podzolic Soila
o (I\Tetric Tons per boc"a“o) .

-

e O —— - o o -
-~ . -

" Iand Use . T . S
. Llass  Typo 1 2 3

I & ‘4T RIW
)3T - TeQ
4P e -
T -
T 3 4T T4t
4PL 30.7 91.5"

.65 2141 | 41,2,
or: Tx 106.4

6Sc L2 L 41.2

It- v'il.L e, nct'od. "hat tha *routoat soil loss™in
Rt .4 Ru—'ﬂ_a Southwost‘ 'J.rou ia the pa: :r toa catensry BTx
::.f 106 me‘tric tons: :ur hoctaro, witn the lovest “baing
Pcddy ..nd_ next ta Iowesr be;iag i waad.lm.d -or -.:rost
th :Llass of only 2.4 mutric tons por- hcctara. '

Az nbre z.:cecs ‘are ca:rpletod the' sai. l:rla ﬂJL‘L
oo ca.lcul..tad.. .or othe.. iand us2 clnsses and uy-)es sn the
th::ae diffarant slapa-claascs.. It is a.nticipcted thnt ono
otharl.:nd ues typa on tna ataap alope claues thut wi.u
shor particularly blgh. velues: i tho 4T ("’obacc.:) plnntad
an ovor 40‘5 slopen wi.th no s2il orosi:nr cantrcl uer..sures
utilized. <

5=20.



the upper wu.tershed crea and photogrnphod in prepa.rntion

. " Reforence is made to Chapter 6, Forestry, There.
a more detailed deacription of the pilot project will be - .

.found. . It is believed that the prelim.n..ry figures for soil
.'loseee in Hetric/'rons pexr hoectare are conserva.tive ...nd. that
", as more. experimenta.l dota and inioma.tion become o.va.ilable

ot

the s0il losses from.erosion will prove to. be even grea.ter.

Torested and deforestod _reas, good. tea and poor

_Atea planta.tions,. to,bccco pla.ntutions and sites of both good
: so:L'.L conservation prr.cticea and poor ‘801l conservation pmctices

RO L S LU smmoremaloc ameliol h.':vo bebn visited in

- for 39 .. slid.e presenta.tions. Nearly #ixty sites were

\

_vis:Lted and phntogru.phed to :Llluatrate both good and poor

land use prnctices on this important watershed. To this will

_'be added ca.lt:ulated soil lossea of, the. m...in-aoils of the

watershed. e.rea. from the back ground of techrnical meterial
fourid Joshua's paer (1977).. This. w:Lll complete the pilot

. Rroject: described above.. -

In. ndk;ition to Joshun.'s work. on soil erosivity
anothor sig::iﬁcant mk of s0il erosion research. is being

~‘1:andu¢:‘ted. on an PAG/ Dept. of Agri. aponsored. wn.ter man..ge-

_nu.nt Eesecrch !ro;ject on. tho Hannu Oya. Watorshed u‘ea ot

10, OOOacres.. Runot:r is be:Lng measursd on & deta.'!.lod. study

of the mt::.'::. cn:t:chment a.nd. sub catchment nnd fronm throe

- madm pIots of well nn.na.god. tea (3 replications). Runof?
' and soil 1loss. is 'being monitorod cs well as a.'Ll na.na.gement
'pmcticee. Dr..’ Ncmnn Hudson conaultn.nt from ‘cho Knﬁona.l

COJ:Legc. ot ugnmltural Engineering, of Silsoc, Bedi'ord.
Engln.nd and E- Kn'.ahna:ngah ot the Soi:L and. Wator D:lvision
"o tho Dapc:tnen$ of Agriculture oz Sri Lanks are the - '
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'di.rec LIy involved i.n this im*ortant cooperative resoarch
pro;ject. It i3 research projocts sueh- ns ‘those ,whieh give tho

_'sound tachnical basis for good la.nd use and well dusgigrded- -
cmd well executed land monogemout practicea. o

- Acclercted iLrenm —Imp‘.cts ~ . lMoil erosiom will
increcse on. the upl:md areas of the a.cceler ated areas u.nlesa
"carcful attention 1s. paid to. ‘design _nd. leyout of :.rrig_t:.on
.and dra:l.n..ge systems.n The Redéish Browm. Ea.rths (RBx..) are
particul...rly suscep :L'bIe to erosion. Annuanl irriga:tod cf‘qopﬂy

‘8hould  be cestrl A.r'ea.s. ss.
maf.our percent. sIopes om u.ll goil #““

. In Systen B. the soils are gcnerally coarse
textured with the: oxception of. tha recent alluvial. of the -
’ two ma;jor river ﬂood pla.ins.. “These’ soils are sondy clay
Io_ns or co..r'-er :Ln. texture, hence the a.va.ilable water:
'holding capacity and ca.tion excha.nge capacity tends tovbe
Low for soils occurring over the majority of tha. pro;]ect
.areu.. Althouglr.salinity does not appear to be an. inherent
problam  however with the 1.n roc.uction of irrigation wu.ter.
scliL.ty'cqud 'build up in poorly drninad. arecs. Ihere:tore
'tho- p:ovision of sdequate dra.in..gc should be. "hroughly
Vin.vr:.aﬂ:gnted,. to prevent this from 'becoming a signi:ica.nv
problem — - not’ only 3::; syaten B, but in-the other three
systems’ o:t the AcceIemted. arex as well.

\The' reddish t'a brown s:mdy loans, usun.n.r
usocia.ted with' the steeper alopoa:ﬁ'god wator not only"
'beca.use of gmdient but a.lsa due their lower infiltmtion.
'mfea.. . Theae aoils' under poorly ma.nnged. ir::ign‘bion could
‘ﬁ:zthsr aggreva.te th& oxcasa:Lve wetness of the assoc.iat'ed.
Towlands duriig thy' r.ro.m-. monsonn seasonm. 'Because of th}



n..tm*u of the clay fr-'ction (Raolinetcea) in tha reddis sh
'bmwn soils, these soils dry out’ rapidly in tho Yela
Honeocn s2ason, 'Uz:_l,ike their grey-‘brown s_.ndy ccunter=-

parts which remain fricble, they heeona cxéégd;;‘gly hard ond

difficult to cultivato.

k:_n_' Sys"en c poorly drained soils occupy a.nd

‘ occur.- in 1a rgor ..ae# continuoushwa.-és tha.n the other two
g*oups of soils, T‘ze uroportion of irrigadle upland :Ln |

"to 1ow1._nd 1...1_' 2 in the Northcm portion° wicde ning to

T 8.4 thc Southem no*tlon... Relative reli..f is nuch :-

g:reu:ter in t‘he Southem then. the. Northem por‘b:.on.. Slope.

irroguIarity- cs r:.uch as slope gr:dient' ig a ma:]or pro'blam.':

for: irr:.gatlonpl..nn_ng in System C.

hore mfomut:.oﬂ nmsf 'bo forthconing fron

Syster:s A a.m“. D, before on. impbct _n.lysis o_a. be m*de of
the soil :mc. classLlc; ion end’ lond' usa.

ta

LiTACT? ANATYSIS:

- GenersT’ Consitor=tions:

1'he~ ca.rl:.est civilizations ‘emergod whore soils'
ware richest- and‘ wator ‘wost nv:.iluble and dien'. cut' when

aoil boccne wa.toz:logged and saline through r._ulty' irriga.tion.

- when mtarsheds h . beon c.oforested and. when. sa:xl orosion
a;uu. silting h d. dcstroyed the: ver:r ‘bh.sis or agriculture
f- Ioday irrig:rkion is ag x:mch. a2 problen a8 g solu"icn to

improved'n *rict.ltu::e.. According \to an estin..te[ b;r tho United

"N.:Ltions Foad, _nd: Agr:.cuIturaI Organiza.tion (I“.O) ’ 70%

& o“ tha i:ﬁéﬁi‘ed Iand. 1:.» Eg,rpt, Irem, Iraq and Pa.kista.n is

v‘dfcctorl by wntorlogging azd the. bu.'LId-up c:t a..ltsﬁ Tha-
problan"is not con:fi.md td tho tropics.. It occuzs .n,

ovury country whiclz dovelqps- substa.ntiﬂ. irr" g::tion.
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e most, cocncmicol cmd rezlistic soil
-cc:':s-:‘rv:'ion practices ‘can bs formulaved hy ni tisa‘t"ng
rals tivo crns*o*z 1azardss in an orcd or v cgi«m rotiicr than

by giving' o. tlenket rec;::.-?.cn"e.ti,on 0 ¢ vc.. all plantation

. es'is preaently dope. Oporations involving crdsion hozards .
sluch o5 replanting of ‘old tea l:mc.a, pru.dn: tca,. 'ond cleor

o ’

. wocding by the use of tho cvew':.-re‘d "v( ronain hané tdo 1

b

é:.:‘. vo bimet .i‘o':'. perz ocdg of ~,..n*::'n.t... o-'osiv:..t,,". So..._ . ,'

‘ c.'.' _cc; urcs such cos est bli.,l ent et covc:', *or;s
z:::d miin.aininé mulch:.s con be udopwd ~c¢orung to moz:.':ticn
- 02 so:.l exodibilitys - Aftcr prun:. , ‘closa, cultiva tlon wi'tTh
,\‘bhe "Karm&i"'hn.ni tooI.*., h.adc, nd sra.ll wceds J'o T
'g-t‘mc*cd up :lz'i, & ang bu....e.r“ 1nstcac. o toa 'n.nr' tk:‘c.-z to

’

-

th c ez fa;l.‘,' r:covérs ."..‘r'-:

’
ccodtsail cover *)v‘o'ccct on.

2 cf_’:h": lohaweli = i "*owlm’cq
ot tho. re:u. ive stability =nd instability of the ":::icﬁs
soila of "he Uprer.; o ershed a::"c o:t: tha L'c:..mml:!. Dcvelo

uént' is' m,o*t_nt +m d cevelomng a. c_].-nlmm'ed BY g

io" tncx..*efc:cstaﬂon t:nd preser" tion of th .rport ant’
.".r ¥ st...b:!rl ad uppt.r v::'.tcr"b"d ...rec. 61‘ thc "d.h..._wcli

13 o.- c€ t:ca.l -;nd necua ~ry p_r“ af the ﬂnt:."'o .upst'"c

i and’ doms e::m' deve...o“m‘.nt. . W:.thont a '-ict, tmcly,

wcl.-pl..r.nc.a, v.-e -am_ged, ae:.l_ .n':lc...cv-tcd .nd organized

2&*‘0:93‘&«.‘1&1-"0 servc.":tom 1ro;r=n a.. doms.rca._ dcvclﬂp-—
neot ia doo-zci to f lurc, soonor o* L."c‘z '.Ehe asr. is‘
..ware cf "his med, 'bm. a c.c‘::'.iled ..nd. b::s" cally "ou..d'7
pl..n of” ..v:p" emen,..tion rer::..ins to bc organ..o"' - ona of'
sufficien: technical strenvth and detaﬂ td avoid welloknoun
ommissions, pitfalls' and errqt’s of the past and to provide’ ;

for sound land use for t:he future Beneratmns- of: Sri L:nkans.
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Imnor...nt b‘..s:.c d..ta. on the erosiblhty of - goils.
dn Sri.Lan' “has been and is being invostigated by soils '
' sc:.ent"s‘bs. Future Hl:*.r:.nint= for ppropriute lond -use ‘of
.thuse so:.ls. :.s raﬁd...tory to, suve tho aoil ._nc waver resources

of t his cnuntry.

Recormendad Action’ — Unper Caotchment

' Tho. ;. 1: ortance "of nmo mglng tho h...h...woli wu+cr~he-d,
p...rt:.cul..rly in. ..J..:Lt...:L::Lng and ma.nag"ng ‘-aegetation is c‘*it:.cc_
to +he suc"eseful mnlomenta.. on of- tho. stor..pe,. irrdi gation.
and r‘*a.ir.gc 'Jste-vs for the accelerﬂted areq, thet Cat needs’

‘mdpe scecific- ccn51dara+ion.

The ni tlg.tion o flooc.s and droughts beg...n on

.upland wa turshc 'O".ly' by~ ‘the L”ln,enancc‘and m.n...gnr:.en*'
-oi suit_bIa ve*cta..uon ._nc, J.md-use 57 o] c'cias ups"rca.z: ecn:
ngncul uz.*l Ia.._d "'e p*otncted- »¢n the extremes. of too .
r:uch . too l_ttle watcr. V‘eget...‘c"on not cnly holds 'va.te:r, bof

1\.*"*-'* 4t slowly, but :Lt ..nd t‘vemulchcs the 17 oaxn- e .-
crc....ed frcn it mprovo. the physical chcr&cte*istiﬂs of- .

1& soll. \Littor o.nd. Eu:us cnh._nce. scil S'tructure, ..npedo
nmofr r.md. mcrcn.sc _the. cm:ac-tv of the soi" to absorb .

nois‘tu:e.

In Szd. Lanka tb.o hi@hqs a:cu.nt of so:LI arceion
: :Ls obscrv'ed. in the upl...nd :xroa. :Ln. spite of rel atively low
_soil erodi'b:h].ity. This :Ls 'becauao of: the lomg and. steen )
: slopc§ ex:i.sti.:rg A= th:[s areas This ig cspocidly truc ,
~o.f: tha upger wa:t:c*shed a.re::. ot the L‘Ia.h.awe.i. :
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3 + ! * . T 4 T - Y .
Tho firet rule of water mmmgo:::cn": Icr-the
ffakaweli dovelopmesnt. .‘.'s "the protecc tion o orﬂsté vocd-
: : E< : ’ .
‘lavcs cnd Yea lands ond their r.c;zta: b3 c*r"f "hcy h;we beecn

?.es-b:cyccf.-' This.in tuwm ne:.ns'.restr..in'!: o1 lané use = on
of the =os _...sorc fcsﬁohsibilitics in “ploces whore
yopul..t:.cn is acuve. cr" \.1.1 bcnor:o so. 20. rcs‘arair :

'z.evc-ref-"ta on. bumirg, mis:""....sc:x'*“*' of tec ".:m'is, ovar=

‘3*-..”3 o* 5‘-oep }w J.a.ming, ‘wiiexo 1**" *'s :.n .,..ort.'

