PD-ABA-546

Best available copy -- annexes missing



Democratic Socialist Republic of Sri Lanka

Ministry of Mahaweli Development

Maduru Oya Project
Feasibility Report

Main Report

]

=3

: Acres international Limited, Niagara Falls, Canada
B A

Po-ngp-5"d
(K50%%

Initial Issue
November 1973



154, Deans Road,

e

File : P5152,900

pecember 4, 1979

Mr.N.G.P. Panditharatne,
Director=General,
Mahaweli Authority, ‘
500, T.B. Jayah Mawatha,
Colombo 10,

MADURU OYA PROJECT

Dear Sir :

We have pleasure in submitting herewith our Feasibility
Report on the Maduru Oya Project. This is the iaitial
issue of the report, the final issue awaiting completion
of the mapping stil}]l required for some 33 per cent of
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SUMMARY AND CONCLUSIONS

1. Introduction

The Maduru Oya Project, a component of the Mahaweli
Development Scheme, is located in the basin of the

Maduru Oya, which lies to the east and is separate

from that of the Mahaweli Ganga itself.

The purpose of the project is to provide irrigation

water to the System B area, so as to facilitate the
ultimate settlement of some 35,000 farming families.

2, The Project Area and Existing Land Use

The total area of System B is approximately 130,000
hectares.

The climate is typical of the "Dry Zone! of Sri Lanka
with 75 per cent of the average annual rainfall occuring

in the Maha season.

About 54 per cent of the total area is forest covered,
26 per cent is under slash-and-burn "Chena" cultivation
and 11 per cent is committed to paddy farming.

3. The Project

The main physical components of the project are :
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- Headworks

6 3

Dam and Reservoir « Gross storage 555 10 m

Link Tunnel from Mahaweli - capacity -
34 m3/s

Share (with System C) of Right Bank Transe
basin Canal in Mahaweli Valley.

= Main Canal Systems
Left Bank Canal - capacity - 48 m3/s
Right Bank Canal « capacity = 35 m3/s

« Tertiary Systems, drainage, land levelling,etc.

« Non-irrigation infrastructure

4, Proposed Land Use

Land classification based on soils and topographic mapping
covering about twoethirds of the area indicates that irri-
gable soils under command of the proposed canal system
amount to some 52,300 hectares. Of these about 75 per
cent have been found suitable for paddy cultivation.

The remaining 25 per cent are considerably dispersed and
include certair. soil types (non-calcic browns) the per-
formance of which will require to be examined in a
programme of applied research on a pilot farm. For
present purposes a representative cropping pattern =
groundnuts rotated with soybeans = has been assumed.

The proposed allocation of land is as follows :
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(a) Lowlands

Irrigable soils within command se 39,500 ha
Net area allotted to farms .e 31;900 ha
Farm size .o 1.0 ha
Cropping pattern (Maha/Yals) «o paddy/paddy
Number of paddy farmers ee 31,900

(b} Uplands

Irrigable soils within command ee 12,800 ha
Net area allotted to farms .o 5;500 ha
Farm size (including homestead) .e 2.0 ha

Representative cropping pattern «s groundnuts/soybeans

Number of upland farmers .o 2,750

Homesteads for the paddy fammers (0.5 ha each) will be
locatr:d on the uplands, generally on noneirrigable land,
In addition, a holding of 0.2 ha per family has been

proposed for an estimated 8,650 nonefarm settlers.

The approximate gross land use is estimated to be :
Agriculture oo 52,000 ha

Settlement .o 22,000 ha

74,000 ha




- iv -

The total number of settler families (farm and non=-farm)
is estimated to be 43,300.

After development, the population of the area will be
about 225,000,

5. Anticipated Yields

Government crop cutting surveys carried out from 1973=-
1978, and more detailed surveys carried out in September
1979 in the project area, indicate paddy yields, under
favourable conditions, in the range 5.8 to 7.1 tonne/ha.

The following yields have been adopted in the present
studies :

Paddy yvields by land class (applicable to 0.95 of farm

area )

Maha (t/ha) Yala (t/ha)

0 Land Class iR 2R iR 2R
;.,‘:‘:‘:‘ ~——3. Base Case 4,4 o6 > 4,6 3.8
o a Ay Higher 409 4.0 5.1 4.2

s AT
WA Lower 40 3.2 k.2 3.4

Cropping Intensity : Maha 0.98 ; Yala 0.90

Representative upland crops

Groundnuts .o 1,5 t/ha
Soybeans .o 1,6 t/ha



6. Rate of Development

Provided a contract is placed by February 1, 1980 for
the construction of the headworks, and provided water

is available for diversion from the Mahaweli by Feb-
ruary 1983, it should be possible to harvest the newly-
developed hectarage in the 1983 Yala season. Thereafter
two scenarios for the completion of this project have

been studied :

Area of new land harvested (total of 37,400 ha)

Sceharid A Séénario B
1983 4,700 2,300
1984 10,700 4,600
1985 12,600 6,200
1986 9,400 6,700
1987 6,700
1988 ‘ 6,400
1989 4,500

7e Project Costs

The estimated cost (mid-1979 economic prices) of the

Project is summarised below : . Million Rupees
Sri Foreign Total
Lankan
Headworks 429,7 936.6 1366.3
Main and Branch Cunals* 464,13 872.4 1336.7
Tertiary System etc. 630.4 70.0 700.4
Sub=total,Irrigation Works 1524, 4 1879.0 3403.4
Non-irrigation infrastructure 530.0 50.0 580.0
Total 2054, 4 1929.0 3983.4

(51.6%) (48.4%) (100.0%)

* Estimate for Scenario A.
Add total Rs.30 million for Scenario B.



Allocated Cost (in economic analysis)
Million
Rupees
Total

" Right Bank Transbasin Canal® 214

Annual operation and maintenance 56

8. Project Benefits

Based on economic prices .the following tabulation shows
the benefits estimated for the Base Case (see paragraph

9 below) after full development has been achieved.

Million Rupees

Without With Net % of

Project Project Total

Paddy 79 577 498 75.3
Upland - 35 35 5.3
Homesteads - 60 60 9.1
Livestock - 36 36 5.k
Fisheries - 2 2 0.3
Forestry (average annual) - 11 11 1.7
Power - 19 19 2.9
Total 79 740 661  100.0

With the exception of paddy, all benefits have been
summarised above as incremental benefits beyond those
realised at present in the project aresa.

* Based on 25 per cent of cost of canal works., 50 per
cent of all Minipe=Ratkinda diversion works (i.e.50% of
Rs.1,267) used in sensitivity analysis,
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9. Internal Rate of Returm

The discounted cash flow method has been used to (ieter=
mine the intermal rate of return for a number of different

cases.

The Base Case, Scenario A, is :
- Base Case paddy yields (see para 5 above)

= Buildeup of net benefits from paddy = 60%
to 100 % in 5 years.

« Allocation of Right Bank Transbasin Canal
Costs = 25% of canal costs (see paragraph 7

above).
The above case has also been applied to Scenario B,
Sensitivity tests have been performed for variations of
paddy yields in both Scenarios. Other sensitivity tests

have been performed against the Base Case in Scenario A.

The results of these analyses are as follows
Internal Rate of Returm

Case Scenario A Scenario B
Base Case 10,7 % 10.2 %
Sensitivity Tests :
= Higher Paddy Yields 12,3 11.6
- Lower Paddy Yields 9.2 8.8
- Paddy net benefit build-up 10.4 9.8

- 8 years

«~ Right Bank Transbasin Canal
Cost Allocation=50% of

total cost 9.6 -
- Capital Costs up 10 per cent 9.9 -
- Net benefits down 10 per cent 9.% -
=~ Scenario A planned and built,

Scenario B benefits realised 9.5 -

Y)nd
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10. Secondary Benefits

Certain other benefits have not been included in the
above analyses. The spineoff effect due to construction
. and other activity during the development period, the
redistribution of income, and other social benefits are
estimated to add 4 to 6 percentage points to the Base
Case IRR.

11, Farm Income

Financial farm incomes (based on present price levels)
are estimated to be about Rs.6,000 per year for both
paddy and upland farmers, after allowing for basic food

roquirements.

12. Conclusions

(a) The proposed irrigation project is technically
feasible, and, without external constraints,
can be completed in time for agricultural
production to commence in 1983,

(v) Based on direct economic costs and benefits the
indicated intermal rate of return is 10.7 per
cent. A range of 8.8 per cent to 12.3 per cent
is indicated by the sensitivity tests carried out.

(c) Significant social benefits are also attributable
to the project.

(d) Two rates of development have been considered.
Simul taneous activities on other major projects
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(&)

(h)

(d)

(not only those within the Mahoweli complex)
couid imposc counstraints on the availabllity
of specialised nmanpower axnd should be talien
into consideration in the detriled planning
of +he development of the downstream area.

Outestanding Issues

Completion of the topogrerhic ond soills merping
for the remaining 33 pcr cent of the projoct

ereca is a matter of urgcncey.

Exploration by test-pitting of the Macduru Cya
Right Bank Canal alignment should also be
urgently pursued.

Policlies should be fineclised as soon as pocsible
regexding thc organisation to be adopted for tlhe
implcecmentation and settlement planning aspects

of the projecet,

The results of this fearibility study and those
of current studies on other Mahaweli prctects
should be excmined together in the context of
the Mahaweli Development as a vhole. This
comprehcnsive examina*ion could take the fecim
of an updating of the NEDECO stiudies, which
wecro based on preliminary nssumpticns regarding

this and certain other ccmponent projectse



1. INTRODUCTION
1,1 The Context of the Maduru Oya Project

- The Mahaweli Ganga is the largest river in Sri Lanka.
The Maduru Oya Project is part of a comprehensive
scheme for the utilization of the Mahaweli Ganga for
purposes of irrigation and hydro-electric power

generation.