“supdly n\-.,r gecn- pron ia* tively c:f:icu_.«. is it~~i nat’ do:..e'

the p*:.cc ig. tho fur '::':er de ....,.c‘.::.c~1 o* soila, vastege of

~ N -
“natursl ves u*ces, ‘filszeding,. d:-oup:'.:, ‘dis asr‘ ~and increcsed

‘hertality rates. _ :
.. ‘where

: In' p’m: ons o*‘ tc.::,. m-}gdlc..;, "ndnothcr'
cro;xs ""'c lrc*d:r m.c ea fuL" e.;t...b;._shet‘-on modcrato
s...c,,c..., mro;.vcd l::.n':l cnc_ grrs 1..Lux:gnt- ,r-..,ticos ’ .
c..n.-.:.cizicvo er*ca..,cus -er'uctioh; in. soil é""o":'i.cn. In "'he,

U’nitcc’_ S*’...:ttzsr v'h..::h losse 4 billiow motric tens of

Y]
2e

topsoi‘f ez z:h: yez‘.r,; orpar"-\ ' va 1 vo show' tho ef "Qcti \.ness
o.f. ccn..cn.r Dlo-d.n\_,b c:ccg *eta.t:.on hncl ummg In the ca
oﬁ “ot..toes,. contmur p.qrtinr' "ec.uced "he soil: craa:‘.on .

nte i’.rcx: 32.3 me"m Song: pa“ hec‘:..re ) O. 22 mtr‘c

-tcns. _ CbH:cn- plz:ntec. co iou.,_y' or. z: soven perccn 8lope

> .
Tl At e

*em,xltad 2 o ..vr“ﬂ.@;e znnuc.L.ioss oﬁ 46.4 motTi¥ tons ot
soi.‘r. pc_ hec*ua,..v:.ile' co‘.:ton grom in. rct..tion on the

- ».'ov'L\~'

-crntom: Tedirced “het la"s. to 13.3 r:ctnc toz.m. By "ddini"

'.- - - \.. e

.x:x:nure 0T ot“er‘ cv-'_nlc' .,c.ttc:p, mzc‘z ..s lec vgs dry weeds.
\c;nd-'ct.‘mr v getatmcn,. ta' prodt.cc ‘to-n ail ‘mulch., -

. 1%

T tcr fmprove t:he more rap:.d. intake of’ soil

U
.

"
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reigt: 've, soil ercsion.- con be ‘reducod by a factor of threoo

[ g S¥E03 tﬂldg Alt(;;ou:;h‘ these fipures may not be exzctly
relati 'e to other climntes and other scils, they are sugges-
tiva .o viat conservatioh mecmures can achiieve. Those
technigues for preventing 80il loss and depletion of nctural
resources hove boen knowm for a- lons tine,. but oan -often .

foryeta or neglecte- t.leu.

“In the Porestry Section which follows a ..
reccozendod p]:::ﬁ..is;set forth to~i:plemen*_t.,-.a.-éonstmc.t_ive
progroa of feferestation, erosion: coﬁtrol, and bringing
stabilit-'r and -hizher productivity <t the agricultural loncs
o thc. ‘Mohneld . catchnent ‘basing; . Allarge . number -of. government
"agencies: zni.priv*‘ae: aoc,to_ml ‘Zroupys- are-concerned-with the
- restarction of.~the:-bésic-..mh1rci:~ resources of the upper
watershed arca of the-lchaweli,.but there is.no.evere=all
c,ocrdinating-plu.nning-- bcdy. or conprehensive legislation
¢ well-defined plan.to bring this about in a reaconable
"and sa.tis:fa.ctory penper.. - Sufficient: nunbers of well-trained
technical people are in short supply. The soil ccngervation
gervic.: of the Depcrtnent of .griculture is in charge af
soil conserva.tion megrures, but only six technicel poo-;la
rerzin -cut.of 'a ‘total of scme 64 people. who originally had
training in soil conservetion. . 4 realistic budget, sufficient
trained persommel, a central pln.nning and controlling organi-
zation, cnd precise and ccnprchhnnive legislation are all
& necesgsory part to -carry out on o2 foctive upper- watershed
plzn’ fortho Jo.ha.we]i development.

Recorrended .".ction = )ccelcrated Aren

In ordor to tosto: unifomity .nd. efficiency in
'pla.nning ‘Ehe irri...,at'\.on developnent ‘and" bthor a.sract's of

the AodoTsratad. Lxocs within the systans A,B,Cy ezt D
'serious thnght needs to’ be siven ‘to osts b.:.iahing unifom
land cla.ssifico.tion st...nd..rds and speciﬁc..tions. “Systen:wH"
is c good er.ample of ln.nd cl._ssificc.tion bc.sed cn USBR

5-27-.
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specifications, wherein four arcble clcsses wore used with
one tcrsortrory ncn-arcble—class 5, and one ncn-arnble class=6.

-

' Vorious management practices will permit the
improvenent. of production frou coarser textured soils however
these will rc'qu:.re higher woter, fortilizer and lebor imputs
thon will finer textured soils. This w:t.ll apply to both
upland. soils. and low‘.L:nzd paddy soils.

' Pc.ddy‘ is especinlly mconmcuded for the ﬁ.ner
:tex:tured 1ow1a.nd eoils, some u'-lc.nd or mtemediate slope
. soils pight be used for flooded. paddy, but these would. require
highér amounts of wcter due to faater percelation rates than

lowland soils.

-

' Rocky and shollow RBE's shculd be usable to grow
wgodlot reas suitable for firewood.~ Also the use of specles
‘thet reproduce thensolves to more completely protoct soil
“from eros:!.on in the replanting prccess should be cousidered.

Steeper topoéraphy lirits the deeper phases of
BEN's -:d these londs should not be cleared for annual crops
because tie idisk of erssion is very hix_r,h. '

Very steep 8¢ pea of over 40% ore better suited
to perennin.l plantings such zs foroat trees_ o2 a.pnropria.te
spcciea to suit the planting conditions and 1oca.l climzte.

-

Judging .f.rom the dendritic patterms of :Lls..
particularly in Schemea B and C cnd the relativelyimnll
differance. in elevation in many arecs. between uplanc and low=
lond. soils, & more adequate cssessment of the druinoge-

- requiraments. is folt to be necessary = both for a: tochnical
design and n aconomic cost analysis.. Export advice on this
should be roquired at cun oarly dote.

5 =28
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L suger estate has been' recormended in tho
foasibility etudy for the northern ares of System “C".
However, until a detailed land classificction is made
end the dreinsge proﬁlén'completely analyzed ard technic=
ally appraised for future land use, implewmentation would
renain only one of a choice of'poésibilities. Furtherrore,
for a viable, agriculturally tecknically sound Sxi Lanken
sugar or sugar by-products. industry, oll promising adapt-ble
ldinds should be considered, fronm which final arens would
be selected. This would include significont contizuous
blocks of land which would be characterized by dcep-
well-drained soils which are neccssary for a high sustained
productivity of sugar cane. - '
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' CHABTER 6 -
. FORESTRY

INTRODUCTIDN

'I'he Forestry task of assessing the. environmental impact
. of the Mahaweli. Accelerated Program is composed of two separate.
amdies, the Upper Catchment and the Accele:ated B:ogram Irrig-

atior Sys tems. <

This Interim Report deals with the. present land use and.
fores try mapp:'.ng of the upper catchment and an - outline of ‘work °
- planned for the_ I:rigetiou Systems. '

UPPER CATC@ET

Belsting Conditions

", . Qverview: =. Ome critical factor in the successful ™
development of the Mahaweldi Ganga. ‘for power and in:igation is
_adequate soil conservat on of the catchment area to prevent
‘siltation ¢ o£ reservoirs and to provide. protection of water )
.quality for 1r:igaticn.

Eield recmmaisaemce by car and hel:l.cop ter indicates
“that: ther:e. f.s se:ious erosion taking place throughout the
catchment. aree.' In order to quantify the extent of the problem,. _
. present: land. use and forest:y mqr is being. prepe:ed ftom avail—
:abj.c 1979; 1: 20 000. scale: ur:l.a.L phctogtapha.. ‘The photog‘nphs. -
cwe.rs about 75% of the catchment area and couiprises 546 ptinta
.‘-.gf yhi_.cl:_.z.sz_ pairs wu;e annpta_ted.

ngging Method" = L:ud. use. typing - thc photngtapb.s
‘vas cerried cm; using cgene:aliud legend darived from: the
c.laasificatiou ed'opted by the. Comiuicd. on World Land Use
Su:vey,. Inte:nationel Geog:aphic Union..

i Becmsc of. lack of dme, the number of catego::les were.
teduced,. md.’ cue categorr, 3 'rx.. wu "added to indicate poor or
cbmdoued tu. ‘l:he clusification for, the upper catchmcnt is.

6 =1
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s presented belmr
1... Settlements md Associated non-Agric.xlmrsl Land

2., Horticul\turc
W2 Homestaad Garden
' 7‘:'!'.;-,,11:« and Other Perennial Crops‘
.3c Cbcouut
: 3 .‘!Ca. Cocos.-
30 Otchard.'
) 3K Bubbcr‘ .
| :rr Tea ,.'4 '
_'3'1'x Poor or Abandoned Tea
‘4. opland
.. 42 Paddy'
_4? Eermanent dry cropping
'zos Shifting ou.:ivaciou (Cbena)
'é'l' 'robscc
' 5'.. . _Improved Pemanent Eﬁsmu\
. 6.. ,_._Grssslsnd. and Sctubiand.
‘6& Ssvm or Pstms
GSc Suublsuct
'r woound.

LN

7?' EIatst:lou-

. I~ _..

8 SHanp sud. Mu:sh

=t

Lo -Uun.ud l:.nd

e e I.‘m addit:r.ou to the land. use symbol.s, s symbol for the

o 'dcgru. o slope vas- mazkcd' in each.type. The llopos vere cslcul-
'-_stad. from tb‘b numbcz: of '100- foot coutours per half iach. on- the 1

' .‘nd.].c = l" tcpogrsphic mps. The slopc symbols are prcscntcd
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below T
1, - Slopes less than 20 per earty
ZZ Slopes between: 27 per cent and 40 per ceat; and
'3, Slopes greater tham 4C per cent. . L
’:.The types and symbol.s are. being ttnnsfen'ed from the
. ohotographs by a scale-rectifying optical instﬂ.unent ¢ to the ?."

.- 1 mil& topographic maps. .

. Bé;mdaries o£ thc three ptincipal groups of soils -
fouud in the. Upper Catchment wete ‘added to the map to complete
the asaessment of the potent:ial fox: erosion.. The. thtee soil )

gIoups ‘are- listed belpw'

le - Re“ddish brown ea:t:hs'
2. - Red yellow podzolic

B P Immature browrr loam

'rhese soils arg listed in descending ‘order of erosion
renstance. A descripticn of the soils may be found iz Chapte:
' 5, SQiT. Conservntion and Land Use.

'ro facilit:ste. the cmnpiIatiou ‘of ‘the. land use data, .
j;t:he varioua Iand uses- were also’ gmped im three classes in des—
‘cending: order of— eraosionm rasistance. as follaws: ) '
T 1, 2:{,. ica, aT, axz, 7, ®,.8

n:. 3(:, 30, mam 168 6S:
fn'r‘.‘ 3TX 4T 65 9 -

D'ut:'.ng the course of inte:praution it became. apparent
that thru. catugories of tas shoulc[ have been uacd nmby good,
,infemediata snd' poor. Since- this crop covats such an- extenaiva
n'n‘. of the catchment, its importance in arosiou conttol. and the-
amount: cf cffott to rehabilitate such a larga part of it wi].I |
bet:ane a mjor segement in the tegioual development pala, Well -

'mmgad tea is catefully engineeted with accurate t:en'acing and

: z\j
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propc ly spaced ‘and loped drains and, except for relatively
short periods of pruning and. fallow between replantings, is-

an erosion controlling crop. However, there: are very large
aree of tea which’ partially fit in this category, partially
show 3 breakdown in the- terracing system with far less than

‘a, full :over of bushes, snd partially -appear almost abandoned.
All three categories may appear’ in one éstate.:

AeriaI photo interpretation aIso. disclosed the
continuing removal of forest at high elevationm, x'l'he usual.
pattern on tea estates 1s to have a number ‘of bold mountain
tops or patches of scrub and grase land. in the centre of" the
estates,. This indicates that the forest o these areas: has °
‘beerr removed for fuelwood in the past. Iu some estate&plant-
‘ations have been- established either adjacent to the remanént.

‘timbet ofl on the upper slopes of the plantation.

'mere has been. one study of run~off and .etosion in

.'the recent past prepared ‘for a M. Sc degree to the Postgrnduate
.{nstitute: of Agriculture, Iniversity of Sri Lanka. (l’onnndurai.
-1979-)'. The study was conducted: during the period l975f— 1976
.it the r.aneeliye-Dediyagala-Na!d.yadeniya forest: reserve in the’
'southern wetzone nplands. .This ‘ts. considered to be: the best

tzone— forest in the country composed mainly of pipterocarpacea
.-Zl» te 27 meters tall. :

‘o

, "'wo adjacent‘ catchments. were: selectad the ona
.part:ially I.ogged one year prion- to the. project and one not cut‘
‘for- the previons ZO years.: Log&ing removed aopro:d.mately loO'L
"of the vegetation. e e

the: Study showed that the average momthly measured
sediment in: the uro catclnent streuns was' ZA?. per cent greeter
in.the. partially cnt entchment compared to thnt i}i the nncnt .
e

This evidence taken together wit:h .the erosion evident

. om the denuded hilltops indicates that the regulation prohibiting.,

cutting of natiral forest over 5000 feet. elevation should be
: enforced on privete lands as. well as public ‘lands.
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Compilation of Existing Uaes =~ Areas of each land

use type are measured by a dot grid and 'grouped according to

the three criteria mentioned above' namely land use class, soil

class and slope class. .

--The first: map to be. completed and measured is Rangala

' SO!.Ith westo

(Remaining maps are under preparation).

This is ~

located in the North West Cormer of the prer Catchment ~nd 1is

typified by medium class'tea’land, £orest and scrub,.

Most of

the 310pes range between 20 and .40. per cent and a larpe pro=

portion of the texa. shculd be replaced by forest pl:mt:ations or

othe: soil conserving CTopS.

Table’ 6-1 indicates that only'
8.17%. of the slopes are less than ZOZ. The whole of this map .

sheet: is classed as No.?. soil, Red Yellow Podzolic, the median

- soil group for susceptibility to erosion..

A. copy of the Rengala

sheet mey be found in the packet of the end of the report.

/

" Table 6-L

' Present Land Use
. Rangala South West

. (hectazps)

Land Use ' ; 'l'otall Percent

Cl.:ss ’Type | Slope ' -
; .- T 2 3
L.'H . 255 . 478 ~00 1330 3
3T - 6384 ~ 6984 34,8
-3 ;4hS el e 4§ 2
=l 6498 ~ 6498 323
Tows ——— 3005 A9 —= JAGED, . 22:9,
R R b C 40, - a8 L LL
IT 4B 757 291 -, 1048 5.2
S - 9L s06 197 4w
o TN 935, 622 06 2063 10.3
I, X - 150 - 15 Q7
T ese - 3006 219 3223 l6.l
Tat.. - o 3156 219 3373 . 16.8
GaTot. ‘1635 17736 735 20096 - :100.9
“parcamt - EI | TEET CTRE TS
6~5 '



_Analysis of Soil Erosion.Problems

The information ‘obtained from .the generalizec land
‘use map will enatle aw estimate to be made of the relative
erosion hazard of the soils ‘in the upper catchment using the
caleulation meth_od used py\Joshua (1977) for Sri Lanka. This
'calculetion takes.-into account the erosive power of tle rainfall
. for various: stations ‘on. the ialand erodability of major soils
".groups, slope and land management. Results are given in metric
tons per hectare., The figures, themselves incicate. orders of
‘ ‘magnitude of the erosion problem end indicate the areas most
’ .sericusly in need of remedia]. action, thus allowing e sequence
_of priorities. to be set. up' as a part of an overall regiomal.

—redevelopment plam..

The universal soil los.. equation is A= RIG.SCI.’

(wischmeiet arA Cwmd =k 104K\ 'th"n ~'

‘._A.a the mass of soil loss. per unit aresa

R= rninfall factor .

_ lC - eronability £actor of different soils

) ﬁt length of slope factor

. §=- slope gradient: factor

C= cropping maﬂagemmt f actor

. E - factoz relating to erosion control. practices

< AIR.. mlysis of the. 'Lnngala South West mp is
‘shawn. in Table 6~2. , ;
Table 6=2

“$oil Loss. thtough Erosion
(i tous per hectare).’

Laud Use . s e e e slope .

‘Class. | Type. . - =~ '+~ L 7 . 2 3
| B SRR laol -
E T - T TG -
e ‘.2 ..:. l.z, . —. . -

T 2.4 2.4 -~
-3an - 4u7 BTN -
. IT 4pa 30.7 91,5 -
' 65 -~ sl 4l.2
111 ) 3T, - . 10604 -
6S5c : - “2l.1 41,2

- M .
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when these f:igures'are‘ spplied to the sreas of the
"land use types on the Rangela South West map the average arnual
loss for the 20, 096 hectares is 12 tons per hectares The results
derived £rom such a fxmlg in the ubsence of corroborative '
meosuremeot.s mst be reguried as general ‘orders of magnimde'
however, they u.re 'so’ large thet it can he taken ‘that erosion is ‘

've:)" heavy and. correct.ive measures are ugently. requireo.

‘lecomended Ac tions _

. General - Erosion wntrol in the upper catchment
-is a complicated proulem. It not ouly involves protecti:m o£ the
: rive:: and river developments out also crop diversification fo
mest the decline of agricultural production and the provision
of fuelwood and building materials, Even now there are local
shortages of fuelwood inmmany arees of. the upper catchmeunt which
affect the local populetion and the tea zad tobacco industrias. '

-

Govemment ‘Controls = There are a large numier

of goverument: agencies concerned with various aSpects of the
redevelopment of the upper catehment but ne coordinatmg body

or: comprehensive legislauon.. The .;oil Conservation Service.of
the neparunent of Agriculture is nominally in- cherse of comser~
vetiorr meaaurea bat this 1s a.small orgeoizat:iott with one '
vebicle and a. very small !zgdget:.. (:oncise ‘and comprehensive -
.legislation and estrong anutrolling organizatiou.is requirad

‘to organize and carzy cut am effective recevelopmant program.

Hete'rshed" Hantege.ment Plan - =~ In order ta redevelop
the upper cetchnem: an. overall redevelopmeur plan is required.
The £irst: step- iu .the preparaticn of such a plm: is. the pre—

peraticn o£ a. land capebility nap.

J.'hue. mps. are a combination ot a series of overlays
"et:c workiug scele of L;lo 000.. 'l:he overlays ate a preum: lmd
use mep,. aoils map,. draiuege map, 1md ovnersbip map and topo=
grephic mp. ‘The eombinatiotr of these maps: provide the basis
for: tha cnpaoility map’ wizich shm the. Lest: land use for’ each’
'o£ the eomoiuet:ions of soil and. topogrephy. It.also shows, the
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areas most susceptibie for erosion,. allowing priorities for

remecial measures to be listed.
, With the land capability map a 10 year action program
can be developed listing work - prioritiea, staff allocations and
establishing annual budgets..

Eegislation Reguired ~ Legislation should be -

designed accordmg to the redevelopment program, granting powers

enabling the plan to be implemented,. This means. certain contral _

, of land Juse on private land, control of -the tea and other cor=
porations_ concerned with activities in t‘l;e upper catchment and
provide both incentives as well as. penaltiea to. achieve good

erosion cont‘rol.

It is thought that a govemment corporation would be
the beat type of organization to develop the upper catchment.
-'rhis body)would be, centraliZed and would have its own equipment,
transport.and maintenlnoe facilitie:. ‘They could second the
best available people from government and"indu_s.‘t:ry and organize
t::aining facilities"for_ the large number of specialists in the
.v.ardl;oua. disciplines .in'volvc'd.'

‘v administration = A Corporation has- the advantage -
1o centralized accounting for effective control of "the many
.activities’ iavolved The corporate strucmre lends itsel: to -

the maungenent and fntegration‘ of a mmber of diversa activities.

. The principal functions of the corporation would be
the., rlhabilitation oE tea Ianda,- supe:vision of the crop divnrsi-
t'ication progrun and utablishment of forast plantations. ‘rhe )
Corporation would have marketing functiona for the crop diversi-
fication progran. and an extension function for small holders. .

Internetional funding uill be required. for such a
Large undertak.ing But should not present a problem if o deteflecl
redevel'ogmmt ptlen is prepered to support the request..

1

ACCELERATED PROGRAH mRIGATION SYSTm’..
btisting Conditions

It appearc from a study of the four cousultant

> ot

6 =8

G



reports that the area 13 still about 50% under forest. This
forest: is of poor quality with the exception of one area on
the. 'iorth end of System C..

- The methods of clearing thus' far has beenm'to aut,
and burn, most by. would-te settlers hoping to- be chosen offic=
ially when lands’ are allotted When clearing is. complet:ed the

g only natural forest remaining will be wildlife reserves and patks
plus small patches. designated by the consult:ants to be left
aIOng rocky ridges..:

wOrk Planned

. A present Iand use map will be prepared from the
1220,000 photography to provide a base map for. plotting settle~
. ments, canals and waterways.. This map -is_essential for the _'
location of fuelwood plantations windbresks and canal protect=
fon élantat:icms.. The available maps: are sketchy, ‘lack detail,
and at a scale of 1: +50,000 are unsuitable for presenting and °
analyaing detail. for a complex settlement scheme or regional

development plau.

A fdrestry.;réw wiu. be obtained from the Forest
Depa:t:mmt: to carry out vegetational pattems in the Wildlife'
‘Reserves from which a floristic composition description will -be
. made and successiml stages will be. inferred,. This will be done
from the point of view of habitat for wildlife,

AR unalysis of the forestry simation in the -

. country will be made from availnble. data and eserial sketch mapp~ -

ing._ The ptesent: and futu:e demand. £or building materials aand
fuelucod will be calcul.at:ed - The supgly aud demand picmre will

be fomed. indicating the impact: the de£orestation of the Mahaweli

area; ha: had. Recomendations for pl.'mtatio'ns for various purpoa

.....

u:f.ll. hmn ta be imported in' t:he interim. vil.l. bc estimnted..

es

Since the forest plantations will ‘bo very utansive,

tecomendacions ou: trainiug for the Forest Depa::t:nent will: be -

sugges tad,.

€=9
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CHAPTER 7
PUBLIC HEALTH

EXISTING CONDITIONS

Overview

Evidence on the péttern of health in Sri Lahka can be
characterized as indicating a high incidence of diseases attri=-
butabla to envirommantal conditions, a situation frequently found
in less industrialized tropical countries; but, with heart di-
Sease being the leading identified cause of death, morbidity
statistics are more typical of industrial countries, This in-
consistency can be explained by the existence of a relatively
effective health-care system in Sri Lanka and the resulting
suppression of mortality but not morbidity from environmental
diseases,.

Published statistics on health in Sri Lanka have three
major sources: .
= patient records from admissions to government
hospitals;
= death certificates; and
= special surveys,

Each source provides somn.ipsights but has a degree
of lim{tations.. Hospital data, which are used by the Ministry
. of health for morbidity and mortality statistics, have two
primary wealnesses. They identify only one cause of hospita-
lization, which tends to exaggerate the occurence of acute
diseases, such as those of the heart, and to understate chronic
diseases; such 33 parasitic infections, that lead to the acute
condition. Sacondly, the population countad is biasad to-
wards those with serious 1llness because lesser illness are
fraquently treated by the .private hesalthecare sactor, which
provides a large share of the primary care, or they are
treated on an outepatient basis at government institutions,



Morbidit

. Pour classes of infectious diseases dominate admise
sion? to gevernment hospitals: bowel or diarrhoeal diseases,
malaria, pyrexias (fevers) of unknown origin, and infectious
hepatitis, All are typically linked closely to envirommental
factors (Figure 7-1), Bowel diseases are believed to consist
of bacilliary and amoebic dysentaries, gastro eﬁteritia, colitis,
cholera, roundworm and hookworm infections, and they afflict
,gbout 40 percent of all persons seeking treatment at government
medical institutioms. In specific areas, such as im System C

of the Mahaweli Development.Program, the proportion is higher-

Malaria cases 2lso. rank high in admissions for all -
areas but particularly in the {nteimediate and dry zones. It
is the highest cause of hospitalization for infectious diseases
at some hospitals, such as at Polommnaruwa., Pyrexias of unknown
origin are assumed to encompass typhoid fevef, paratyphoid,
arbdivirﬁs diseases, ricket:sial.(tick'borne) fevers, leptospi=~
rosis, and similar diseases related to environmental factors,
Since most of the agents in three of the four classes of infectie
aﬁs.diseaées are bacterial or parasitic, they are generally res-

ponsive to treatment, a point apparent in mortality statistics,

Mortality

Using compilations. by the Registrar déneral,from‘denth,
éartificatcs, life expectancy was found to. be 68 years in 1978,
npout 26 years more than the expectancy in 1946, Two causes
of death not directly ralated to environmental causes, heart
disease and accidents/suiéides, now rank above diarrhoeal
diseases as. leading causcs’f?igure‘7-2). In 1976, anaemia
and malnutrician ranked fourth and malignancies, fifth,
Botwnnu{SO and 40 percent of all cancers were of the buccal
cavity, and the next most common site was thae buccal mucosa,
indicating a ﬁroblblo relationship between betel chewing and
cancer and a relative lack of industrially-roiated cancers,



Priorisx Diseases

During a Country Hezlth Programming effort in 1978,
the Ministry of Health used both objective and subjective cri-
teria to rank 36 diseases and conditions by priority scoring,
In a later proposal to provide health services to the Mahaweli
development areas, the Hinistf; identified the highesf ten di-
seases in the priority scoring as warranting primary cancern.:

1, Malaria

2, Gastro enteritis

3. Accidents, poisoning, and violence

4, Bacillary dysentary and amoebiasis

5. Anaemia -

6. Avitaminosis and other nuttigionai deficiencies

7.. Tuberculosis in all forms

8.. Typhoid

9. Respiratory diseasas .

10, Venereal diseases

For purposes of analyzing specific potential disease
proble:s related to a program which will involve large qunnti-
ties of water for irrigation and domestic use, the major water~
related diseases can be classified into two categories: water-
borne or water-washed infections and water-related insect
vector diseases, The list of diseases covered in the following
sections is not comprehensive, mainly because the difficulties
" of diagnosis, weakness of the disease reporting system and the
lack of available data on the appearance of certain diseases
in Sri. Lanka makes their presence only conjectura.

Water=Borne and Water-Washed Infections

Cholérl‘ = In 1974, 4556 cases and 333 deaths were
attributed to cholera in Sri Lanka with a focus of the disease
in the lower Mahaweli Vailcy, Anuradhapura, and slightly northe
ward, Reported cases declined to 726 in 1976, but the disease
remains endemic,

.
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Cholera is a serious intestinal disease characterized
by sudden and acute diarrhes, ‘vohiting, rapid 'dehydraation, and
circulatory collapse, Death riay occur within a few hours of
onseti and the fatality rate in untreated cases may be 50 per-
cent; but appropriate treatment can lower the fatality rate

to below one percent,

Cholera is transmitted‘by the ingestion of water
contaminated with feces, or vomitus of patients or, to a
lesser extent, food contaminatad by unclean water,. The most
effective control of the disease 1s.thtough'the adequate treat=-

ment of domestic water supplies.

Typhoid Fever = In 1975, hospital records regise
tered 10,656 cases of typhoid fever in Sri Lanka, and a signi-
ficant proportion of "Pyrexias of Unknown Origin" are assumed
to be undiagnosed typhoid fever. The largest number of cases
was reported from Colombo, followed by the Kandy area, The
3$du1ia Health Division also reported a large number of cases,

_ Typhoid fever is an infectious disease characterized
by continued fever,. headaches, either ‘constipation or diarrhea
lymptoid swelling, and other systemic symptoms, The fatality
rate of about ten percent can be reduced to two or three per-

ceat or:iess by appropriate treatment,

The disease is transmitted by water or food conta-
minated by the urina or feces of a patient or carrier, Control
measures include the protection and treatment of public water
supplias, sanitary disposal of human excreta, fly control,
and othcr sanitltion practices. '

Paratyphoid Fever = Pnratyphoid faver is not distia~"
autshed from typhoid fever in Sri Lankan health' statistics.

This disctsc is characterized by continued faver, spleen enlarge-

mant, wsually diarsingd sud enlarged [ymphoid tissues. It is
transmitted by water or food contaminated by urine, faces or from
a carrier,



Bacillary Dysentary - In 1975, hospital records
registarad 2,135 cases, which is assumed to be a small proportion
of acnhal cases. In an earlier survey of 333 children in Sri
Lanka, 211 were found to be dehydrated; and about 12 perceat of

these were found to have the shigellae enterophathogen of
bacillary dysentary (van Zul, 1966),

This is an acute bactégial disease orimarily involving
the large intestines and cha-acterized by diarthea, accampanied
by fever and often vomiting and cramps., It can be fatal, Two~-
thirds of the cases and most of the deaths are in children

under ten years of age.