As conceived in the Master Plan prepared by UNDP/FAO
in 1968, the Mahaweli scheme envisages the ultimate
formation of a series of storage reservoirs in the
Mahaweli basin itself., Diversions fanning out from
the mainstream would deliver water to an array of
widespread systems throughout the northern part of the
island. A total of some 13 main systems have been
identified by the letters "A" through "M"., A number
of component irrigation projects, some of considerable
magnitude, are thus required to complete the Mahaweli
devzlopment as a whole. The location of the scheme in
Sri Lanka is shown on Figure 1, while Figure 2 shows
the layout of the scheme and the relationships of its
individual projects.

The first of the component projects to be undertaken
were the Polgolla Diversion and the Bowatenna Reservoir,
which, with other associated works, feed System H. This
system has already commenced operation and settlement
is scheduled for completion in 1980.

In 1978 the Government of Sri Lanka approved the Accele=~
rated Mahaweli Programme, included in which is the
construction, as a matter of priority, of the Kotmale
and Victoria reservoirs and the development of Systems

B and C, together amounting to some 85,000 hectares,



The Government agencies which are most actively

involved in the Accelerated Programme are
- The Ministry of Mahaweli Development,

- The Mahaweli Authority (having overall
co-ordinating responsibility),

- The Mahaweli Development Board, refeffed
to as "MDB",

- The Irrigation Department,

- The Central Engineering Consultancy Bureau,
referred to as "CECB",

System B, covering an area of some 130,000 hectares,
will be served by the Maduru Oya Project, comprising a
550 million cubic meter storage reservoir in the Maduru

Oya basin (to the east of the Mahaweli) which will receive

substantial supplementary flows from the Mahaweli Ganga
itself via a link tunnel.

The feasibility of the Maduru Oya Project, including
intensive settlement and irrigation development in
System B, is the subject of this report.

1.2 Objective of the Projggt

The Maduru Oya Project reflects to g marked degree the
Government!s long-term objectives in promoting the
Mahaweli Scheme. The principal aim is the establish-
ment of an integrated rural society, which is able to
sustain, through the medium of irrigated agriculture
and associated activities, an acceptable standard of
living, while contributing to the economic well=being

of the country as a whole.



It will e appreciated that, in principle, accomplishe
ment of <ais objective is not necessarily the same as
maximising the return on investment in the area, which
might in theory be achieved with a lower concentration
of smettlement. However, the social benefits associated
with the settlement aspects of the project, while
difficult to quantify, are considered of prime importance
by the Government. The productive settlement of 40,000
or more families in the project area is accepted as a
major objective of the Maduru Oya Project.

1.3 Logic and Format of the Report

The format of any feasibility report should reflect the
logic of the associated studies. In a typical irrigation
project these studies start from a data base and follow
three main paths @

(a) Engineering -
to determine the available water resources and
define the physical works required to exploit

these resources.

(v) Agricultural =
to determine and evaluate the agricultural
production which can be achieved, and the
irrigation water required to sustain this
production.

(e) Human -
to determine the human resources and social
infrastructure required for the agricultural
development and to relate the impact of future

settlement on existing communities.



The equalising of water demands with available supply
is evidently an essential feature of these studies and
forms the link between the engineering and agricultural
aspects. Once this water balance is satisfied, an

economic appraisal of the project can be made.

it is evident that a choice must be made as to the
appropriate order in which parallel series of studies
should be treated. In the present case the format
favoured by the IBRD and FAO has been used as a guideline.
After presentation of the general background factors,

the report describes the physical features of the project
and then proceeds to consider what the project will
achieve. Appraizal of the projects feasibility is
followed by a concluding chapter on outstanding issues.

The main text of the report is envisaged as a reasonably
brief but sufficient presentation of the feasibility
studies as a whole, while detailed analyses and other
supporting material are assembled in a series of Annexes.

1.4 Limitations of Initial Issue of the Report

As will be described in the course of this report, the
gross project area considered in System B is estimated to
to be 130,000 hectares., Soils and topographic mapping
of an adequate standard will not be completed for the
whole area before mid 1980. However, it was decided
that a report based on mapping covering about 60 per
cent of the area should be submitted in the first
instance, and on the premise that such mapping would

be made available through July and August 1979, comple-
tion of the initial issue of the report was planned

.%0 )



for November 30, 1979. In the event the mapping
received by mid September, 1979, covered some 89,000

hectares or about 67 per cent of the gross area.

It is considered that assessment of the agricultural
potential of these 89,000 hectares has been achieved
to an acceptable standard for feasibility analysis.
The remaining 41,000 hectares have been treated at the
reconnaissance level and will be re-examined when the
complete mapping is made available. Final issue of
the Feasibility Report may be expected about three

months thereafter.

Other aspects for which full consideration will have
to be deferred, for various reasons, until the final

issue include :

- the design to "feasibility level' of the
Right Bank Main Canal and branch canals;

= the elaboration of irrigation system layouts
on “sample areas" which are, at present,

unmapped ;

-~ cost estimates to the "feasibility level"
associated with the above ;

-« town and country planning aspects ; and

- organisation and management aspects. The
status of a number of current proposals and
issues should be clarified by the government

before this work can be completed.

. 21



2. BACKGROUND
2.1 Sri Lanke - Physical Zsography

The island of Sri Lanka is located off the southern tip
of India between latitude 6°OO'N and latitude 7°50'N.
Roughly oval in shape, having a length in a rorth-south
direction of 430 km and a width of 180 ¥m, its area is
65,000 sg.km. A general map is presented on Figure 1.

The central and southern part of the island is quite
mountainous, with peaks rising to 2500 metres above
sea level. The northern region is an undulating plain

with occasional prominent rock outcrops.

The climate is dominated by the two monsoons characteris~
tic of the South Asian region. The northeast monsoon
affects Sri Lanka from December to February. This
season is kmown as the "Maha'., The southwest monsoéon
season lasts from May to September and is lmown as

the "“Yala".

Due to land configuration and other factors, the south-
western part of the island receives abundant rainfall
from both the monsoons and is nown as the Wet Zone.

In contrast, the northern areas experience rainfall only
during the Maha season and are known as the Dry Zone.
An intermediate belt may be distinguished from the

Dry Zone,in which a limited amount of rainfall occurs

during the Yala season.

Consolidated rainfall data for typical locaticns in
these climatic zones are shown in the following

tabulation :



Average Rainfall (-m)

Zone Location Oct-Mar Apr-Sep Total
(Maha)  (Yala)

Vet Ratnapura 1641 2247 3888

Dry Anuradhapura 999 L4y8 1447

.Intermediate Kurunegala 1116 959 2075

The abundant rainfall occurring in both seasons in the
mountainous areas of the Wet Zone, gives rise to a
number of important rivers, ¥nown for their relatively
regular discharge patterns as "Gangas", Smaller rivers
in the dry zone tend virtually to dry up in the Yala
season and are known as "Oyas". The largest river in
the country is the Mahaweli Ganga, which rises in the
mountains south of Kandy and, having traversed the
north-eastern part of the dry zone, discharges into

the Bay of Bengal near 1rincomalee.

In its natural state Sri Lanka must have been substan-
tially covered by forest., However, while in the Wet
Zone this would have included extensive areas of
equatorial rain forest (of which the Sinharajaha Forest
is but a remnant), the vegetation in the Dry Zone would
be better described as "scrub jungle', Much of the
forest cover in the mountanous areas has been lost to
tea cultivation, while in the Dry Zone and the coastal
plains the natural cover has been affected extensively
by slash and burn ("chena") cultivation, followed by

more permanent settlement.

2.2 Sri Lanka - General Economic Geography

The climatic zones and physical features of Sri Lanka
have had a dominant effect on the development of the

country.
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The original colonization of the island = in a series
of invasions from India - took place essentially from
north to south, with settlement for the most part in

the Dry Zone. The desirability of irrigation develop-
ment was recognised and some remarkable schemes,
involving long diversion canals delivering water to
storage tanks, were developed over the course of several

centuries up to about the 14th century AD.

Since the 16th century AD trading and commercial ventures
by'Portuguen,Dutch and, more recently, British interests
have given rise to specific agrarian activities which
survive as the mainstays of the Sri Lankan economy. of
these the more important are the tea, rubber and copra
industries, development of which has taken place mainly
in the central and southern parts of the country. These
commodities accoﬁnt for 70 per cent of Sri Lanka's export
trade while additional exports result from minor export

crops such as cocoa and various spices.

Rice is the major non-plantation crop although a iarge
variety of minor food crops is also grown for domestic
consumption. In total, agricultural activities account
for 30% of national income. In terms of employment,

over 50% of the work force is engaged in agriculture.

The country?s total jabour force is estimated at 7 million;

of this labour force over 1 million are unemployed.

Despite this emphasis om agriculture, Sri Lanka finds
it necessary to import a number of basic foodstuffs.
These include rice, flour, sugar, dried fish, and milk
and milk products. Ome of the objectives of the
Accelerated Mahaweli Programme is to reduce the nation's

dependence on imported foodstuffs, particularly rice

and sugar.



The present population of Sri Lanka is about 14 million.
Table 2~-1 gives the distribution of the population by
District. The location of the Districts of Polonnaruwa,
Batticaloa, and Amparai is shown on Figwre 3, which
also indicates the principal towns, roads and railways

in the Maduru Oya Project area.

2.3 Other Studies of Maduru Oya Project

While the Maduru Oya Project and the development of
System B was envisaged in the FAO Master Plan of 196%A
definitive study of the project may be said to date

from the inception of the Accelerated Mahaweli Programme
in 1978. Preliminary layouts of the headworks, comprising
the Maduru Oya dam and the link tunnel from the Minipe
Right Bank Canal, were prepared by CECH in association
with SOGREAH of France. At the same time study of the

main canal systems was carried out by MDB.

The overall studies of the Mahaweli development, under-
taken by NEDECO?included the hydrological input necessary
to determine a preliminary water balance and thus confirm
the approximate magnitude of the epgineering works, in

terms of @

= Anticipated irrigation water demand.

~ Capacity of diversion works in the Mahaweli

basin.

= Required storage capacity and elevation
of Maduru Oya Reservoir.

~ Capacity of link tunnel.

A



TARLE 2-1
SRI LANKA POPULATION BY DISTRICT - 1978

DISTRICT POPULATION (000'8) PER CENT
" 4, Colombo 2,972 20.95
2. Kalutara 808 5.69
3. Kandy 1,285 9.06
4, Matale 54 2.50
5. Nuwara Eliya u68 3.30
6. Galle 814 5.74
7. Matara 660 4.65
B. BHapbantota 388 2,74
9. Jaffna 801 5.65
10, Mannar 90 0.63
11, Vavuniya 111 0.78
12, Batticaloa 300 2.12
13, Amparai 316 2.23
14, Trincomalee 223 1.57
15. Kurunegalsa 1,159 1.87
16, Puttalam 437 3.08
17. Anuradhapura 458 2.23
18. Polonnaruwa 190 1.34
19, Badulle 665 L.69
20. Monaragsle 228 1.61
21. Ratnapura 739 5.21
22. Kegalle : 718 1.06
TOTAL 14,184 100.00

|
|

Source : Regisirar General's Dept.
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These studies continued till about mid-1979, and thus
overlapped the feasibility studies which are the subject
of the present report. In particular the NEDECO and
CECB studies were considered sufficiently refined by
October 1978, for the capacities of the reservoir and
link tunnel to be regarded as essentially fixed.
However, subsequent review and the updating of reservoir
topography led respectively to an increase in the design
capacity of the tunnel and a lowering (for the same

reservoir volume) of the Maduru Oya dam.

Simulation studies by NEDECO of the operation of the
Mahaweli project as a whole provided estimates of water
availability for the present feasibility studies.

In November 1978 it was decided that the design of the
headworks should be advanced to the tender stage,
including specifications and the preparation of tender
documents. This work was assigned to CECB/SOGREAH for
the dam, and to Acres for the link tunnel.
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3. PROJECT AREA

The general layout of the Mahaweli Scheme, including
the component projects already completed as well as
fhose comprising the Accelerated Programme, is shown on
Figure 2. System B occupies the Maduru Oya basin which
lies to the east and is separate and distinct from that

of the Mahaweli Ganga.

Figure 3 shows the location of System B itself in
relation to the important centres of Trincomelee, Polon-
naruwa and Batticaloa. It will be seen that the area
is bounded in the north and west by Systems A and C.

3.1 Physical Features

The southern part of the project area, occupied by that
portion of the Maduru Oya basin which drains to the
propbsed reservoir, is separated from the Mahaweli Ganga
valley by a north-south line of hills of height up to
about 670 metres above sea level. These hills are
pre-cambrian in origin, in common with the underlying
formations throughout the project area. The link tunnel
planned to divert water from the Mahaweli Ganga into the
Maduru Oya Reservoir will penetrate this line of hills.
A spur from the northern end of this range traverses

the Maduru Oya valley in a generally south-easterly
direction. The gap, through which the Maduru Oya flows
in its northerly course, forms the site of the proposed
dam. At this point the river is about 67 meters above

sea level.

The irrigation area lies along either side of the Maduru

Oya downstream from the Maduru Oya dam site, which is
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located approximately 32 km south of Welikanda. It is
bounded on the southwest by the Hungamala Ella and

System C, on the northwest by the flood plain of the
Mahawe11 Ganga, on the north by System A, on the east

by the lagoon lying inland from the Bay of Bengal, and

on the southeast by the Miyangolla Ella. Physiographically
the area is a peneplain, an old erosion surface with
generally subdued topography broken by outcrops of rock
ridges or isolated knobs. These outcrops become less

frequent in the northerm part of the project area.

The geology of the area is characterised by Pre~Cambrian
rocks. They have given rise to a mature, mantled and
undulating peneplain which merges imperceptibly to the
north and northeast into the Pleistocene and Miocene
sediments of the coastal plain. Large, prominent and
isolated erosional remnants and prominent ridges rise

to heights of over 500 metres (Gunner's Quoin) above

the general level of the surrounding plain. The elevation
of the latter varies from about 80 metres above sea level
in fhe south to under 30 metres in the extreme noxth.

The mantle covering the peneplain rock is generally thin
and sometimes non-existent, as in areas of rock knob

plain and outcropping flat rock.

Two very different soils have developed on the Pre-
Cambrian rocks. On those rich in ferromagnesian minerals,
moderately deep to shallow ( < 100 cm) reddish to brown,
sandy clay loam soils have developed, on slopes which
often exceed two per cent and some times four, These
soils normally occur in association with prominent rock
outcrops On the rocks relatively poor in ferromagnesian
minerals but rich in quartz, moderately deep to shallow,
grey brown, loamy sand and sandy loam soils occur. These

overlie impermeable rocks and usually occur on slopes not

9
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greater than four per cent. The soils of the upper
slopes tend to be moderately well to well drained while
those of the lower slopes tend to be imperfectly drained.

Associated with these soils are imperfectly to poorly
drained bottomland and old alluvial soils of variable
but usually sandy texture. These old alluvial soils

are not now necessarily associated with the present ‘day
drainage. A relatively wide band of imperfectly to very
poorly drained recent alluvium (with the exception of

a low, narrow, moderately freely draining levee soil)
occurs along the Maduru Oya and the Mahaweli Ganga.

3.2 Climate wnd Hydrology

The Maduru Oya basin experiences a tropical climate,
falling under the influence of the Northeast (December=-
February) and Southwest (May-September) monsoons. The
Northeast monsoon (Maha) brings most of the annual
rainfall, and therefore runoff, in the catchment area
(see Figure 7). The Southwest monsoon (Yala) is
typically dry due to the orographic effect of the
Central Highlands of Sri Lanka. Rainfall in the inter-
monsoon periods can be caused by either convective or
cyclonic storms. Table 3-1 summarizes mean and extreme
values of three key hydrometeorological indicators -~
femperature, precipitation and streamflow. These
figures illustrate the relatively minor temperature
fluctuations which are normally experienced, compared
with wider fluctuations in precipitation and streamflow.
The latter fluctuations have important implications for
the development of rainfed and irrigated agriculture.

o
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TABLE 3-1
SUMMARY OF CLIMATIC FEANS AND EXTREMES

rAXIVY,
NIKIE™ HoNTH
or :
AVERASE JAN_  TED  MAR. APR_ MAY JUNE JULY UG SEPT_ OCT.  NOY_  DEC
1.4 .
'{53:"1“ Mexisum 3 33.6 35.4 3.6 372.4 38.2 37.4 37.8 37.6 36.2 33.3 32.1
Average 25.b 25.7 26.8 2B.0 29.0 29.5 29.1 28.6 2B.4 27.3 26.3 25.5

Binimue. 17,1 12.4 19,1 21,7 20.9 21.2 21.1 20.6 20,h 20.4 18.0 19.0

Rainfsll Mexisuo 152 Lo2 n ] 102 ] 28 '
(=), Yemr 7 38 173_ 579 1465

Average 236 17 65 87 62 22 65 6h 75 192 319 432

Winteu: 128 [} 116 0 [} ] [\] [} 18 26 269 315
Strea=flow Maxim-~ 59 107 1 2 b o o
s i ] o (] 81 620
{0 ),

Averege 95 48 20 L1 13 § 3 ) & 15 59 12

Minjewa 36 9 (] 1) 1] 1 0 1 ) 9 25 53

llotes 1 (1) Data for Batticnloa. Faxisa and minimn are extreres recorded over the period of record
2) Data for Welikanda. Maxicum yesr - 1957, minimua year - 1969

(3) Data for Maduru Oya at Dazsite. Haxirun year - 1957, ‘l’.lnhu: year - 1956

ARIIAL
38.2
27.5
17.1

2946

1765

E7
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3e2.1 Rainfall data

Daily rainfall data for long periods (over 100 years

in two cases) are available for several stations near
the project area. There are six stations with reliable
records covering the period of 1950 through 1977.. The
periods of record of these stations are summarized in
Table 3-2. Observations at two of the most useful
stations from an agricultural point of view (Welikanda
and Vakaneri) were unfortunately discontinued in recent

years.

The Meteorological Department has indicated that these
two stations can be reactivated shortly. The Welikanda
station should be upgraded to allow measurements of key
climatic parameters - temperature, wind velocities,
sunshine etc. = to aid in the operation of the project
and to provide basic data for agricultural research

workers.

Je2e2 Streamflow Data

Two stream gauges have been in operation on the Maduru
Oya in the recent past (see Table 3=3). The long period
over which no flow measurements were made (1960-1978)
was a source of coacern at the time of writing of the
Interim Report. Results from the program conducted in
1979 at Welikanda indicate, however, that only a minor
shift in the rating curve (about .15 m) has occurred
since flow measurements were discontinued in 1960. No
adjustments to the flows estimated from the old rating
pu=ve are justified. Further checking of the reliability
of :zhe rating curve would require provision to be made

for the safe measurement of flood flows, combined with

*» This period .as chosen by NEDECO for analysis of the
hydrologic records in the entire Mahaweli Development

Area. It has been used in this study to produce results

which are comparable to those computed by NEDECO.