Water Related Vector Diseases

In the succeeding sections, Afsmazzs transaitied oy
various intermediate hest organisms (mostly by mosquits bites)
which have an aquatic 1lifa history phase are discussed, Heavy
emphasis is accorded malaria, since thfs disease is a predomi~

nant one throughout the countrs,

Malaria

Etiologr - In 5zi Lanka, malaria ccnsists mainly of
Ztiology y

twc fomms: 2lasmodium falcipcrum or zaligrnant tertian malaria
and Plasmodium vivax ot berlgn tectian maidria, The falciparum
form can produce fever, chills and swaating, headache, coagu-

lation defects, shock, renal failura, and coma. Alout ten per-
cent of ths cases among untreated childran and nonimnune adults
are fatal, and death can occur within several days. Fortunately,
this form of malaria is less common than vivax, ‘which has many
of the same symptoms as falciparum but to a less sever degrae.
Death is rare in the latter fomm except among young childzen

or in-cases complicated by other diseases.

~3
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Malaria is transmitted by female anopheline moéquitoes,
which must first ingest human blood containing gametocytes of
. the mnlaria parasite. Sporozoites which develop after eight to
ten days within the mosquito may thereafter be injected into
"any other human' host where patent infection develops in about

two weeks,

Malaria Control Prior to Residual Insecticides
Malaria epicdemics have devastated Sri Lanka for centuries, appa-
rently contributing to the collapse of the ancient civilization

focusing upon Anuradhapura and Polonnaruwa’ (Briercliffe, 1935)
River diversion projects created by these societies may have
redistributed water in ways that favored breeding of Anopheles
mosquitoes, Numerous epidemics have been recorded since 1858,
when systematic records began to be maintained, Outbreaks were
experienced each decade, The epidemic of 1935 was of such
extraordinary magnitude that it elicited international atten-—
tion. The episode was attributed to abnommally scanty rainfall
which caused the major rivers to cease flowing and to' form
puddles in their beds. :

Comprehensive control measures were instituted, '
largely aimed at Anopheies breecins in puddied river beds, At
the height of the campaign, oil was applied weekly to 275 miles

"of rivers and streams, includihg portions of the Mahaweli Ganga
and Maha Oya, The value of this treatment was questioned since

“the secondary rise of malaria ,.... was greatar near the stretches

of the Maha Oya which had been carefully oiled ,¢¢ee.. than in
any other part of the epidemic area" (Diercliffe, 1935).
Massive quantitias of quinine were issuad amounting to about
13 milliom tzedtmznt-days supply, but the objective was solely

‘v,

curativc.

Control Rased on Residual Insecticides = With the
World War II developmant of chemical insecticides having resi-
dual persistence, hopes rose that malaria could be eradicated,
New epicdemics followed each campaign until the Anopheles




became resistant to DDT, the least expensive and most persistent
of the available insecticides. A similar pattern occurred else-
vhere in Asia, Among major classes of chemical insecticides,
cnly ozganophosphates, e.g., malathion, and the carbamates remain.
Neither group can be expected to be as_ efficient because of low
residual activity,

The. first national malaria control prugram was plane
ned in 1945- and by the end of 1946, DDT was being applied
natiouwide as a residual insecticide. The objective was to
apply DDT to every house in malarious areas every six weeks at
a rate of onme gram per square meter, By 1950, - 585,000 houses
wera being routinely sprayed with five percent DDT egulsion
" or lindane suspension every eight weeks, During the next few
years, DDT, BHC or dieldrin suspensions were applied at three
month intervals. The program appeared to be a success and,
starting in 1951, regular spraying was suspended, - By 1954,
all routine spraying had ceased; onmly temporary or new habitations
were sprayed, Spray teams were converted in 1955 to surveile
lance units stationed at 56 of the 256 medical institutions.

around the country,

A sharp increase in diagnosed malaria infections
followed in 1956, The country was then divided into endemic
ahd’spidemic zonei; and in 1957, DDT sﬁfaying was resumed
whera infection appeared to be endemic. By 1958, omly 1037
malaria infections were idagnosed among 63,866 hospital ad=
missions,” :

Y,

The apparent success encouraged Sri Lanka in 1958 to

_adopt a formal eradization program, All habitations.in. the.
endemic zone wnrc treated with DDT suspensions at the rate

of 0.5 = 1- g/m and this continued imtil Mey 1963, Malaria
seemed to have disappearaed, permitting the program to enter

a bric!'pcriod of condolidation.. Only 17 cases of malaria.
were diagnoald that year, and eight of thesc.waru considcrad
to be imported from the Maldivaes,
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. Again, local outbreaka were scon racognized and, by
the end of June, the country had reverted to a modified attack
phase of eradication, The:problem appeared to focus in jungle
regions, and the strategy was to protect human communities in
contact with jungla. Houses within jungle clearings and thosae
within one-half mile of. the jungle were sprayed, Houses in
demonstrated foci tecezved two grams DDT/mz. Passive case
detectiou, based on’ féver patients attending hospitals, pro-
vided the maiu.survillance mechanism,

“This pattern of epidemiolbgitai'intelligence losas.
effectiveness at a distance from major towns, "becoming praéti-
cally absent in the remote areas, This makes a special casa,..
for a complementary sarvice tp.scteen effectively the residents
of rural areas, particularly those in remote~jﬁnglé or newly
opened areas, by domicilary visits for active case=detaction"
(Rao et al, 1964). 1In stite of continued transmission, sbray-
ing was to have been totally withdrawn during 1964, fBut, because
indigencus infections continued to appear, the modifiad attack

phase continued,.

. Between 1964 and 1968, public health workers tended
to {jaore the malaria problem, Apparently, however, tha stta-'
tegy -of "barrier spraying" was sufficiently informal that,
significant endemic foci remained unrecognized and untreatad..

_ By late 1967, the existenca of a new P.. vivax epidemic
. had become evident, and by January of 1968, thers was little
doubt that the epidemic had major proportions, The main

focus of'iuthctiqn centered in the North-Central region of '

Sri Lanka in Matale, Polonnaruwa and Anuradhapura districts.

A second focus.lay in the South-East, in Monersgals and Ham=
bantota dlstricts.. - ‘These were tha loci of tha 1906, 1912

and 1935 epidemics, and maximum prtvalenca of all four spie-
sodes occurred in the months of January and Pebruary. The

1967 epidemic was unidua in Sri Lanka and in the tropics



-

generally because of the predominant role of P.vivax. The
relative scarcity of P.falciparum has not been explained, 1In
any case, attributed deaths were 'rare due to widespread availa=-

bility of drugs.

The ‘satisfactory explanation of the initial cause
of the 1967 epidemic has not yet been documented. Excess raine-
fall was recorded nationwide in October  through December of 1967,
 and deficit rainfall occurred in January and February of 1968
(Ray et al., 1968). The spidemic started during the period of
excess rainfall and .this tends.to negate- the concapt that epi=
- demic malaria in Sri Lanka is exclusively caused by drought,

- However, it may be that river levels variad independantly of

the natiomwide pattern of precipitation. The notable deficit
in rainfall early in 1968 probably magnified and prclongnd the
epidemic. In additiom, the widely publicized discovery of a
large gem near Elahera resulted in transient migratioo of men
to- that jungle regiocnm, and this-may have helped to spread in-
fection throughout the island. ! '

-

Sri Lanka returned to an intensified attack phase of

~ eradication following a WHO evaluation in 1968, More than ten

f;mes-the amount of DDT was applied during each of the years

1968 through 1970 than was applied in the year before the epi-
demic (1966), Surveillance by passive case de‘action was in-
finsified'after‘the program was implemented in November of

1968. This program failed,  Frevalence of malaria ‘seasomally:
attained higher levels in 1968-1969 than in 1967-1968, and peaked
to even higher levels in 1969-1970,. Resistance had destroyed

the usafulness of DDT against A. culcificacies, Limited quantie
ties of malathion were sprayad beginning in 1970,

.~

During the perfod 1971 to 1975, the country suffered
another massive increasa in malaria transmission, and the era=-
dication program was resumed, Massive applicatiors of DDT cone
tinuad until 1976 in spite of increasing evidence of the in=-
effactivensss of this pesticide. Malathion, which had been

\
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applied in limited quantities since 1970, was adopted as tha
principal insecticide in March of 1975, Satisfactory results
stinulated additional coverage by Septembaer of 1975 and further
exteésion in November of 1976, This pattern of progressively
increased malathion:coverage continues to this day and the re-
cardeddprevalence of malaria has correspondingly declined.
These results encouraged a malaria assessment team
convened during 10 = 28 PFebruary 1976 to:reccrmend "an intane
sive mnlaria control programme as soon. as possitle," Malathionm,
as well as® fénitrcthion, would be banned fnr any nonhealth- use,
Recent observations om A. albimanus in El Salvador indicated
development of resistance from agricultural usae of pesticide
selected for malaria control, Such use was percieved as a
potential threat to malaria control in Sri Lanka, The use of
anti-malarial drugs was also seen as an important adjunct to

'the progran, ,

Current Contrcl Pfogram = By Novembter of 1976 the
govermment of Sri Lanka USAID ‘the British and MNetherlands
.governments had each signified basic agreement for launching
an intensive malaria control program based on these precepts, -

A new operational plan was drafted and then. inplementad in

August, 1977

The basic: objective of the new "Intensive Malaria
Control Programme' wan:tq eradicate P.falciparum and to reduce
the prevalence of P.vivax to an acceptably low lavael which
would, thereafter, be sustained. This objective was to be
accomplished in five years and would reqnire that all houses
in malarious parts:of Sri Laoka be sprayed four times during
aach of the first two years, It .was nntieipated that spray=-
ing during 1979 would be reduced to two cycles in certain
regions and progressivaely eliminated by 1981. The criteria
for withdrawal would depend mainly upon parasitological
assessmant including both passive (PCD) and active (ACD)
case detection. PaSsive case detaction involved all faver

7 =10



patients reporting to each of 235 clinics or hospitals.

Active case daetection focuses on nslsrious regions isolated

frem these "indicatory institutions”, One ACD agent tecomes
assigned to each 4,000 to 10 000 people and each house is visi- .
ted monthly. In order to make thelr services acceptable to the .

population, ACD agents now distribute anti-malarial drugs.

The plan includes reduction of mortality and morbi=-
dity by a five-day course of chloroquin or:amodiaquin therapy
offered to all persomns found'infected with malaria. Primaquin
- will be administered solely in hospitals. In practice, tablets
‘suffictent for the five-day freatment are now freely distributed

to suspected cases. Supplies are provided to community leeders
in tsolated settlements and to"loc;l.apothecaries. In the
Mahaweli Region, some 60 - 70 such. "volunteer centres" have o
been supplied with dilgs. During 1978, 20,096,031 anti-malarial
tablets were distributed by the government. About 12 million

" people reside in mslarious regions of Sri Lanka,

Habitat Preferences of Vectors = ogheles

culicifacies has long been recognized as an important vector
of malaria in Sri Lanka (Sivalingam, 1960) "The optimum
breeding place for this species is a (sandy) stream running
over flat country (and which is) almost empty (due to) drought.,
The water must be clear,... (and) there must be a-portion......
on which sunlight plays for a good number of hours ..... Very
small collections of water in the sand aro much favoured; foot
or hoof marks are frequently full of larva@ ..... provided they
are in the sun., It is useless to look for A. culicifacies,
except in sumny places’ (Clemesha, 1934), This breeding

habit correlates with the riverine distribution of epidemic
malaria in Sri Lanka and with maximm transmission following
drought..

' Recently, persomnel of the Anti-Malaria Campaigus,
confirmed that in Sri Lanka A. culicifecies do not cxploit
psddy fields, 0f 1084 larval Anogheles spp. collected in

7=-11



such sites, only 107 were A. culicifacies. Of these, 88 ware
" taken from an exposed pit in one fallow fleld.(Wickramnsinghe;
unputlished), This confirms that in Sri Lanka A. culicifacies

failg'to exploit rice irrigatfon. Larvaa of nine other
“Anopheles specie: may be more abundant in such locations.
Newly cut trencles and borrow=pits provide additional breed=-
ing sites for A.. culicifacies (Carter, 1930), as does seepage

‘from irrigation structures..

Vector Identification « About 20 Anopheles species
‘are extant im Srl Lanka. Anecdotal evidence supports the clas-
sical concept that A. culicifacies is the sole local vector;
each outbreak of disease may be explained by the proximity of
potential breeding sites. A. culicifacies is the main specias
collected around human habitations and Anopheles biting man
indoors are almost iavariably of this species. However, man=
biting collections seldom yield more than ten speciments of
this species per night.. Generally, biting specimens are
collected only-once in several nights. Females of this spe~

cies seem to be strongly endophillic, resting in houses bet-

ween blood meals.

Two points of evidence support this conjecture:

= Gravid and semi-gravid females are abundant in
unsprayed houses (Table 7 = 1)..

= .Females that fad out-of=-doors on.animals are com=-
monly collected indoors (Table 7=2), A. subpictus
'1s the only other Anopheles that is commounly
collected in houses but ‘famalas of this species .,
rarely contain buman blood, ;nd rarely are
taken in biting catches, Thus, of potential
vectors only A. culicifacies in Sri Lanka appcnzs .

to. have fraquent contact with man,

. Vector. Effectiveness - Another form of avidaence
indicates that in Sri Lanka A. culicifacies is an unusually
effactive vecto: of malaria, The incubation period of

7=12
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iasmodium sp. in the vactor (ext%insic incubation) is about
eight days. Thus, a potential vector must liva for at least
ten days before it may trausmit. The mean expectation of life

of Indien A. culicifacies is estimated at only 2.5 deys, re-

quiring huge populations Leiore the $pecies can transmit, In
contrast, estim&tes based upon parcus-rate of Sri Lanka A,
culicifacies suggest that the corrasponding longevity of
certain local populations may abproach 18 days, - This would
suggest that Sri Laﬁka A. culicifacies is an extraordinary

dangerous vector, rivaling the nctorious A, gambase of Africa

in vectorial capacity,

D

Another factor tends to decrease the capacity of

Sri Lankan A, culicifacies as a vector of malaria, Since the

species is not_highly anthropaphillic, About one-half blood=~
fad specxnens col acted ip human hahitatipns con;ain non-

-v—-—A—'.
human lood Presu.ably, human hosts were at least as avail=

- ———————

able as non~human,

Taken together, these observaticns suggest that
malaria tra“smissio1 in Sri Lanka is highly doniczllla'y.

Altkough, A, culic1facies breeds mainly in river bottoms,

ccults of the species reside close to man., This presents a .
paradox beccuse it has,been well established that men are much
_more commonly infected with malaria than are women (Table 7=3).
The male to female infectzon ratio is. about 1,5 to 1, Since
men in Sri Lanka have more contact with jungle than do women

a nondomicilliary cycle is suspect,

A possible jungle vector of malaria in Sri Lanka 1is
Anopheles elepans, a Leucorphyrus species allied to A,
balabaceusis,  This latter species is a danperous vector of
chloroquin-fesi;tant malaria is Southeast Asia, Indeed, in
one site in a jungle near Kandy, 83 A. alepans were “cpllected,

Of these, five contained malaria (Nelson et al, 1971).
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sporozoites and ten contained cocysts, These malaria organi-
sms were-'presumed to be Simian parasites because a monkay, in=-
Jec:24 with sporoitas from one of these mosquitoes proved to be
ma;erioueiz However, no evidence was preseanted that the monkey
wﬁi previously non-infected, In fact, t..e monkey was ultima-
tely diagnosed.ee having a mixed infection with P, shortti,

P. frazile and another unidentified blzod pateeite. That one
mosquito might transmit three parasites is most unusual.

This Anopheles species should be reexamined as a vector of
human malaria.

Suscegtibilitz of Vector Mosquitoes to Insecticides =

DDT seemed highly effective as an ipsecticide against A.
culicifacies during the 1950s, and no suggestion of impending
ineffectiveness was recorded until 16 years after its initial
use in Sri Lanka. Then, the first standardized "discriminating
dose" insecticide susceptibility tests were applied, but a
system of regular testing was not instituted until 1968,

- In the first te;otded test, two of the five locali-
ties sampled contained a few A. culicifacies that did not die,
and similar results were recorded in 1966 (Table 7=4), DDT
continued in use throughout tiae 19603 \and'raﬁL )

. resistance problems began to be evident by 1968, The effectie
veness of INT had declined marked-by the time of the epidemic’
of.1967 = 1568; and, by the next year, high levels of resis-
tance were widespread, E

Unfortunately, DDT continued in use until 1976 in’
spite of overwhelming evidence that selective pressure was
driving A. culicifacies toward the resistant stage. No evi-
dence of reversiom to the susceptible stage had been derived
'cven.in.1978,.two‘years aftar use of DDT had ceased.

Discriminattng dose techniqucs of insecticide test-
ing were applied to A. culicifacies using other potential
public health insecticides.. These included malathion,
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fenitrothion, and dialirit (Tatle 7»5)." Each of these toxicants in 1975,
killed all mosquitoes tested at the time and dose schedules

adortad, 3By 1979, malathion had Been used in Sri Lanka for

eight years, the last three years involving extensive appli-

cations of more than a million pounds (1able 7=6), Malathion,

thus, appears to remain useful in the anti-malaria campaign.

- 1f Malathion is applied four times a year, treated

~ walls should remaiu highly toxic to’ mosquitoes for at least
three months., However, malathion spray does not render walls
sufficiently toxic (Table 7-7). Even within the first 30 days

. after applicatiom, about one=-quarter of such bioassay mosquitoes

..

escape death.

In the event that malathion resistant A, culcifacies

are discovered in a particular portion of Sri Lanka, the

malaria control program hopes to locally eliminate the resistant
population using fenitrathion intensively applied to all local
human habitations., Experience with oiher Anopheles species in
"Brazil, Egypt and Sardinia provide optimism that such an era-
dication campaign is practical. All authorities do not share
this optimism, At enormous expense, a DDT susceptible species
wes cimost eradicated from a sharply demarcatec region in
Sardinia. However, a different species nopulation was highly
dcmestic and had only recently become established. Further-
more,. experience with malathion-resistant A, culicifacies in
India indicate cross-rasistance with fenitrothion (Herath,
1979),. If the two insecticides are "pesitivaly correlated’

in Sri Lankan A. culicifacfes, fenithrothion would be in-
effective for this purpose. .

Filariasis

Eégcroftian Filariagis « pBancroftian filariasis

caused by the worm Kuchereria bancrofti, is endemic in the
south-western coastal strip of Sri.lanka between Negambo and
Matara. This is the most denmsely populated part of the
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*country, containing Colombo and its suburbs,  Present popula-
tion of this fngion numbers about 2.5 million people with a

ten percent microfilaria rate (Table 7-8). Of 589 filarlasis
patiénts in Dehiwela Clinic in 1975, more tham 500 had swollen

arms or legs and 21 had frank elephantiasis, Fever and lymph-'

angitis were common, Transmission of the W, bancrofti wora
has a13u been reported away from the coastal belt on the
Peraden:.ya University campus near Kandy (Wijetunge, 1967),
The worms all transmitted through mosquitoes bites’ gf Culex
pipiens quinquefasciatus.

Large populatiocns of C. p. guinquefasciatus must be

present before W. bancrofti can become endemic. In Calcutta,
mcre than 315 bites per persom per night were recorded when
the microfilaria rate was betwzen 12 and 14 percent (Gubler
and Bhattacharya 1974). In Peliyagoda, near Colombo, 54 .
C. ps quinquefasciatus bites/man/night were recorded

(Samarawickrema, 1967). Such dense vector populations ra~
quire large; relatively stable bodies of water heavily '
charged with o;.'ganic matter, Cesspits, blocked drainage
ditches, catch basins and husk soakpits are most fraquently
associ_ated with sﬁch mosquito populations,

Cud;:;t.iy, there is no effective program to raduca
transmission of W. bancrofti in Sri I.anka However, an ex-
tensive program of active case detection is now inm place in
the endemic regiom, However, current methods permit recoge-
nition of only about 1/10 of the microfilaria carriers resi-
ding in endemic regim. When identified, infected persons
are provided diethylcarbamazine theraphy. The .program helps
to prevent extreme manifestations of filarial disease by
. 1dentifying and treating some of the ‘most heavily microfil~
. a aremic residents ol ‘the coastal belt.

Brugian f:llaﬁ.aa:ls - ﬁrug:lan filariasis was once

acattereF {n discrete foci over much of Sri Lanka (Abdulcader,
1967). The worm, Brugis malayi, was transmitted mainly by
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Mansonia spp. mosquitoes closaely associated with tanks ‘cone
- taining water—-lettuce, Pistia stratioides. Larvae and pupae
attach to submerged portions of this planf: from which they
obtain air, - A-total of 21 foci of this infection were iden=-
tified, and each was successfully resolved by selactive

" destruction of Pistia using the herbicide Phenoxylene 30,
Recognizgd hv.can infections were treated with diethylcarba=-
mazine. The infecticn appears to have been eradicated. from
Sti Lanka,. )

Dengue Fever and Hemorrhagic Fever -~

Dangue virus of at least two serotypes is prevalant
throughout Sri Lanka (Hermon and Anandarajah, 1972), Antie
body to Groups B togavirus, which includes dengue, was pre-
sent in almost half of the general population during 1966
and 1976.(T, Vitdrana, MRI, unpublished), While residents
of Colombo city appeared to be most at risk, the disease is-
generally distributed throughout“the norther_n dry, wet, and

intermediate zones.

Dengue fever is rarely fatal, and infectio;: by each
of 't.‘ze four serotypes confers life-long immunity against that
strain of virus., An episode of dengue fever is highly debi-
litatings but the patient recovers withiy one week and with=
out subsequent complications, Thus, uncomplicatad dengue
fever does not greatly effect the ecomomy of an indigenous
population., Transient persoms, on the other hand may suffer
greatly during their visit, and this conceras the tourist
industry.

Hemorthagic fever syndrome (DHF) occasionally complie
cates dengue. fever such that the life of the patient is at '
risk. In Sri Lanka, a total of 69 episodes of DHF have been -
recorded since 1965, of which 15 resulted in death, Factors
pndiﬁpoling to DHF remain controversial (Maheiwara_n et al,
1976), and it may be that the syndrome is more common than is

-

now realized,
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Dengue fever transmitted by Aedes aegypti and A,
albopictus mosquitoes snd ac additional jusgle. cycle has baen
sug-'-j_ested for Malaysia, 'I}'.l Sri Lanka, Aedes acgypti seems to
be the main vector, and the chief breeding site is water re-
tained in disused sutomobile tires, particularly when stored
under trees, Im Colombo, disused tires. comprised 50 percent
of breeding sites of this species (Gubter, 1979), Additional
sites included discarded food containers, coconut husks, etc,

Encephali tis

Japanese B encephalitis (JE) i{s an enzootic,; mosquito=

* . borne, viral disease enzootic in much of Asia, particularly

where pigs are abundant, Hundreds of asymtomatic cases generally
occur for each patient experiencing encephalitis, However, the
disease is severe, About a third of patients die while others
‘retain delibilitating neurologicai sequeliaa..

: - An epidemic of JE was reported from Kurumegala in

1971, There ﬁare; 76 assumed cases of which only ten survived
" (Vitarana, personal commnication). Serum surveys indicated
that the virus is present along tha coast 30 miles south and
45 miles north of Colombo, Pigs are reared in this regiom..
Epidemics of this disease can be devasting, For exsmple, an
" sutbrask in Uttar Pradesh, India in 1978 is said to have

‘ caused 448 deaths (MMWR, 1978), The Sri Lankan vector is
unknown,. but Culex tritaeniorhynchus is present and this is
& plonser vector on the Asian mainland,

" Other Hosg._xit:o-Borne Viruses

Chihmgunya virus is a group A togavirus that pro-~
duces a deague-like disease in man. Like dengue, it is trans-
mitted by A, segypti, and is known to cause epidemics mainly
in the south-western coastal belt of Sri lanka, Epidemics
have been recorded in 1965 (Mendis, 1967) and (Mumasinghe,
22’ 1966), At about this time, 10,6 percent of the
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general population g;rculated antibody against group A viruses
('Ve_senjaknﬂirjan at “a_].', 1965). Interestingly, the. highest rates
‘gera.te;p'otted from Trincomalee (33%) and this suggests that
other group B virusas may. be present in t:he. Mahaweli delta.

The list of zoonotic togaviruses that may affect residents of
ngw].y cleared jungle is extensive,

Scrub mm:

Scrub typhus (tsutsugamushi) is a rickettsial diseasa
transmitted by larval chigger mites, It is zoonmotic in small
rodents and typically affects perscns in' newly cleared jungle
or residing-at the jungle edge, One notable Sri Lanka epid_em:lc

. affected numbers of a British army division manoceuvering, in

1943, in the southern part of the island (Kalrz, 19547), After
four days in the jungle, 756 persons became ill with 85 percent
having primary lesions, The disease had previously been recog-
nized in Sri Lanka, leptotrombidium deliense is considered

to be the local vecior (Lewls and Rillick-Kendrick, 1973), but
(ﬁadfoi-d,. 1946), in a more recent list of ectoparasitic
arthropods of Sti Lanka fails to list any chiggers taken from .

man (Senadhira, 1965).

At present, Sri Lanka lacks ability to diagnose rick~
ettsial diseases (including Q fever). Considering the magnitude
of the mortality category "pyté:d.a of unknown o'igi;",“lbca-l -
rickettsial expert:lse. should be encouraged, Scrub typhus, as
well aj one or another ¢f . tha tick=borne typhus 1nfnctions;
may well pose an important health hazard to man in- the region
now being cleared of jungle by the Mahaweli Project. . 'Hyper~

" endemic foci (of scrub typhus) appear to have been encouraged

more than anything. else by man's use of the land".(Andy,_ 1967).

Sand flyQBorne Disease

Kala azar (Visceral leishmaniasis) a severe chronic
disease of mon, is enzootic in dogs in India, Infection is
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transmitted in southern and eastern India by sandflies, miiniy
Phlebotomus argentipes and this vector species has been reportaed
frow Sri Lanka (Lewls and Rillick-Rendrick, '1973). However, no
leishmanial infection has definitely been recognized in Sri
Lanka, 'One case report of kala asar in an English girl who had
1lived in Sri Lenka suggests that the disease may be present in

' the countxy (Chapman, 1973), However, the girl may have acquited
‘ 1nfect:l.on while travelling elsewhere,. '

_in any case, Asian leishmagiqsis differs from that of
Affican or the Americaa in that it 1s zoomotic in the village
rather than in some sylvan or other feral focus.

Bed-Bugs

' Bad=bugs are effectively controlled by applications
of residual insecticides so residents of houses sprayed for
control of malaria rapidly benefit. Village interviews and
discussions with the persoﬁnel of the Anti-Malaria Campaign
indicate that the freedom from bed=bugs is invariably appre=-
ciated by local residents, thereby increasing their recepti~
vity to spréying campaigns, In ma&y cases thé odor associated
with Malathion appears tolerated solely because of bed=bug
control while freedom from malaria is less easily appreciated.

In Sri Lanka, as in many parts of the world, bed-

. bugs soon became resistant to DDT and there is now anecdotal
avidence that they are bccoming resistant to malathion,
Public Health Inspectors in Trincomalee and Anuradhapura
Districts have recently reported to the Anti-Malaria Campaign
that local residents have been to refuse spraying because
of;béd-bug.qnnoyancc in sprayed houses. The inspectors con-
sidered this to be an important impediment to adequate
malathion coverage of village. ' ’

Several villages in both affected regions were
visited in order to evaluate this complaint, Houses in
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both localities apparently ﬁell.sprsyeq'ware heavilf infested
with bed=bugs. Liviag hugs were abundsnttin cracks in walls
that were heavily coated by spray applied one month earlier.

. This apparent problem was widespread. ‘and peopIe'had begun.to -
effectively remove malathion spray from ‘alls of houses as soon
as it wvas. apglled. In reply to auestions as to their motives

' in removing this spray, they cited (1) possible toxic effects
of the spray on ‘'small children- (2) the unsightly and odorous
nature of the spray, and (3) an apparent {ricrease in bed=bug
annoyance beginning about ‘two weeks after esch‘house had been

" sprayed. They believed that.the.spray aggravated the problem,

This evidence of resistance is conjectural and must
be confirmed by laboratory study

. Several villages were visited to the southlof
Anuradhapura.and Trincomalee and residents were questioned
about their reactionms. to bed-bugs. Residents of a village
near Kalawewa felt that the insecticzde spray had _Tecently
been changed because bed=bugs had begun to return. They
suggested that the spray even smelled differently. In con=-
trsst villagers near Miripitiya and Elahera stated that bed=
bugs were uo longer a problem.