TABLE 3-2
RAINFALL STATIONS LOCATED KEAR SYSTEM B

. PERIOD 0?‘ RECORD J— MISSING DATA
STATIOR NAME EEGIN END MONTHS  MAJOR PERIODS MISSING
Batticaloa Jan. 1869 - o}

Ekiriyankumbura Jan. 1943 July 1977 14 Aug. 1959 - Dec. 1959
Horsborawewa Nov. 1909 - 18 Feb, 1971 - Feb. 1972
Polonnaruwa Jan. 1940 - ] -
Trincomalee June 1869 - o] -
Vakaneri Oct. 1900 Nov. 1972 18 Jan. 1968 - Dec. 1968

Welikanda Jan. 1942 June 1973 21 Feb. 1967 - Jan, 1968



TABLE 3-3

SITSURY OF CHARACYERISTICS OF MALURY OTA
STATLIFLCY SAYGLEG STETIONS

STAGE OPSZRVATIONS

DRAINAGE

ARFA ~

Kn?)
LOCATION ( 1 BEGIN
Mndaru Oya 452 Feb. 1951
at On=kite
Faduet Oym
below .
Dusite &9 Jan, 1978
Haduru Oya
at Yelikanda 956 Feb, 1946

o
Sect. 1957

preseat

precent

1. "emured fron 1 Inch = 1 atle -~aps

2, Fatinsted ty extemilng rating esrvy teyand seanure4

3. NJA. - '3t Avsilable

15 m0aths

MAXTITUM
EST'D FLOW
(r3/sec) 2

&3

15¢co

FLOJ MSASURENENTS

BEGIN

Kov. 1951

Oct. 1778

av. 1953
Dec, 1978

Tanee and using the sbgerved stage

=0
Nar. 1957

presant

Jure 1950

presant

HAX.STAGS MaX.TLOd
[§139) (a3/ Sec.)
9.50 135
N.l.’ N.l.,
1.0 202
8.3 ”
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the establishment of supplementary staff gauges to allow
water surface profile calculations to be performed.

Flows at the Maduru Oya dam site have been estimated3

for the ungauged period using a regression equation
development with the flows at Welikanda as the indepen-
dent variable, The correlation coefficient

is high (R = .93), indicating a reliable relationship.

In view of the reassuring results of the 1979 check on
the Welikanda rating curve, the accuracy of the estimated
monthly flows at the dam site should be adequate for use

in reservoir operation studies.

3.3 Present Land Use

The availability of high quality up~to-date (March 1979)
aerial photographs, coupled with field investigations,
has facilitated the preparation of a map of existing
land use to a scale of 1 : 50,000. This map is
presented in Figure 4. Table 3-4 summarizes the areal
distribution of seven main categories. It is interesting
to note from this table that of the 123,800 hectares
total area thus mapped in System B, some 66,700 hectares
are still forest-covered, This forest cover is in the
process of active encroachment, as evidenced by the
considerable area - 32,800 hectares = affected by
chena or slash and burn activity. Not including the
3,900 hectares of rock outcrop, the remaining 20,400
hectares are variously committed to permanent settlement
small paddy farming, homesteads, large farms and

reservoirs.



TAELE -k
SUMMARY OF PRESENT LAND USE IN SYSTEN B,

Areas (ha)
» ‘Pereent
’ left Right .
Land Use Category Total of
Bank Bank Total
Paddy - Major Schemes, L,9o0 ) - L,900 k.o
- Minor Schemes
+ Rainfed 4,390 L,500 &,800 7.1
~ Sub total 9,200} 4,500 13,700 1.1
Chena 22,700 | 10,100 22,800 26.5
Forest- Dense Forest 1,000 200 1,300 1.1
- Medium Forest 31,800 18,000 L9, 802 4o.2
- Light Forest
(Park;and) 9,200} 2,000 11,200 9.0
- Plantation . 4,200 200 L, koo 3.6
- Sub total us,200{ 20,500 | 66,700 53.9
Homesteacs,settlements 2,600 300 2,900 2.3
Tanks,standing water 2,800 Loo 3,200 2.6
Rock outcrops 2,800 1,100 .2,900 2.2
Large fu'm53 600 | - 600 0.4
Total 86,900 | 35,900 123.80Q+ 100.0

Source : Interpretation of 1979 Aerial photdgraphs

Notes :

1.

2.

The project area excludes the Mahaweli flood plain, but
includes Pimburettewa, Vakaneri and Punanai Schemes.

Pimburettewa, Vakaneri and Punanai Schemes. Note that
Figure L does not include all of the Vakanmeri Scheme. The
tabulated figures have been adjusted to include the entire area.

Includes cocunut plantation, Cashew Corporation farm, Livestock
Board farm, Paper Corporation "Illuk Farz" - cultivated areas
only.

The gross area shown here differs slightly from that guoted
elsewhere for the project. This is due to the air photo
coverage being limited to about 94 percent of the project area.

e
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It may be concluded from this survey of p;e-ent

land use that existing human commitments in:the area
should not constitute more than modest comnstraints to
.development. On the other hand a major impact on the
natural environment is already making itself felt
through uncontrolled chena activity.

3.4 Communications and Access

The project area is traversed by the main road and
rail connections between Habarana (on the main route
from Colombo to Trincomalee) and Batticalos on the
east coast. Thus the principal point of entry to the
area in the west is at Manampitiya where the road and
railway cross the Mahaweli Ganga on a common bridge.

An all-weather road runs south from Manampitiya, via

the Pimburettewa development, to the Maduru Oya dam site.
Another road leads north from Welikancdia to Xandakaddu.

On the right bank,another all-weather road crosses the
area from east to west,reaching a point opposite
Welikanda. The ford across the ! 1duru Oya at this
location is only passable in the dry season. No
permanent bridge over the Maduru Oya yet exists upstream

from Valachchenai.

With a view to consiruc..on activity in System B the
general condition of thess lines of communication must
be regarded as poor. Upgrading of the Habarana =-
Polonnaruwa - Batticaloa road will be required and
duplication of the bridge across the Mahaweli at
Manampitiya is very desirable. The railway itself is,
basically, well suited to serve the project area,
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provided that sidings and terminal facilities at Manam-
pitiya and Welikanda are established. Apart from this,
investment in railway improvements should be concentrated
on upgrading of the signalling system, rolling stock and

traffic management.

Within the project area, of course, a consideratle
network of secondary roads will be required to serve
the ultimate development. This is considered in
Chapter 5 and Anmex I.

3.5 Existing Development

The greater part of System B area lies within the
administrative districts of Polonnaruwa and Batticaloa.
A very small part of the area near the dam site falls
within the district of Amparai. The boundaries between

these districts are shown on Figure 3.

The population of the area is approximately 25,000,

which indicates an average intensity of about 20 persons
per square kilometer. As may be inferred from Section
3,3 most of the economic activity is taken up by agricul-
ture., Two major tank schemes dominate : Vakaneri in the
east, which dates from the turn of the century ; and
Pimburettewa towards the southwest part of the area,
which has been developed within the past 10 years.
Limited commercial activity is apparent along the road
between Polonnaruwa and Batticaloa. Social services in

the area are below the national average.

Further discussion of the existing situation may be

found in succeeding chapters,
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4, THE PROJECT
4.1 General Description

The layout of the physical features of the Maduru Oya
Project is shown on Figure 11i. The irrigation works
are considered under the following headings @

-~ Headworks, comprising the dam and reservoir,
plus the link tunnel through which water is
diverted from the Mahaweli Ganga valley to

the reservoir.
« Main Canals.
« Tertiary Systems and Drainage.

« On-farm works.

It is evident that a share of the Right Bank transbasin
canal in the Mahaweli valley must also be considered as
part of the Maduru Oya Project.

The social infrastructure required in connection with
the settlement of some 40,000 families is described in
Chapter 5. The following paragraphs provide a concise
description of the irrigation works and studies related
thereto. Further details may be found in Annexes C
(Hydrology and Water Balance), D (Engineering Works)
and I (Settlement Planning) .«

As already discussed in Section 2.3 the magnitude of ‘
the irrigation works has been the subject of a series
of inter-related studies by CECB/ SOGREAg‘gnd NEDECO,
Thus, the following key dimensions were indicated on
the basis of irrigation water demands assumed prior to

the current, more definitive, land use studies
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Maduru Oya Reservoir Full Supply Level .. 95.50 m

Maduru Oya Reservoir Gross Storage .o 555 106m3
Maduru Oya Reservoir Live Storag: ee U467 1061::3
Link tunnel design capacity .o 34 m3/s
Left Bank canal design capacity .. 48 mi/s
Right Bank canal design capacity .o 35 m3/s

The present feasibility studies, based on up-dated water
requirements, serve to demonstrate the adeguacy of a
project baving the above dimensions to meet these demands.

4,2 Land Classification

Reliable land classification is a prerequisite for all
other studies related to the planning of an irrigation
project. The characterisation and delineation of lands
to be developed allows the agricultural, engineering
and socio-economic studies to proceed on a strong
factual base. The following paragraphs describe the
data base and methodology employed in the land classi=-
fication work carried out for this study, and present
an overall assessment of the land resources of the
project area. Further details are presented in Annex B.