1f bed-bugs reszstance to malathion exists, it will
spread and intensify if the prasent spray pattern continues.
The effect, therefore, will be to reduce the effeetiveness

- of the. spray campaign,

Schistosomiasis'(Bilharzias{s)

, éehlstosomiasis.ls not. a disezse currently found in
Sri Lanka, but {t is a serious illness frequentlp;essoeiated
with large irrigatioun prnjeets in- Asia,. Africa, Middle East,
and Latin America.
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.'.l'here ar't four agents of schistosowtasiss Schistosoma

mensoni, §. haematobium, S. jasponicum, end §. fntercalatum, 3.
mansmi occurs in Africa, the Arabian peninsula and Latin America.
s. haematobium occurs in "Africa, the Middle East aud several small
.foei in .Indis. = S, 1z_ugoniwm occurs im Asia, including the Phie
lippines, Thailaud and China, S. intercalatum is only found in
parts of-West Af:ica.. Transmission of &ll of these agents de~
peunds upoﬁ ‘the release of eggs into water by the arine or feces

of a mammalian 'body. :rhe eggs hatch in t.he water, and the liber=
ated 1arvae must then find a suitable freshwal:e: snail host, the
' Spec:les ‘of sna:l.J. varying with the speciﬁ.c agent. Free-swiming
larvae emerge from the snail after several weeks, and only.them
can they penetrate human skin and perpemate the infection,.

Government Hospitals

- As-in any developed health=care systenm, Sri Lanka
' has- a hierarchical hospital structure, including 351 dispensa=
ries, 84 rural hospitals, 110 distzict hospitals, nine provin= -
cial hospitals, and a network of specialized 1nst1tut:lon's,, such
as. tnbe:wlosis, leprosy, and mental hospitals, Health care,
:I.nclucxing drugs, is free; and persounel standards are compara~
. tively high. for the econocmic status of the country. The sys=
tem, however, has become increasingly overextended as facili~
ties have expanded to meat demand while, simultaneously,
healthecare. persomnel == especially physicians == have migra=~
ted: abroad’ to countries offering higher salaries. The movement .
to the Middle East has become particularly widespresd, and the
 exodus. of physicisns over the past five years has reported
equalled or exceeded the mumber of new physictans being gra=
duated from the educatiomal institutions of Sri Lanka. In
sddition to limiting the quality of availsble heslth care,
this situation has teportadly reduced the patience of remain=
ing physicians with the completion of forms used iu the compila=
tion of statistics, Free drugs, on the other hand, "has meant
that drugs can be prescribed without the constraint of cost so
patients can accumulate drugs for use when illunesses reoccur,
thus reducing visits to bospitals and r.‘hc need to report "he
more frequently occurring diseases.
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IMPACT ANALYSIS-

Healtls Perspective

In-broad health terms, the "state of well=being" cau
. be expected to improve., If the Project 'i{s completed as descri~
bed, agricultural production‘will rise, incomes will increase,
nutricion can improve, and an Impetus will be provided for.
coping with the myriad sociceconcmic problems of under develop=
_ment,. In a narrower sense, however, some precoanditiomns for
disease will be increased. A large,’ heterogeneous population
will be assembled, bringing together human carriers for numerous
-infectious tropical diseases, Physical and social conditions
will be unsettled, resulting in improvisation and high health
r:lsks.. Populations will be exposed to previously isolated .
disease factors now existing in the scmb}_ung,le.

Superimposed on the imported and existing infectious
diseases will be the hazards to health pose:d-' by contemporary
industrial agriculture. People-will receive an increased ex=
posure. to chemical pesticides, and mnoff- from agricultural
lands will carry nutrients from the chemical fertilizers.
Transportation facilities and industries linked to agriculture,
such as processing ialauts, will involve occupational diseases
and potentially hazardous euvironmental conditioms.

Projections from SystemH = Spread of Water=Borme Diseases

Introduction e~ Ouly one irrigated settlemmst area,
System H, has been developed and settled under the direction
of the Mahaweli Development Board. For this study, evidcace
of the health status of settlers in this area was obtained
from two sources, personal obseﬁéﬂm and interviews by the
study team and analysis of statistical reports:



Percy Silva, Jayathi ,Perez:a, and W.N, Wilsen,
Mahawell Settlement area H Socio~economic Survey =-
Yala 1977/Maha 1977-1578: Statistical Abstract
{Colombos National Science Council, 1977=-1978)

. ‘The value of the latter was enhanced by a tour. of
- the study area provided by Dr, Silva and some of his staff,

Village Health « From a total health viewpoint,
the settlers can be described as rapidly dispetsing along an
extended socio=-dconomic continuum, but the. grow-!.ng se:tler
is marginally productive, appears malnouxrished, is poorly
housed, lacks safe water supplies or sanitary facilities,
and probably. experiences a pattern of diseases equivalent to
the pattern existing before resettlement but with.a higher
risk of epidemic due to higher settlement density, However,
health care appears readily available with modest barriers

of cost... Quality could not be ascertained.but it seems to
te considered satisfactory by the settlers. When asked, a

small number replied that they preferred == funds permitting ==

. the private practitioner to the government facility, because
thay considered the drugs toc be stronger..

.-~ " Dfarrhea . was not among the diseases registared by
Dr, Silva's survey, tut fevers constimted by far the largest
category of ragistend illnesses, ‘rhis was followed by pains .
iu the bone joints, stomach ailments, and chest pd;

Houses are generally temporary structures of wattle
with straw or palm=leaf roofs, Most house holders. reported
obtaining water. from canals, and about 12 to l4 percent of
the settlers succumded. to the convenience of building their
shelters by their paddy fields, not on their hamlet allotments.
Very few houses had latrine structures, but some had a pit.'
Most had been issued a latrine slad, but they were rarely

installed,
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While limited extensom aud credit services have
been provided to the settlers no advice, assistance or regu-
lati\'-n of any type to assure the new village commuuities a
sui:t:ly of disease~free water was reported;

Market Town = Galwewa is being developed as pri~-
rﬁaxy administrative and commercial center for the new settle-
ment area, The Mahawell Development Board has a field office
here, and marketing, banking, and cooperative sgores have
been established.. A new hospital is. being constructed, and
a éovemen; dispensary 1s operatiug,

A piped water sapply has been .installed." To main=

tain pressure, a water tank has been placed.near the twom
center, Until early August 1979, a tank truck regularly
pumped water from a nearby canal and carried it to refill
the tank in the center of the town. In August, a new town
well went into operation comsisting of a concrete caisson
abcut ten feet in diameter sunk into a marshy aret.n adjacent’
to a drainage canal. Apparently to assure adequate seepage.

iato the well, a ditch had been dug from the canal to the well

The top of the well.was open, and appeared to have collected
refuse although fish were alive in the water, It should be
“‘moted that the adjacent drainage camal, like others in the
area, 1is used for washing pesticide applicator equipmt:,
tractors, for bathing, washing clothes, watering 1'ivest:od‘c',.
providing privacy for defecationm, and a drinking water supply
for many farmers and their families.

The town's government dispensary is now provided
with water from this town well, However, on days when the
pump malfunctions the stored water su;ij:'ly is exhausted, and

the dispensary must close. This type of event was reportedly

not rare, Morale at the dispensary was low partly because
bousing: had not yet been provided for the dispensary's staff,
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Across tﬁe y‘ud'from the dispensary a ndw hospital is
under -construction. For disposal of all wastewater from. the
hospital. a holding tank had been consmcted at one end, ‘l'hc
stated plan is to periodically pump wutedater from the holding
tank into one of tank trucks and t:ansport it for diaposal into,
presumbly, a drainage canal, On the other'hand "1if the tank
“truck did ot arr:lve ‘'at the hospital before the holding tank
bécame filled the’ hospital wastewater == which 1s normally
highly contamiuated with pathogenic and toxic materials ~= would
overflow into a depressicn by the hospital- enttance.

Summsry of System H Health Conditions = Widespread
and seridus contamination of all water supplies serving the
* saettlers of System H appears to exist., Settlers relying upon
irrigation canals are ingesting and immersing {n water that is
presumably heavily cuuataminated with human fecal material, ani-
mal wastes, and high councentrations of chemical pesticides and
various other orgsnic substances.. Because of the projected
handling of hospital wastewater, there may ba direct contami~
nation of this water supply with the concentrations of the most

‘pathogenic organisms that occur io the commnity,

The town of Galwewa is being supplied with water that,
at worst, is ‘the same as above. At best, the filtration effect
of lamiunar seepage of water along the exterior wall of the
caisson wlll filter part of the contamina:ion, such as dysen=
tary amoebl. However, the supply source is also vulnerable to
direct contamination from the open caisson. Settlers digging
wells are exposed to fecal contamination of water supplias
bescause of the unsanitary const:uciion of these wells, parti-
culu.'ly the lack of aprons or parapets, the use of dipping
buckcta, aud open tops. They are also a hazard to the sa.fety
of children, adults, and n:huls.
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The widespread absenca of sanitary facilities, such
as latrines, increases the probability of water=supply coanta=
minetion and exposes the population to various water-borme -
diseases and mumerous infecticms, such as hookworms, associated
with inedequate sanitation. Unless improved sanitary systems
~ and safe potable water sﬁppl:les are provided in the Accelerated
Programme area, it is likely that water-borme disease problems
comparabl.e to those which have arisen :I._n System H, will occur..

.'impacts Related to Malaria

Changes in Mosquito Breeding Habitat = The proposed

development program provides the potential for diverting water
from. the major river basins, thereby reducing flow in the rivc;.r
beda.. If used insensitively, this.could increase potential |
breeding sites for _A_._ wlicifacies.' Seepage from irrigation

. charmels will increase breeding still more.

Open sunclit pools created by such seepage are ‘pre-
seutly found in the Mahawell Project area, and some of the
‘pools are known to contain Anopheles larvae. Related problems
centcer around irrigation channels near Kalawewa, erocded during .
the cyclome of 1978, creating numercus potential breeding sites.

On the other hand, the system of water impoundments |
now being constructed along the Mahawell Ganga, Amban Ganga
and Maduru Oya also presents the opportunity for Tegulating
flow {n these water cmrsea: The Anti=Malaria Campaign toge~ °
' ther with the Mahaweli Project have already conducted an
" important experiment in water=level management. Water is
periodically released from the Polgolla Diversion Dam such
_that the bed of the liahawell Ganga is flushed, Recent.ob=
servations suggest that this fIushing reduces larval A.
culicifacies breeding in the river bed by about one=half for
a distance.oi up to ten miles downstream (Wick:amisinghe, un=
publiahed).' The effect upon biting has not been evaluated,

¢
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Further smdy is required and additional ifnitiatives
should be attemptad. The history of water=level fluctuations
in the Mahaweli should be carafully analyzed and correlatad
with Malaria telated events, It may be that some unexpected
pattern of flow will appear to be significent and this should
be analyzed. Two possible strategies of water~level management
should be considered- stream=bed flushmg or wafet levél sta=

bilizatiom,

Ef fects of the Preseﬂt Control Program = Malaria
ont:rcl in the Mahaweli Project area cmmot be. considezed in
-isolation from that in ‘the rest of Sri Lanka. Ultimntely,
the project will involve porticns- of at least two=thirds of
the country's area. Malaria epidemics in adjacent surrcunding
regions will inevitably affect the project ares.

The. present intensive campaign involves a calculated
risk. Halathion-tesistant-A. culicifacies and chloroquin—
resistant P. falciparum might become eatablished in Sri Lanka
before P. faciparum could be eliminated. from the area and P,
vivax permanently reduced to acceptable levels.. The original
malathion=based control plan called for a time=limited campaign
of intensive insecticide and drug administration, followed
within five years by complete withdrawal of tesidual 3praying
gad routine drug administration, Withdrawal was to.h&vé
begun during 1979, but this goal has not be reached,

Malathion and fenitrothion resistant A. culicifacies
are already present in India, and drug resistat I, falciparum
is. common in Southeast Asia and preseut in Eastern India.
Thesa circumstances {ndicate that resistsnce problems way
spread to Sri Lanka, especlally in view of the massive quane.
tities of agrochemicals now being usaed. '
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Impacts of Malaria = Caused Morbidity = In addition

to the effects of malaria caused mortality, morbidity due to

malaria is an important impediment to ecomomic progress inm Sri..

Lanka, Each time a person suffers a malarial attack, he is
incapacitated for about three or four days, and this may oceur
three or four times each year. Since at least 700,000 people
now suffer this pattern of disease, the gemeral population is
burdened by about ten milliom person=days lost to malaria each
year.' If half of the general population is gainfully employed,

then. about five million person-days of work would be lost each* '’

year. Agricultural workers are a particular risk of econcmic
loss since episcdes of illness may coincide with some critical
period of planting or harvest. '

The impact of malaria on health may also provide
less apparent burdens. These include chromic anemia, immmne
complex nephrosis, and complicaticus of chemotherapy. Thus,
Tetinitis, active dermatitis and spontanecus abortion may be
‘additional chronic clinizal manifestations. These decrease
worker productivity and require expenditure for clinical
le::vices."

Mglaria Impacts in System H « The Tecent sé(:iolo-
gical study in System H of the Mahaweli Development Programme
included an analysis of the behavior of rural people seeking
curative medical services (Silva at al, 1977; 1978).
Farmers were questiocned each week about the health status of
their households and, specifically, regarding self=diagnosed
tna.laria.' These people .cous:ldered malaria to be the most
common disease of their families with an average of about
five spisodes of attack per family per year (Tabla 7=9),

Only about four pereent of the perscns cousidered .to have...—.

malaria reported to the clinic in Kekirawa or to government
malaria control representatives, During 46 of these episodas-—
of malaria, the patient sought curativa care and, of these,
two~thirds (travelling on foot or by bicycle), went no fure
ther than five miles from home (Table 7-10), During a visit
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.tothis region, loca.l. residenta w.re. questioned about thdr
attitude toward mlaria. Several responded that.ready avail=
abi.lity of drugs made further travel unnecessarye. In any
case, they believed that local apothecaries supplied more
potent drugs than did government iustitntions, so cure would

be more tapid.

Sioce r.he start of the present intensive campeign,
consuuption of anti-malarial drugs in Sri Lanka has increased
dtamatically (Table 7-11). At present, the govermnent alone
is supplying a mean "of two tablets pe? yém: for' every resident
of malaricus regions. Much of this drug supply is being
distributed in 4solated commnities by a system of "Volun=
Eeers .. These are school teachers or other ncnmedical com=
mt;ity leaders, who are. not a.sked to report suspected malaria

T e s -
*

cases to the 'govermnent. ' o —————

. * The standa:d non=institutional treatment for malaria
.(proveh or presumed) {n Sri Lanka involves a five=day course
of oral chloroquin or camoquin, and ambulatory patients are
given a supply of the drug sufficient for the entire treat=
ment cnce malaria is diagnosed. Residents of varicus commnie
ties questioned neer Anuradhapura, Polonnaruwa and Trincomalee ‘
stated that pecple :arely took the entirec five=day course..
Aftar two or three days of treatment, symptoms. generally sub=
: a:l.de: The remainder of the drug supply is reserved for pos=
.siblc future need, Thus, malaria is now pe:caived as a minor
'problen. that can be self-diagncsed and is commonly self=
traated. Again, this series o£ evenu is likely to be repeated
' in the Acceleratad Programna area.

Impacts of Other Vectot Diseases

pilariasis. = At present, dua to the inavailability'
of suitable breeding habitat, there seems little opportunity
for msquito-carrying £ilariasis to exploit the Mabaweli Pro-
ject region. In the event that such a population develcped,
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tasincphil:lc lung weuld be em early manifestation of the pre=
sencz of act:ive transmissicn. Stable foci of patient infecw
tion would take decades to ‘develop.

Dengue Fever « Mosquito vectors which transmit the
Dengue virus breed in small pools of stagnant water which are
often formed in automobile tires, discarded containers, coco=
‘ut husk‘s, et:c.: At present, local residents tend to accumue
late used tires near their homes, and huge quantit:les of tires
ere stored outwof=doors around Sri Lanka, Worn tires appear
to be.valued, and.are even trausported by bicycle in- rural
areas.. ‘Tires will contitue to accumlate, especially in.
areas experiencing economic advence. Thus, residence of
Mahawell Programme areas may be exposed to increasing A,
segypti popu-lat:lons: Rainfall is a prerequisite to develop=-
ment of container=breeding mosquitces, and the dry zome may
not be conducive to this problem. Consequently, the potential
for the spread of Dengue fever with the develcpment of” the
proposed project is relatively high.

Chikunpunya Virus, Scrub Typhus snd Bed=Bugs = All
of these d:lseasea may sp:ead with the development of th\p::o_
Ject area. chilmngunya virus is prevalent in nearby Trinco~
malee and scrub typhus often occurs iu newly cleared areas.
Similarly, a spreaed of bed=bugs would be anticipated with the
large number of settlements planned,

_ Schistosomiasis = Schistoscmiasis is not presently
found in Sri Lanka, However, widespread concern exists amcng
suthorities in §ri Lanka. that en infected Sri Lankan migrant
to the middle East cculd return to Mahawell irrigation areas
and contaminate the watar, It is not.clear that a suitable
snail host for either 5: mansoni or S. haematobium exists ia
Sri Lanka'.. There is the further ccncerun that suitable suails
may possibly be imported, for example, in a shipment of fish,
produce, etc. However, eveu if snails suitable for S.
japonicum were brought from elsewhere ia Asis, it is likely
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they would be of the genus Oncomelania; but _S_.' mansoni requiras
the gémus Blomphalaria and S. haematobium, the genus Bulimus.
Consequently, the spread of Schistosomiasis is.not expected

to occur as a result of projepz implementaticn, .

Encephalitis. and Leishmaniasis = The spread of
encephalitis following project 1mplemen£ation can only be

spewlpdve. It is not likely that the project development
would affect transmisesica of leisbmaniasis.

. RECOMMENDED ACTIONS .

General Design

There are no {nhereut and uacontrollable threats to
health posed by the Mahsweli Development Programme plams foz
Systems A-D that caonot be coutrolled by ’judié’ic-a;as planniag,
alert surveillsdce, and rapid responses to initial infectioms,
The proposed project will offer an opportunity to a large popu~
laticn for increasing 1ucomes, raising nut:it::lon, flamcing l
1mprwed health cars, expauding educational opportunities,: “and )
in general enhancing the overall ‘well=being of the populatiom,
which is the essence of health.

There é:a, however, vuloerable aspects to the
Program, A large population from all regions of Sri Lanka will
be assembled as the jungle is cleared. These pecple will
bring some regicnal infecticus and will lack immmity to
others. They will initially live in physically and socially
unsettled conditiou;"iﬁcr;hing health risks. The' threat to
health is further intensified by tha focus of disesses, es-
| pecislly malaria, but including tetamus, typhus, sud gastro=
outc:i'tig disaases, l:.novp-'-r.o be eudemic ia the System areas.
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Specific Problems

From the proposed -laas for Systems ..-D and the
demonsa-.'ated implementation of plans in System H, three
health related issues must be resolved. Failure to cope with.
these will produce large health care costs, cause seriocus
preoduction losses, - and, possibly, prgcipitate um‘ieces;uy

.

economic and social stress.

Water Supply = Statistics and field surveys indie

.o -,

cated that disease attributable to ccntaminated water supplies
are groasly excessive straining the hiealth~care.delivery sys=
tem, suppressing productivity, and decréasing human morale,
Inadequate sanitation measures and substandard housing to a
lesser degree, also represeuts a threat.

" Malaria Control = Investigation of the current

malaria control program in terms of 'its future effectiveness
to control malaria in the Mahawell Progran areas suggestsa

= Malaria incidence is act being reliably regis-
tered by indicator instituticns .md, thua, the
malaria statistics no longer reflect true inci=
dence ' o | '

=~ Signs of probably bed-bug = and, possibly,
mosquito resistance to malathion insecticide
are already appearing. In the sbsence of m
. active moni-totiug pregram to measure it, the

" probability of resistance eorly in Mahaweli
Programme operation mist be assumed,

- Self-diaguosis and immense distril:utian of malaria
drugs raises the possibility of eventual malarial
Tesistancs to dtugs. i :

~ In the absence of sufficient Bastc ecological aud
trasmission knowledge abcut malaria in Sri Lanka,
.a. long=term, efficient and effective malaria cone
trol program to protest the viability of the Maha~
well  Program. camot be designed and implemented.
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Health Care Services = Total health care services

ia Systm H appesar cousistent with the vital needs and econo=
mic resources in the area, particularly if case loads could
be reduced wa perhaps cventually by as wuch as 50 percent ==
by safe water supplies. However, au Yearly-warning' system
for identifying exotic diseases and the monitoring of health=
care facility availability may be necassary, :

. Water &lgglx .

Potable Water Supply = Every séttler, including
those in commercial=-government ceaters, should be assured a.
reliable and safe water supply in place prior to settlement,
Since most settlements will be dispersed over 0,2 hectare lots,
the cost of.piped water ocutside of towns is assumed to be
prohibitive, Numercus small water treatment plants maximize
operational costs and risks. Thus, wells appéar to ba logi=~

cal solution for. most situatious.. .

' In areas where bed tock 43 close to the surface and
shailow wells may become dry in the height of the dry seasom,
the Vater Resources Board apbarently is considering deep wells
penet:atlug the rock zone, &n emormcusly costly solution, in-
stead of a mixed solutdion of a few deep wells (low risk, high
.cost) snd many shallaw walls (h:l..gh. risk, low cost). In areas
with relstively homogenecus, stable clay soils, for example,
commuities could easily be provided with-inexpensive hand
sugers for bored shallow wells, Thus, the oculy caéital cost
would be the well pipe and strainer point, the hand pump unit,
" end some .typc of base plate or\nll cover, -

San 1&1_:2 Waste Disgosai « Every village house and
commercial facility should be provided with sauitary facilities

for disposal of human wastes, ' Assuring a senitary facility
requires more than simply brwiding a villager, who has pro=
' bably never used a latrive, with a floor plate. There must be
~ some action to assure that the latrine pit is dug and tie
plate in installed with a water seal prior to occupancy.
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Housing

Every settler should be provided with the basis for

clean, safe, and rationally located housing. This does not
mean that a house should be prcvided, but it does mean tﬁat. a
_substantial beginning for a high=standard house should be in
place when the settler arrives, This could, for example; mean
a concrete floor slab or even a house shell. Whatever the
provision, however, materials with appropriate credit for
completing the house construction should be made availadble to
settlers at the lowest.possible cost with proper supervision

to point of completion.

Malariaz Control

Spraying = To retain. the viability of malathion
insecticide for future malaria control in the Mahawell Develop=
ment Prosram areas, a Speclal p.anel should be convened im=
mediately to:

- = Review the spraying procedures and policies; and
"= Plan a malaria control program. focusing on ==
" but not being restricted to = the Mahaweli areas.

Research Needs = An inedepth malaria reaearch pro-
g:un linked to a new surveillance effort should be organized
adequately equippod cnd given the institational support to

underuke long-tem, problem-oricntnd ptojcts.

" The lack o£ even buic Imowledge of malaria ecology,
including tzanamission, has handicapped the ‘development of
b.lsncnd loug=term contzrol sttatlgiu. Vectata other. than
. A. culicifaces, upecidly in junglc_ areas are utknown, If
snothetr vector, such as A. cleg s, is 1dent1£ied con::ol
technique based on breeding pnttu'n must be designed, 'ﬂu
correlation between seasonal vat;er' levels in major stresms and
_4..‘ culicifaces populations needs to be determined, The natural



parasites end predators of A. culicifaces end their relative
effectiveness under different conditicns shculd be invaestigatad.
The lungevity, therefore the. transmission effectiveness, of A
culicifaces and the long=-term Tesponde pattern genetically

with exposure to different chemical :lnsectici.r;é;i also needs
study. These studies can only be undertaken with appropriate
manpower, facilitles, and tgward systems. |

Plow Resulation = A special comnissicn should be

,designai:ed to commit resources and a:hitr.ﬁ'ce conflicts in
future water release PTOgrams, incl-nd':l.ng the possible need.
for new structures on tributaries uot affected by the Maha=
weli Development Progracme, to control the breeding of A.

culicifaces.

In future yea':s when the Mahaveli Development Pro=
gram . is operating, water control in river beds may be the
logical technique to prevent the recurrence of malaria epi=.
demics due to rapid increases in A. culicifaces populationms.
However, water released during summer mouths may conflict
with water demands for irrigation, Also, optimum comtrol
may requize releases on other streams not plamed for develop=
ment, Thus, some special-purpose structures may have to be.
cons tructed, S

Health Services

. In Mazch 1979,-the Ministry of Health submitted A

Progosal for Health Services in the Cgerat:lonal and Accelerated
Mahaweli Development Areas to the Mahaweli Development Board.
t:d.sd.ng licaltﬁ conditiona: were Teviawed, zud a number of re~ -
.Mations., both general and specific, were made. Gene:‘:al
. zecommendations includads .. :

‘priority attentiocn to the .poaaibilicy of settling

the farmers in permsnent. houses ou the allogatad

settlement areas; '
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= Provision of safe and adequate water supplies;

~' Promotion of envircumeantal senitation aiud en~
vironmental protection;

- Pre-settlemént wedical acreening of settlers:

- 'Setting:ﬁp of a Health Monitoring System at '
baemlet level;

"= Setting up a very sensitive Malaria Surveillance
Syatems '

= Priority assignment of health staff to the
development areas amd the provision of ncomonetary
incentives;

= Utilization of volunteer health workers; _

‘e Performance of specified curative functicns by
field staff;

= Improvement of the health management system;

-~ Improved contact between preventive and curative
staff; and

= " Adoption of a simplified reporting system,

Specific recommendations ccncentrated on health care
services and facilities: '

= A Midwife and two or three volunteer health. workers
recruited from among the settlers serv:i.ng every
five hamlets or 3000 population; . |
= A Ceutral Dispeusary serving every five villages
" or 15,000 population,
- A Peripheral Uoit with 48 beds, clinic room, and
' ambulance;
= A District Hospital with 90 beds; ‘ambulance, and
' Jeep; '
= Raferal facilities; and
~ Special facilities, including six Ayurvedic Dig= .
pensaries and one Ayurvedic Hospital with 120 beds.

In addition, the Proposal identified six “Priority

Health Interventions and Targets" considered most necessary
for the Mahaweli Development area:

O\



= Provision of adequate sefe water;

e Imminization of infaats;

» Provisioa of latriness

= Health educationj’

= Spraylag of dwellings with ingsecticides;

= Eorly detection and treatment of veneral

diseases,.

Special attention is given throughcut the Proposal to the poten=:
tial problem related to malaria as the develcpment proceeds,

At present, clearly formulated policies regarding the
provision of health care services, especially potable water
supplies, suitable waste disposal system and adequate housing,
have not been promulgated by the Ministry of Mahaweli Development
for the Accelerated Program . Scheme, It is recommended that
the plans presented above imcluding the propcsals of the
Ministry of Health, be incorporated into overall settlement
planning for the project area.,
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Reproductive State of ﬂ. culicifacies Collected in.
Human Habitations in Sri Lanka During 1971 = 72

" -Condition of No, of

DDT on Walls Mosquitoes Percent
Bloodfed Semi=Gravid Gravic
Newly applied 20i3 7 78.5 14,0 7.5
Overdue for spraying 664 56,5 19.7 23.8
Table 7=2

Source of Blood Found in Midguts of Engorged 4. culicifacies
Captured in Human Habitatioms im 28 Localities in Sri Lanka

Vertebrate : No, Diagnosed by

No,0f
Host ‘ -+ Prescription Test Total
Man ) 420 49,5
Bovid 302 35.6
Dog _ . 101 11.9
Pig * , l 0.-1
. Sheep/Goat 4 0.5
Unidentified '
mamr ;2 18 2.1
RMre _2 0.2
“Total . 848 -
Table 7-3
Age and Sex Distribution of Persons
Infected with Malaria During 1978
Sex Yeeﬁs No, Ferceut of .
of Age Jufected Total Infected
Male - - 41635 59,7
" Female - 28050 40,3
- O0~1 646 0.9
- 1-5 7020 10,1
- 635 15313 22,0
- 15+ 46706 67.0
7 = 41
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Table 7=6

Mortality of Advlt AL culizifacias
Exposedudo 4% sMCT for 1 Hour

Year No. of No.': of Com~ No, As culici= .Percent

Tests plete Kills facies Mortality
1962 5 3 360 99.4
1966 2 1 149 98,0
1968 5 0 387 €07
1969 8 0 468 440
1970 13 0 777 - 40,1
1971 5 0 233 30,3
1972 14~ 0 484 36,8
1973 5 0 286 47..2
1976 3 0 467 36,5
1577 7 0 641 32.3
1978 9 0 446 41,0
Table 7=5

Insecticides that Killed All
A. culcifacies Tested in 1978
within 1 day After Exposure

Insecticide Concentration Hours of No, locali= E'o. Mos-
: exposare ties quitoes
Malathion 5% 1 15 416
Dieldrin’ 0.4 1 4 203
Fenityothion 1,0 k 4 150
7 = 42



Table 7«6

Amount of Insecticide Consuméd
by Anti=Malaria Oparatiofe

(in pounds)

Anticipated

Year  DDT BHC  Malathion Fenithra-
thion Malath*on
Require=
ments (1)

1964 96,559 - - -

1965 213,981 - - -

1966 232,879 - - -

1967 998, 698 76,626 - -

1968 2,688,178 - - -

1969 2,394,371 - - -

1970 2,180,841 - 325,564 -

1971 887,960 - 168,173 -

1972 1,814,119 - 42,882 -

1973 2,266,740 - 172,031 -

1974 2,223,095 - 121,842 -

1975 1,699,276 - 1,010,694 -

1976 696,349 Ve 1,890,471 -

1977 - - 2,639,593 2,984 7,500,000
1978 - - 4,540,262 10,608 7,500,000
1979 5,000,000
1980 3,000,000
1981 -—ae -~ R T 2,000,000

(1) Poundé of malaéhion

7= 43
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Table 7=7

Bioassay Mortality of Various Anopheles spp,
Héld 1 Day After k Hour Exposire to sSand
Surfaces Sprayed with 2g Malathion/m?(1978)

Days After Mosquitoes Exposed
Spraying No, % dea
1«30 859 78.5
31 - 60 _ 880 54,3
61 = 90 . 120 - 77.5
91 =120 ' 70 35,7
‘Table 7=8
Prevalence of Microfilaria=Infected Residents
of the Southwestern Coast of Sri Lanka
Diagnosed b
Membrane Filtration Thick Blood Film (3
‘Residence No, tested 7 micro= No, tested % micro=
filaremic . ‘filarvemic
Peliyagoda . 248 12,5 294 4,8
Maligawatta 200 7.5 257 4,7
Kandana 106 5, 7 11 0.9
Totals 554 9.4 662 4,0




Table 7=9

Frequency of Self-Diagnosed Malaria in Several
Rural Communities Near Rekirawa and Frequen-
cy of Reporting to Government Instituions

_ No. Families - No, Malaria Episodes
Harvest Total ~Reporting Reporting Total recorded Reported to
period ques= illuess malaria by families Government
tioned . : institutions

Yala 1977 218 204 175 | 788 26
Maha 1977 ' .