4,2,1 Mapping

Medium intensity soils mapping, with overlapping
topographic mapping at scales of 1 3 5000 or 1 : 3168',

e The existence of these two scales reflects the fact that

Sri Lanka is in the process of adopting metric standards.

It will be some time before mapping originally processed
to Imperial scales is transformed to metric scales.

5o
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is available from the Land Use Division (LUD) of the
Irrigation Department for about 67 per cent of the
project area. The available coverage is shown in

Figure 5. The balance of the project area is covered

by a reconnaissance~level soils map prepared by the

FAO in the course of earlier studiesi. %ith
overlapping topographic mapping at a scale of 1 : 31,680,
The limitations imposed by this coverage are reflected
in thehland classification work reported herein. On
completion of semidetailed soils and 1 : 5000 topographic
mapping in early 1980, it is proposed that feasibility-

level land classification be carried out for the remaining

33 per cent of the project area.

4.,2.2 Soils

Fifteen great soil groups have been identified in Sri
Lanka, six of which occur in the project area.

1. The Reddish Brown Earths (RBE)

2. The Non Calcic Brown Soils (NCB)

3. The Low Humic Gley Soils (LHG)

4. The Recent Alluvial Soils (RAL) of the
Maduru Oya and Mahaweli Ganga

5. The 01d Alluvial Soils (OAL)

6. The Solodized Solomnetz Soils (SS)

The great soil groups have been divided for this study
into upland and lowland categories, on the basis of
natural internal drainage.

g\
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Upland Soils

The upland category consists of well to moderately well
drained RBE, NCB and upper levee bank soils. This group
" is never water-logged for any appreciable time during
the year. Large areas of shallow, steeply sloping
(slopes exceeding four per cent), gravelly or high (and
therefore uncommandable), Reddish Brown Earth Soils
occur. The shallow and moderately shallow phases are
unsuitable for irrigated agriculture. The freely to
moderately freely drained Reddish Brown Earth soil
series are the Wilayaya, Manampitiya, Ulhitiya and
Muthugala Series.

The well to moderately well drained Non Calcic Brown
Soils identified by LUD are the Maduru and Welikanda
Series. The Maduru Series consists of moderately deep,
dark greyish brown to pale yellowish brown, loamy sand
to sandy loam with some manganese concretions and gravel
over impermernble, quartz-rich, acid rock. A high
percentage of the sand is coarse. A second series, the
Welikanda Series, occurs where the clay content in the
subsoil exceeds fifteen per cent. This soil is darker
in colour and may represent a transition zome to the
brown phase of the Reddish Brown Earths.

Also included in the category of Upland soils, but of
alluvial origin, is the moderately well drained,
narrow Maduru Oya levee so0il, It is known as the
Bulatiebbe series.

Lowland Soils

The imperfectly drained soils are naturally water-
logged throughout the rainy season and well into the
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dry season. Some of the soils mapped in this group
will be unusable for agriculture during some parts of
the year unless flooding can be controlled.

" The imperfectly drained Reddish Brown Earths occur as
part of the catenary sequence of which the freely
drained Wilaya&a, Muthugalla, Manampitiya and Ulhitiya
Series form the upper members. Four series « the
Alawakumbura, Mawa Kulam, Horaborawewa and Padumunda

Kulam - have been identified.

The imperfectly drained Non Calcic Brown Soils” are

represented by the Maduru variant, known as the Galwewa
Series. A second series, the Boattewewa, is a variant
of the Welikanda Series and has a slightly higher clay

content.

The lowest lying group of soils consists of imperfectly
to very poorly drained Recent Alluvial, 0ld Alluvial,
Low Humic Gley and Solodized Solonetz soils. Recent
Alluvials associated with the Maduru Oya are the Timbiri
Aru, Odigar Villu and Beliannewala Series.

The 0ld Alluvial soils in old tributary wvalleys vary in
texture and drainage. Whereas the Ulpothawewa Series

is an imperfectly drained, pale brown to greyish brown,
sandy loam underlain at about 60 cm by gleyed sandy clay
loam ; the Moogamana Ela Series is a poorly drained,
gleyed grey to dark grey sandy clay loam with a thin
sandy loam layer on the surface. The Kumarapuragama

and Arasanagar Scries are deep, medium to coarse sands
with the first being well drained and the second
imperfectly drained.
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The Solodized Solenetz Soils, which occur on nearly
level land, comnsist of light brownish to white sand,
overlying grey to olive grey, mottled alkaline clay
which sometimes shows a columnar structure. The
Pochchakadu Series is comsidered to be slightly better
drained than the poorly drained Vakaneri Series. These
soils occupy under one per cent of the area mapped to

date.

The remaining lowland soils are the Low Humic Gleys
that occupy the valley bottoms. Three poorly drained
series have been identified : Mniladenifa, a deep
loamy sand over sandy clay loam, and the Kuda Oya and
Damanawila Series - both sardy clay loam over sandy

clay in texture.

4,2.3 Land Classification

The approach to land classification used in this study’
follows the general principles laid down by the United
States Bureau of Reclamation (USBR), with modifications
where necessary to meet local requirements and maintain
consistency with studies of other projects in the

Mahaweli Scheme. In-formulating the criteria for land

classification, the following assumptions were made @

(a) Most of the area and irrigation water would be

given to annual crops.

(v) Surface methods of irrigation (furrow or basin)

would be used.

(e) Where drainage is not restricting, a variety of
upland crops would be grown (i.e. on the soils

of.the dpper slopes) ; where drainage is

/\{-
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restricting, paddy would be the main crop
(i.e. on the soils of the lower slopes and

bottom lands).

Perennial crops - and homesteads - would
preferably be located on land classed as

unsuitable for annuals.

While deviation from these assumptions might
be considered, such deviations would be occasional
and thus warrant special attention at the detailed

project planning stage.

Thus, the land classification is based on two broad groups

(1)

(2)

Upland (designated "U") for moderately well to
well drained soils of the upper slopes, and

Lowland (designated "R") for the imperfectly,
poorly and very poorly drained soils of the lower
slopes and bottomlands,

Within each group there are three land classes

Class 1

Class 2

Soils with no or minor limitations to annual
cultivation, capable of producing good yields
with minimum expenditure.

Soils with moderate to moderately severe limita-
tions to amnual cultivation, but capable of
producing reasonable yields with acceptable
levels of expenditure. These s0ils require
higher land development costs and/or inputs of
fertiliser and water than those of Class 1, and
returns may be appreciably lower. Limitations
imposed by soil type or depth are designated by



- 25 =

the subscript "s", while topographic limitations
(the most important of which is slope) are desig-
nated by the subscript "t".

Class 6 All soils that do not meet the criteria for Class
41 and 2. This includes both arable and non-arable
land. Non-arable land is designated "6N" and
includes rock, roads, tank bunds, tanks and water=-
courses. Potentially arable land is designated
ngu" or "6R", and includes land that may or may
not have agricultural potential, depending on
the severity of the limitations.

The freely draining Reddish Brown Earth soils have been
assigned a basic land class of "1U" when soil depth or
topography are not limiting. The higher clay content
series of the Non Calcic Brown soils have been assigned
basic "205" (the Welikanda Series) and "2R" (the
Boattewewa Series) land classes, while the low clay
content series have been assigned to Class 6. The low=
land soil series having physical and chemical character-
istics which render them suitable for lowland paddy
cultivation have been assigned basic land classes of
"4R" or 2Rs"‘ The sandier series which have unsuitable
physical and/or chemical characteristics have been
assigned to Class "6R", due to their much higher water

requirements and lower potential productivity.

Table k-1 summarises the distribution of the upland and
lowland land classes, according to the Map Areas shown
in Figure 5. The limits of gravity command by the
irrigation system are accounted for in this table, =0
that the areas in the Upland ("1U" and "2U") and Lowland
MR" and "2R")land classes represent the gross areas
available for irrigation by gravity. It should be noted
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that the information presented in this table is based
on feasibility-level land classification over 67 per
cent of the project area (Map Areas 1, 2, 3B and 4),
and reconnaissance-level land classification over the
. balance (Map Areas 3A, 3C, 5A and 5B). The estimate
of irrigable land under gravity command for the latter
area will be revised in early 1980, as a prerequisite
for the issue of the Final Report.

The areas of irrigable land shown in Figure 6 and
summarised in Table 4-1 indicate that the project area
is dominated by land suitable for lowland paddy cultfi-.
vation. Land classed as "1U" and "2U" occupies only
25 per cent of the total irrigable area under command,
Furthermore, these upland areas occur in small,
scattered blocks throughout the project area. The
largest contiguous block is under 400 ha in extent, and
only 6,670 ha of the 12,780 ha area classed as "1U" or
"2U" occurs in blocks of over 40 ha. This will have
important implications in selecting cropping and land
holding patterns in the uplands.

k.3 Water

The influence of the hydrological cycle on the Maduru

Oya Project can be considered under two main headings -
water reguirements and availability for irrigation, and
flood hvdrology. The first topic relates to the assured
provision of irrigation water to allow full agricultural
potential to be reached, while the second relates to the
evaluation and accomodation of the effects of storm events
on cropping potential and engineering design,

R
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5,3.1 Ifrigation Water Requirements
The computation of monthly crop water regquirements for

the 1950 - 1977 simulation period adopted by NEDECO3

was basaed on the following generalised equation

L3 » -
ETc + 1P + P « ER (1)

Water Requirements (mm) =
e

Where : ET; = Crop evapotranspiration (mm)

Land preparation requirement (mm)

&

Deep percolation losses (mm)

o]
L]

e = Overall efficiency factor

This equation was solved for five different land class
types - ome upland, two .lowland (Classes "1R" and "2R")
and two flood plain (Classes "1R" and n2R"), Effective
rainfall for the 28 year simulation period was calculated
for paddy lands using a formula developed by the LUD,

and for the uplands using the approach outlined in FAO
Paper 243 The key assumptions underlying the calculation
of the project water requirements are summarised in
Table 4-2, while the total monthly water requirements

for System B are shown in Table 43,

4.,3.2 The Water Supply

Quantity

The irrigation water demands presented in Section 4.3.1
are much larger than the available water supply in the

*» The derivation of these parameters is explained in
Section 6.2.%

\r)
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UMMARY OF XEY ASSUMPTIONS USED IR COMPUTING WATER REQUIREMENTS
LAND CLASS GROUPING

ris (ha)
a1 Preperation (mm)
‘ey-olation Rate (mm/day)

salculation of Effective
- ninfall

‘arm/distribution
* fficiency

{= anal Efficiency

werall Efficiency

otes: 1. LUD Formula ¢

LOWLANDS FLOOD PLAIN
1R 2R A 1R 2R
41,480 15,850 2,240 2,320
180 180 180 180
3 6 3 6
|
LoD Fomll.‘ LuD Fomuh1 LD ?omh_l PR Fomuh“. FAO Pmper 2
.70 .70 .70 .70
.90 .90 .50 .90
.63 .63 63 .63

ER (mm) = .67 {(MR-25) Max. ER = 225 mn

UPLANDS

10 + 2U

5,460

75

.50
.90

45
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Maduru Oya basin. The approach taken for this study is
to allow for the diversion of sufficient water into the
Maduru Oya reservoir to supplement the nacural flows.
The combined inflows will be re-regulated, using the

~ storage provided by the Maduru Oya reservoir, to supply
the irrigation water requirements computed for the full
development area. The recent NEDECO studies

have confirmed that there is sufficient surplus water
available in the Mahaweli basin to permit the diversion
of the quantity of water likely to be needed for the
Maduru Oya Project.

Quality

Limited water quality data are available for the Maduru
Oya and Mahaweli basins. Additional testing of

water samples is being carried out as part of the USAID=-
sponsored environmental study of the Mahaweli Scheme.
Initial results from the latter program and the analyses
available from other sources indicate that the potential
water supply is of good quality. Electrical conductivity
levels are below 170 Pnhos/cm in the Mahaweli and below
300 Pnhos/cm in ‘the Maduru Oya. The maximum computed
Sodium Adsorption Ratio (SAR) is 2.25. According to

the standards published by the US Department of
Agriculture6(USDA) and the Food and Agriculture Organi~
sation of the United Nations (FAO%, the combination of
Mahaweli and Maduru Oya water which will irrigate the
project area should fall into the "no problem" category
for both salinity and sodium hazards. This, combined
with the heavy Maha rainfall and basic drainage provisions
to be incorporated into the project design will render
water quality problems unlikely.
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4,3,3 Water Balance

In a development project which is as complex as the
Mahaweli Scheme, the first objective should be to

. ensure that limited water resources are being used to
the best advantage. Thus the decision as to whether
System B should receive Mahaweli water should be made

in the context of other opportunities to use it. The
NEDECO and CECB/SOGREAH studies have addressed this
question and confirmed that water use in System B at

the proposed level of development constitutes an
economical use of the resource. These studies also led
to the decision to fix the headworks design parameters
at the levels quoted in Section 4.1, The prime objective
of the water balance analysis conducted for this study
has, therefore, been to verify that the headworks are
capable of delivering a reliable water supply to satisfy
the newly calculated water requirements.

Table k-4 summarizes the results of simulation runs
which were executed by MDB staff, using the NEDECO
computer program, The program considers the interaction
of Systems B and C, given a set of upstream regulation
conditions. These runs allow the following conclusions
to be drawn

(1) At full development, with the Victoria and Kotmale Dams
providing upstream regulation, the full demands
of Systems B and C can be met, with minor
shortages., The shortages which were computed
for System B during the hydrological sequence
used in the simulation program would have
resulted in a 15 per cent Yala crop loss in
one year, and 2 - 8 per cent Yala crop losses



TABLE &l

SUMMARY OF SIMULATION RESULTS

AVERAGE
MINIPE R.B. LINK UPSTREAM ANNUAL
CANAL TUNNEL  REGULA- SPILL AT  SHORTAGES IN
IRRIGATION DEMAND LEVEL CAPACTTY CAPACITY TION MADURD OYA SYSTEM B
Years., Voluze
System B Systex C (m3/aet:) (p3/sec) (‘IO6 m}) F2 (106 2)
m
Full Demands Full Demands 62.0 34 Victoria, 232 L 161
Kotmale
Full Demands Full Demands 55.8 34 Victoria, 192 1 695
Kotmale
Full Demands Full Demands 68.2 34 vietoria, N.h., o o
Kotmale
50% Demands  50% Demande 62.0 34 Kotmale N.A., o °
only

. Notes : (1) Basic Conditions:

(2)

(3
()

- Maduru Oya Reservoir FSL = 95.5 m Live Storage = 467 x 106 n3

-~ System C demands - the "Sugar Option".
Of a possible total of 2B years in the simulation period.

Total ahortage volume over the 28 year simulation pefiod.

Not available. Run executed with incorrect rule curve. Annual spill
figures not correct.
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in 3 other years. Thus average Yala crop
production would be 99 per cent of potential
production over the simulation period.

(2) Reduction of the capacity of Minipe Right Bank
Canal by 10 per cent causes larger shortages to
be simulated in System B,but none in System C,

(3) Before the Victoria Dam is completed, 50 per
cent of the ultimate demands of both Systems B
and C can be met with acceptable shortage
frequencies. The implementation schedules of
both projects can be drawn up to reflect this
condition, which will occur for the last time
in Yala 1984,

It should be noted that the water demands of System C
during the peak usage months of May, June and July have
a significant influence on the behaviour of the Maduru
Oya reservoir. During these months, the quantity of water
available for diversion through the link tunnel is
reduced to a level below its hydraulic capacity. Since
these are months of low natural reservoir iaflows and
high System B irrigation demands, the quantity of water
diverted through the tunnel will directly affect the
minimum reservoir level, which is normally reached at
the end of July. A 20 per cent increase in May=-July
water demand in System C would, therefore, deprive
System B of the same amount of water - an average of 62
million cubic metres per year. The frequency and
magnitude of shortages in System B would increase as

a result,
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4.3.4 TFlood Hydrology
The Maduru Oya

The Maduru Oya dam will control the runoff from some

47 per cent of the drainage area at Welikanda. It can
be expected to provide substantial flood control benefits
in the flood plain area, particularly in the reduccion
of the magnitude and duration of persistent flooding
during the Maha season. More intense flood peaks will
be affected less, since the effects of an intense storm
event on the smaller watershed area downstream from the
dam will be to cause a larger peak flow per unit area
than would have resulted from the same storm over the

entire catchment.

Hydrological studies were conducted, using the unit
hydrograph approach, to determine the influence of the
dam on flood peaks of sufficiently high probability of
exceedence to be used in agricultural planning. In these
studies, it was assumed that any spill from the dam would
make no contribution to the flood peak, due to the
probability of a low initial reservoir level and to the
delay in peak occurrence to be expected by routing the
flood through the reservoir. An examination of reservoir
operation simulation runs confirmed the practicability
of operating the reservoir to allow full attenuation of
minor (up to ten year average recurrence interval) floods.
The unit hydrograph analyses indicated the following
effects on flood peaks at Welikanda :

éEEEEEETEEEEEEEEEE Before Dam After Dam
Interva e ——————— ———————
5 years 907 m3/aec 677 m3/sec
10 years 1190 m3/sec 875 m3/sec
25 years 1590 m3/sec 1130 m3/sec
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Topographic and rating curve information (available

only for the area upstream from Welikanda at the time

of report preparation) indicates that the reduced 5 and
10 year peaks would still cause significant damage to
crops, particularly in the area close to Welikanda,

where the narrow flood plain will result in greater

flood depths, more rapid rates of water level increase
and higher flow velocities. Flood records at Welikanda
were therefore examined to determine whether late
transplanting of the Maha paddy crop, combined with the
flood control benefits from the reservoir, would allow
productive cultivation of the lower flood plain area.
These studies indicate that the flood peak which can be
expected to occur on the average once in 5 years after
January 15 is only 300 m3/5ec, versus the "pre-dam, whole
season" 5 yeur peak of 967 m3/5ec. The former flow would prob-
ably* result in very minor flooding in the lower flood

plﬂ.inc

The Mahaweli Ganga

Flow records for the Mahaweli Ganga at Manampitiya
indicate that inundation of the flood plain under present
conditions lasts for as long as three months in the Maha
season. Widespread inundation typically begins in late

October, and often lasts until late January.

The ultimate potential of the Mahaweli flood plain would
depend on the following important factors, none of which
can be accurately determined at this time :

(1) The location of the System A weir. If the
originally envisaged site near Kandakaddu is
chosen, backwater effects from the weir will

» This is to be confirmed by hydraulic analyses which

can only be performed when complete topographic mapping
for the flood plain is available.
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modify the flood regime. The extent of this
modification will be intimately related to the
configuration of headpond dykes. If the site

at Kalinga Nuwara is chosen, the System A Main
Canal will run along the edge of the flood plain,
isolating it completely from System B.

(2) The degree of flood regulation to be achieved by
the main stem reservoirs to be constructed
upstream. This will depend on reservoir sizes
and flood operating policies, neither of which
have been finalised for most of the reservoirs.