- 78 128 . 118 35 47 ' 7
Totals 346 322 210 835 33

Source: Silva et al

Table 7=10

Distance Travelled by Self=Diagnosed
Patients Seeking Treatment for Mzlaria

) . Percent
Miles Travelled : No, Patients of Total
0=1 12 26
1l=2 11 24
2-3 6 13
3= 4 .’.1 2
b=35 1 .
S5+ 15 37
Total 46 -

8ource: Silva et al
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Table 7-11

Issue of Anﬁi-Malarial Drugs
by the Anti-Malaria Campaign

No, Tablets == Choroquine.

Year "Cahc;ﬁuin Chloroquine Primaquin Daraprin Injections
1976 9,513,000 7,359: C00 10,406,110 1,084,000 .4,205
1977 16, 744,000 540,000 20,335,000 985,000 2,505
1978 11,245,831 730,000 7,942,000 178,200 2,930

7 = 46



CHAPTER &
SOCIAL SCIENCE

"INTRODUCTION

This chapter constitutes a preliminary effort to identify the

major social impacts of the Accelerated Program of the Mahaweli Develop=

meunt.

One of the primary'.objectives of the Accelerated Program is
social: to alleviate problems of landlessness and unemployment in Sri
Lanka by providing plots to small holders on prev:i;gpﬁly_ underutilized
lands, which are either currently uncultivate& fo-r- lack of sufficient

water or are under chena cultivationm,

If successful, the project will provide higher incomes and
Aimproved. standards of living to the villagers currently living in
the ‘area, It will provide viable employment to ‘the farmer settlers
who are.s:elected to settle the newly opened areas, Af ter a number
of years., the settlements will become viable communities which are
'pleésant to live #n, and which are self-sustaining end automomous,
In adlition, they will provide employment for shop-keepers, teachers,
vholesalers, professionals and » rauge of occupations, necessary for

the creation of integrated agricultural communities,

Largely in order to achieve the social objectives of increas=
ed employment opportunities for landless and poor, the decisiom has
been made to limit the size of farm plots to onme hectare. It has
been estimated that this size plot can be farmed with family labor, .
by a settler family, Therefore, these small plots will provide
independent employment for a larger number of settlers, In additiom,
it is assumed that the other primary objective, agricultural producte
ivity, will be achieved by insuring the imtewsiwe-cultivation of

‘one hectare plots,

The social goals of the project, if achieved, coustirute
importent positive social impacts, If they are unt achieved, the

A
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negative social impacts will include the cost to settlers of ralccating
' and abendooment of land. In ‘this assessment it is necessary to con~
sider whethar the social goals are likely to be achieved, In additiom,
it 1is necessary to conaider wiather' there will be unanticipatec. social
effects which will need mitigative solutious.

EXISTING CONDITIONS

There are two distinct populations which will be most affected
by the Accelerated Mahawe‘i Program. These are the people currently
liviug in the proj ect area and the settlers from outside who will be

recruited into the area.

Current Residents

The Project Area is: currently sparsely populated. Most of the
land is —s-tate ownted and cannot be alienated. to private ownership except
by government decree, There are traditional dry zone purama villages
iz the project area. - Typically, these farming villages rely om two
types of._crops:' 1) a rice crop produced below the village tank; aud
. 2) upland crops relying on chena cultivaion. They also rely oo frutts. .
-aad vegetables cultivated oz the homestead plot,

Theudistiuctiw're feature of these villages are\ their self=-

.. sufficieucy, their .rgliance on subsistence agriculture, and their rela=
. tivé isolation including, in some cases, inter-marriage among them=

' se‘l.ve's.‘ Villagers are considered to have legitimate title to these
traditional village lemds. g

New: villages in the area are of two principal types. There
_are residents of governuent orbprivate company settlement schemes and
new raesidents holding illegal title to land. These latter residents
are considered encroachers, an& their status remaius to be decided inm

the Mahawelli Development Program..
/

As settlement planning proceeds for each of the designated
systems, the Settlement Planning and Development Divisiom has carried



out socio-economic surveys of the systeﬁs. The surveys of Systems B
~ and C are now complete, and the information which follows is based on
these two surveys. (Mahaweli Development Board, Settlement Pl anning
and Development Division 1979a, 1979b).

System C

System C contains a southern portiom, rougnly south of Alutt=
arama, which consists of deveIOped agriculture including three develop=-
ment colonization schemfes ‘near the Sorabora, Mapaskade and Dambarawe
Tauoks, The population of this area was enumerated at 23,340 in 1979,
This—area is considered already developed and not open to settlement
and development under the Mahaweli Development Program. It will, how=
ever, benefit from the additional water supply provided by the project.

North of this zomz, in Badulla District, there is sparce -~
populatton~totalling 5,197, THis population includes some purauna
villages: Giranduru Kotte, Hebarawa and Aluththarama, It also includes
the rempauts of a Departmeut of Agriculture and Land Commissioner's:
Department Youth Colonization scheme, The Ceylon Tobacco Company has
develcned a colony with inteusive paddy cultivatiom, In 1966 the
govermment allocated large exteuts of land in this ares for agricul=
ture to the private sector. These leeses have since been withdrawn;
the land is currently cleared but not cultivated.,” A number of new
villages exist, made up of recent encroachers. Soﬁé éréfbn lands
which were earlier part of special leases, The number of encroachers

is highest in this area.

The total population of the remainder of System C was enu-
merated at 1,239, The northern section is covered with jungle and
contains the purana villages of Yakkure, Kalukelewa and Ellawewa,

The central portion contains the puramna village of Lemaniyawela. The
ouly important settlement in the area comprises about 70 families |
below the Henanigala Tank.

4 large proportion of land currently occupied is occupied by

encroachers. Private ownership accounts for 39 hectares of paddy



and 21 hectares’ of upland, The largest unit of privataly owned paddy
land i5 8 hectares., Other legitimate forms of land ownership tnclude
lands. given out under the Land Developmeut Ordinance (LDO) and Annual
‘Permits for. the cultivacion of paddy and subsidia:y food crops. Sea

Table 8=i,. .

Table 8=1

' Land Ownership - . System C..
(in hsctaru) :

' Paddy Lend Upland

private Land 39 o
LDO Lends - 130 171
Amnual Permits B2 = 8s

' neroachments. . 31 1067

— -

Source: MDB, Settlement Planning and Development.
.. Dfvisiom 1979b

The. population of System.C is made up. almost entirelyof-
Sinhalasc.. According to reported income, 68 percent of the house=
hclds earmed below Rs.3,600 per year..

System B

. System B coutains a large number of Purana j{illager_s‘. Kara=
pola, Mutugala, Katawsawila, Alinchepatana, Soruwila, Alavakumbura,
Menempitiya, Dammimna Vilayaya, Akluramal, Pettanai Kallichchai and
Maduangani were identified as purana villages by the survey. The
ethnic group ualance {s more diverse in System B than in System C.
Some Purana, villages are inhabited by Tamils, Two muslim villages:
‘ (A..enchipatana and Katawmwila) are similar to Puramne villagers.in
their isolation. Accordmg to this report there are four original
Vedda villages: Millama, Dalukana, Ellewewa amd Murutanai, but all

four have lost their original character.


http:villagers.in

There are two major colonization schemes in System B, The
Pimbura:tewa colonizn:iou scheme was completed in 1976, comprising
1,460 facilies with 1.2 hectares of .paddy sad 0,8 hectare..of upland
each, A smaller scheme at Wadumanai was scttled with 126 families,
This latter scheme has not been entirely successful and many of the

settlers have retursed to their original villages,

Four other plenuned communities exist i1 System B, Three
livestock farms at Trincomade, Kandakadu and Walikanda are located in
the northern part. Two Kenoff farms have been opened at Welikanda
anc Punani by the’Sri Lanka Cashew Corporation and the National Paper

Mill Corporatiom,

The number of encroachers is large and growing, New
villages, suchas Kumarapura, Suoryodi and Pullegardi,. have been
established along the Polonna:uwa-Batzicaloa highway, Encroachers
have moved into ‘the rimburattewa Irrigation Scheme. Iun some cases .
the temancy status is uncleer. Under the food production campaign
in 1973-77 lands under small tamks in Polonnaruwa District were
allocated, but annual leases were never distributed, Many of these

lands have since been abandomned,

fu Batticaloa District, settlers left the tea and rubber
plantations after communal disturbences in 1977 and settled at Mulli-
watawan, Punchi-Kataragama anc¢ Myllantenui.,. Some of these settlers
claim that they followed an aunouncement of new land availability in
the local newspapers., Some ¢ the settlers stated that they were
settled by the Batticaloa Rotary Club and provided development assis=
tance by them,

The total population of System B was enumerated at 25,515 et
the time of the survey, This includes 6,760 residents of the Pimbu=
rettawa major colcunization scheme. The Sinhala population account
for 64.5 percent of this total, followed by 25,5 percent Tamil and
eight percent Muslim, In general, the Sinhala population tends to
be prevalent iun the westefn portion, or Folonnaruwa District, while
the Tamil {opulation predominates inm the eastern portion, or Batticaloa



district., The portiom of Batticaloa district which comes within
Syst;h 3 is eparsely populated, mainly because of the Maduru Oya -
floods. However, in the villages adjoining System B, there is a

dense population..

~

The tumber of legitimate landowners living in the area is
1,148 (excluding settlers of Plmburettawa), Of these, only 126 owm
more than two hectares, and all but eight percent own more than 0,2
hectare.. The number of eucroachers was enumerated at 2,736, of
which 26 perceat have arrived since 1976, There are also a sizable
number of absentee landowners; official sources list 2,285 people
living outside System B with allotments over 2 hectares, under LDO

permits and leases under the Crown Lands Ordinance.

" According to reported income, over 51 percent of the families
in the area earn less  than Rs.3,000 per year. Another 25,8 perceat
aarn. between Rs,3,000 and 6,000 per year, The average family size

i3 4.8,

New Residents

New r:sidents to the Accelerated Frogram ﬁrea will include
settlers, together with project managemeut, professionals, shop
keeners, agricultural laborers, craftsmen, merchants, construction
workers and others. The new aeutlersAwill be selected accordiug
to criteria currently being developed by the Mahaweli Development
Authoritys maﬁy will probably be resettled from areas flooded by the
Victoria and Kotmale reservoirs,

Estimates of the numbér of new settlers is besed upon land
use plans. Principally, the method involves astimating the amount
of irrigable land which will be gvailable in the system, and assum=
ing ome settler'fagily for each hectare of irrigable land,

The estimated number of new farm families which will be

settled in System C is 20,390 (Ministry of Mahaweli Cevelopment
Hunting Technical Services, 1979, Q59). With five persons per family

vl



this represents an influx of 101,950 people by 1985,

The estimated number of new settler families to be settled
in System B is 31,660, or using five persons per family, 158,300
people. To these figures should be added an additiomnal 20 percent
or 10,410 families (52,050 people) for both systems represeuting the
nou~farm pdpulation which will be drawn thereto. (iHinistry of Maha=

weli Development, Acres Internatiomal,.1579), o

The estimates for the eutire Mahaweli Accelerated Program are
curreatly 140,000 new settler faﬁilies, and including other service
staff, about a million people. (Ferumando, 1979).

In géiéction of settlers for the accelerated program area,
it is assumed that priority wi11 be given to resideuts of Teldeniya.
town and Kotmale, areas which will be imnundated by the Victoria and
Kotmale reservoirs. Special priority may alsc be given to families

- ————— a—————

among second gemeration séttleis i TWearby disStricts.

The gemeral criteria for selection will follow those current-
ly in use by the Mahaweli bevelopment Board in System H, These are
based o~ 2 point system taking iuto account age, siz; of family,
tenurial status, occupation, health, cultivation practices, member=-

shipr in village organizations and possession of other noun~farm skills,

In general, the objective is to select, among the small
farmers or laundless, people who show agricultural and cooperative
skills, in other words, people who will make successful settlers,

Settlement authorities have recently become aware of the need
to actively plan for the arrival of nou agricultural families.
Currently, in System K, non agricultural families wisning to open
shops or small factories in the project area may apply for an up-
lané allotment, In the Accelerated Program area these new resideuts
may be selected according to a system of criteria, on the model of
" the criteria for farming populations,

(Y



crofessionals in the fields of health and education will be
recrui:cd through the normal process of national recruitment.

SOCIAL IMPACTS

The principle social impacts;:which have been identified by
current reports, sociological studies; -and interviews with project
officials, are outlined below. Areas were identified which look,
at this time, most problematic since these are the areas in which
. some kind of actiow begun now can have the most effect. This does
not imply that all social effects of the prolect are groblem areas.
As stated in the introduction, the impacts are of two principle
typess 1) those which, if not overcome, will threaten the achievement
of the social objectives of the. Mahaweli Program; amnd 2) those which

are by=products of the achievement of those objectives.

Financial Viability of the Settler Family Unit

The most serious unresolved issue i3 whether or not settler
familie3 installed ou one hectare piots will be able to 