(3) The flood plain is now an important gragzing and
wildlife area. A strong case can be made for
preserving it as such,

The Mahaweli flood plain was excluded from the irrigation
development area for purposes of this study because of
these factors. Future activities in the area are assumed
to be compatible with annual long duration flooding.

Small Catchments

Frequency analysis of storm events was conducted for
several nearby rainfall stations and the results compared
with a regional storm rainfall frequency studys.
Rainfall intensity - duration = frequency curves are
presented in Annex C for use with unit hydrograph or
similar methods in the design of major drainage
conveyance works. Minor drainage channels can be

sized in accordance with locally established unit storm
water duties, which are documented in Annex D.
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4,4 Irrigation Works
4,4,1 Headworks
Right Bank Canal and Link Tunnel (Figures 8 and 9)

In the Mahaweli Ganga valley the existing anicut at
Minipe serves a centuries-old irrigation system on the
left bank of the river. Ii is planned to replace this
anicut with a new diversion structure which will serve
not only the Mahaweli left bank but also, via the Right
Bank Transbasin Canal, Systems B and C of the Accelerated
Development. The Right Bank Transbasin Canal leads to
the Ulhitiya and Ratkinda reservoirs vhich are inter-
connected, and to this point the canal is a common
feature of the irrigation works for these Systems. The
Ratkinda reservoir forms the headworks for the northern
part of System C and also for the link tunnel leading

to the Maduru Oya reservoir.

The link tunnel has a length of 5.7 km between portals.
It has a modified "D" type horseshoe section, 5 m by 5 m,
and is unlined except for the concrete-paveh invert.

The tunnel is designed to operate under low pressure with
the control gate at the downstream end.

The tunnel is approached through an inlet channel 900
metres in length, designed so that the planned maximum

flow of 34 m%/s can be passed when the Ratkinda reservoir
is drawn down to its minimum working elevation of 104.42 m.
The intake structure incorporates trash racks and provision

for stoplogs.

Exploratory drillings have indicated that the rock,
principally granite gneiss, is sound throughout the
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length of the tunnel, with the exception of the portal
areas where the diminished cover introduces the likeli-
hood of some weakness due to weathering. This situation
is normal and the effects are minimized by locating the
tunnel so that deep cover is reached as soon as possible
after entrv. The only other area of some concern is near
the downstream end of the tunnel where it passes through
two delerite dikes. Provision has been made for fully
lining the tunnel in this area.

The downstream portal structure houses a control gate

with electrically operated hoist. A short open channel,
paved to resist erosiom, conveys the tunnel discharge

to the Vila Oya, a tributary of the Maduru Oya. Provision
bhas been made for the improvement of the natural channel
of the Vila Oya to take the tunnel flow.

Dam and Reservoir (Figure 10)

The site of the Maduru Oya dam'is clearly dictated by
topography. The range of hills striking in a south-
easterly direction across the valley, referred to in
Section 3.2, is pierged by the river at a point 33 km
south of Welikanda. This creates a narrow gap which,

superficially, forms an attractive dam site.

The main rock types observed at the dam site are quartzo=-
felspathic gneiss, calc-gneiss and hornblende biotite
gneiss, Geological exploration has been carried out,

by means of trenching and core drilling. These investi-
gations indicate overburden ranging in depth from 2 to

10 metres, below which the tedrock may be affected by
weathering to depths generally in the range 2 to 8 metres.
Weathering occurs to a depth of over 20 metres on the
left flank where the bed rock consists of calc-gneiss.
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Three types of dams have been considered during the
course of the studies : earthfill, rockfill and
concrete gravity. It was concluded that the earthfill
option was less favourable than the other two, but
.comparative cost studies failed to show a clear advantage
between the rockfill and concrete gravity dams. It was
therefore decided to prepare tender designs and
specifications for both these alternatives so that a
final choice could be made on the basis of firm

tendered prices. More recent studiesg, taking into
account the rapidly increasing price of cement in Sri
Lanka, have indicated a widening margin in favour of

the rockfill altermative. For the purpose of this
report, therefore, the folowing description and engineer!'s
cost estimate are based on the rockfill dam.

The proposed rockfill dam incorporates a central
impervious core protected on each side by filter =zones
of appropriately graded material. The main shell of
the dam comprises rockfill obtained from an adjacent
quarry and compacted in layers. The maximum height of
the dam is 40 m and the crest length 1008 m., The crest
of the dam is set at E1 101.0 to allow for a flood rise
of 1.9 m plus a 1,6 meter margin for wind set-up and

wave action.

On the downstream face, a 10 metre wide berm is formed
to carry the future public road leading from the right
bank to Manampitiya. If more detailed location studies
indicate that the road should preferably be carried on
the crest of the dam, the design can be readily adapted
with insignificant changes in overall cost.

The spillway is designed to pass the "Maximum Probable
Flood", under which conditions the estimated surcharge
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is 1,9 m, as noted above., The spillway takes the form
of a simple ungated overflow weir located on the left
abutment of the dam. This weir discharges into a chute
which returns the flow to the river channel immediately

downstream from the dam.

Two saddle dams are required to ensure closure of the
reservoir rim at Elevation 101.,0 m. These embankments
are formed of compacted homogenous fill protected on

the upstream face by rip rap.

Irrigation Outlets and Power Plants

On the right bank, a reinforced concrete intake structure
is founded on bedrock at the upstream toe of the dam
embankment. This structure incorporates trash racks

and a closure gate. From the bottom of the intake
structure, a reinforced concrete pressure conduit 4 m

in diameter and founded on bedrock, leads to a powerhouse
structure located at the downstream toe of the dam.
Immediately upstream from the power house the pressure
conduit bifurcates, one branch feeding a conventional

2.4 MW Kaplan turbine generating unit and the other
branch forming the irrigation outlet controlled by a
2,6m x 3.5 m steel gate., In normal circumstances
irrigation deliveries will be passed through the
generating unit. The separate irrigation outlet acts

as a bypass when the generating unit is shut down for

any reason. The tailrace from the powerhouse and
irrigation outlet leads directly into the Right Bank
Main Canal, where a side spillway permits the return

of surplus water to the river.

On the left bank, a natural depression is deepened to form
a channel capable of passing the maximum left bank irrigation
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demand (48'm3/s), when the reservoir is drawn down to
El 83.0 m. At a point some 2.7 km from the left
abutment of the main dam, this channel is blocked by

a closure dam having a wide central impervious core
with rock fill shell, This dam incorporates a
reinforced concrete intake structure from which a 4.5
meter diameter pressure conduit feeds the Left Bank
Powerhouse. The powerhouse incorporates an irrigation
bypass similar in function to that on the right bank.
The power installation comprises two Kaplan units, each
of 2.4 MW capacity.

The output of each power plant is stepped up from 6.6
kV (generation voltage) to 33 kV. The Right Bank
power output is transmitted at 33 kV to a switching
station adjacent to the Left Bank plant, from which

33 kV lines lead to Manampitiya (there connecting with
the existing 33 kV system) and to Mahiyangana at the
southern end of System C,

Status of Headworks Design

The design of both the link tunnel and the dam has
been carried to the tender stage?* The designs,
technical specifications, and tender documents have
been scrutinized by an Engineering Review Board
appointed by CIDA. Modifications mutually agreed upon
by the Board and the consulting engineers have been
incorporated. At the time of writing, tenders are in
the course of preparation by three groups of Canadian
contractors.

* This figure has been revised to 5i& m3/s, based on
updated calculations of water requirements.

**The Central Engineering Consultancy Bureau (CECB) has
been responsible for the completion of designs and
tender documents for the dam, while Acres International
Limited has had similar responsibilities for the link

tunnel.
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4,4.2 Main and Branch Canal Systems

The location of the main and branch canals on the left
and right banks is shown on Figure 1i, The c¢ommand

level at the upstream end of each system is E1 77.70 m,
and the maximum rate of delivery into each system is.:

Left Bank system : 54 m3/s

Right Bank system : 26 mj/s

The project area has been divided into three approximately
equal Sectors. Sectors 1 and 2 are located on the left
bank and are expected to be developed in sequence.

Sector 3, the right bank area, is expected to be developed

last.

Consideration was given to the question of whether or
not the canals should be lined in order to minimize
leakage., For a given set of conditions lined canals

will cost more than unlined canals., The amount of this
additional cost is,to a certain exten%,mitigated by
various hydraulic conditions such as limiting velocity,
shape of cross section etc. However, these same factors
lead to the conclusion that it is wvirtually impracticable
and certainly undesirable to design an unlined system
with a view to lining it in the future if leakage proves
excessive, All the data availalie when the canal designs
were being prepared indicated that the materials in
which the canals would be locuted were quite pervious

and that leakage from unlined channels would be excessive.
For the purpose of the feasibility study, therefore, it
was decided that the design should be based on canals
lined with concrete.

* These delivery rates are based on the crop water require-
ments presented in Section 4,2, and differ somewhat from
the flows used to design the main canals (see Table 4<5).
The difference for the Left Bank Main Canal is not signi-

ficant, The re-design of the Right Bank Main Canal, to be

ppdertaken in early 1980, will be based on the updated design

Py
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A program of field investigations, involving the digging
of test pits and the performance of infiltration tests,
was initiated during the preliminary design phase. Results
from these investigations have been meagre up to the time
of writing. There are some indications, however, that

the permeability of the soils may not be as high as
originally supposed. It is therefore recommended that

the tests should be pursued and the question of lined
versus unlined canals reviewed during the definitive
design stage, as discussed in further detail in Annex D.

Summaries of the particulars of the main and branch
canals are given in Table 4-5. The general design of

the main and branch canal system follows wellwestablished
practice. In overburden,the trapezoidal sections have
sideslopes of 1V to 2H. In rock cuts, the canal is left
unlined and the rock excavations are battered at 6V to
1H, Cross regulators are lécated at 2 to 10 km intervals
along the line of the main canal. The canal =tructures
are of conventional design.. For reasons of -;fet%, the
maximum velocity is limited to 1.5 m/s.

4,4,3 Tertiary Irrigation and Drainage Systems
Sample Areas

Designs of tertiary irrigation delivery and drainage
systems have been developed for sample areas which are
representative of conditions encountered in various
parts of the project area. Layout features, system
costs, settlement patterns and infrastructure require-
ments determined from the sample areas were used as

a basis for extrapolation to the remainder of the

project.



TADLL -5
DESISE FZATURLS OF MAIN AND BRANCH CANALS

KYDRAVLIC STRUCITIES

LINGTY UPSTREAN CRISS PAJOR . COTHERS,
EZSIGN RESULA-  OFFTAKES ‘
F.0¢ T35
(k) (l}/ae:) (Nos.) (Nos.) (lios.)
left Bank Sector 4
Tallrazy Caaal 2.1 &8 ¢} 1
Yaio Ceral 1.7 48 6 4 $
Bransh CaraZ Ne.d 7.6 Wb 1 - -
ranen Caral No.7 17.9 4.5 1 - -
Brsnchk Caxal "D 6.7 L8] 1 - -
Branch Cama) "I" 3.9 2.0 1 - -
Sub=-total Sector 1 75.7 - 10 & 6
Le?: Bane Sector ?
Main Canal 23.6 3 7 8 ?
Branch Canal No.2 2.4 2.3 1 - -
Branch Cazal No.3 7.2 2.5 1 - -
Branch Canal Mo, 2.2 2.5 1 - -
Branch Canal No.5 2.8 2.2 1 - -
Branch Canal No.6 22.1 7.0 1 - -
Branch Capal "A“ 2.0 1.5 1 - 0 -
Sranch Cazal "2" 4.9 1.5 1 - -
ranch Capal “C" 3.2 1.5 1 - -
Sub-total Sector 2 70.4 - 15 8 7
Rishe 3a:.: Scctor 3
Main Canal 51.7 35 2 2 7
Branch Canal iia.1 21.2 5.0 1 2 -
Branch Canal No.1A &2 2.0 1 - -
Branch Cazal No.1B 2.7 1.0 1 - -
Branch Canal Ne.2 6.0 2.C 1 - -
Sut Total Seczor 3 85.8 - 17 4 ?
Grazd Total 231.9 - b2 16 20

1. Desist flows were bosed or preliciiary escioates of water requirenernts.

2, Kuds Oya level crossing, siphon st rasilwey, bridges across main canals.


http:MtainCar.LZ

- 41 =

For this issue of the Feasibility Report, the number

of possible sample areas was restricted by availability
of land classification and topographic mapping. Two
sample areas, the location of which are shown on Figure
11, have been examined in detail to date. The final
issue of the Feasibility Report will incorporate a
minimum of three additional sample areas.

Sample Area 1, located in Sector 1 to the north of the
Pimburettewa Scheme, is representative of the paddy-
dominated parts of the project. It is served by Branch
Canal "F", which takes off from Km 22.5 of the lLeft
Bank Main Canal. It has an overall area of 820 ha, all
of which is within gravity command. Some 460 ha are
allocated to paddy farmers in 1 ha plots, while the
remainder is either occupied by irrigation canals,
roads, etc. or is classified as non-irrigable.

Sample Area 2, which is located in Sector 2, is repre-
sentive of those parts of the project having substantial
irrigable upland areas. It is served by Branch Canal
No.4, which takes off from the Left Bank Main Canal at
Km 45,5. It has an overall area of 2260 ha, 2000 ha

of which is within gravity command. Irrigable land

in the area can be allocated to farmers as follows :

- paddy farms : 730 ha
- upland farms ¢ 290 ha
- Total area allocated :1020 ha

Design Features

Separate delivery systems are recommended for upland
and lowland areas, along the lines suggested by Hunting
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Technical Services Limited for System C9. The following
design features have been adopted, based on analysis of
the sample areas, laboratory and field tests of soil
characteristics, and past experience by the Irrigation
Department and MbB.

(a) Distributary Channels (Capacity 0.28 - 1.0m3/sec)

- The channels are unlined, except at bends
-which are protected by mortared precast slabs
to minimize erosion,

~ The minimum bed width is 0.30 m, with side
slopes of 1H : 1V in cut and 1,5H : 1V in £ill.

= The land reservation of 20 m now used by MDB
is adequate for the canal and maintenance road.

- Control structures are spacued to allow Full
Supply Level (FSL) to be reached in the off-
take at the farthest turnout when the
Distributary Channel is operating at 2/3 of
the design flow depth.

~- Typical designs used by MDB for minor structures
are adequate. The quality of construction of
small structures in System H has been poor,
however. Improved construction supervision will
be required, particularly if small contractors

are used.

- Flow measurement at each structure is made
possible by the installation of gate scales
and staff gauges,

(b) Sub=distributary Channels (Capacity up to 0.28 m3/aec)

= The channels are unlined.



(c)

(d)
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= The land reservation of 20 m, adopted in this
study, is probably excessive. Some additional
lands could be made available for irrigation

by reducing the reservation to 14 m.

= Other design features as for Distributary
Channels.

Field Channels (serving areas of 12 - 20 ha)

= Turnout areas are bounded on the dowaslope
side by drainage channels, either natural
or artificial.

= A cart track is provided along each field
channel, to provide road access to each farm.

~ The land reservation of 10 m, now used by
MDB and adopted in this study, is probably
excessive. Reduction to 7.5 m should be

possible.

Drains - Lowlands

~ The objective of drain design in paddy areas
is to prevent flood damage, permit annual
flushing of the fields, and ensure a water
table level that is high enough to permit

economical water use.

~ The layout is such that every i=ha plot can
drain into either a natural or artificial
field drain.

~ Field drains are designed for a discharge of
at least 8 litres/sec/ha.

~ A minimum drain depth of 0.60 m is assumed.

r'\c\ ’
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(e) Drains - Uplands

~ The objectives of drain design in the upland
areas are to prevent flood damage and to allow
control of the water table level.

= Field drains having a minimum depth of 1,2 m
and spacing of 100 m have been assumed. They
discharge into a 1.2 m deep contour drain
which runs along the bottom of the upland
area. This drain discharges into the delivery

system for the lower paddy areas.

= The discharge capacity of the drains should
be computed using recognised soil drainage
formulae, and checked against a storm drainage
flow of 10 litres/sec/ha.

(£) Secondary and Major Drains

~ These drains will be formed out of existing

watercourses,

« Where these drains run through paddy land
they are to be cleared, realigned, and deepened
to improve their hydraulic characteristics
and to enable reclamation of valuable land
for cultivation.

Estimation of Net Irrigable Area

Table 4-1 presents a summary of total irrigable land
available under gravity command., To estimate the net
irrigable land =~ that land which can be allocated to
farmers =- the following losses must be taken into

account :
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= areas prone to serious flooding (paddy

areas only) ;

- small isolated areas which will not be

served with water ;
~ dirrigation and other infrastructure ; and

- areas occupied by existing communities

(upland areas only).

.Tables 4=6 and 4-7 summarise the calculations performed
to estimate net irrigable area for paddy and upland areas
respectively. For the paddy areas, the estimate of
loases due to persistent flooding was based on hydro-
logical analysis and discussions with MDB regarding
probable pasture reserves in the flood plain near
Welikanda. For the areas further downstream, approximate
allowances were made pending receipt of topographic maps

and the completion of hydraulic analyses. Isolated area losses

were taken as 2 per cent, while irrigation and other
infrastructure losses were taken as 14 per cent:

For the upland areas, only those blocks having areas
exceeding about 40 ha were considered to be manageable

as independent irrigation units. Losses for irrigation
infrastructure were taken as 18 per cent, to reflect the
greater land losses in the uplands to social infrastructure

(major roads, etc.).

4.5 Schedule and Cost Estimates

It is envisaged that construction of the various main
components of the irrigation project will be undertaken

as follows :

* This figure is based on analysis of the sample aress,
assuming MDB's land reservation allowances, A reduction

to eleven per cent is theoretically possible, if smaller
reservations are adopted.,



TabLE Ser

EXEMATION 00 HET RGLGANLE AMEA « PADDY LANYD

AREAS 1N 1000 fia

CROSS LRWIGIPLE LO3SES - FLOODED LOSIES - ISOLATED  LOSSES - TRaIS. NET IRNIGADLE ARFA
MaP AHUA TN COMAND AKE.S INFRASTRUCTURS
IMR AREA R 30 EL] LL] m 2 R °n R 2R Torar
R « 7R
—r,
.1 6.70 .0 0.68 0.1 0.10 0.85 0.71 5.11  4.29 9.40
1 6.76 5.1C 0.68 0.12 2.10 0.85 0.7 5.11  4.29 9.k0
2 2,02 2.3 0.04 0.05 0.28 o.35 .70 2.13 3.83
3 1.1% 1.34 0.2 0.0% 0.16 0.18 0.97 1.1y 2.10
3n 2.3 3.03 0.05 0,06 0.32 0.4 1.95 2.55 &.50
o 0.60 1,11 0.20 0.0 o.00 0.06 0,19 0.%%  1.10 1.4y
2 6.09 5.20 .29 0.12 0.16 0.2 1.13 895 6.91 11.86
L] 1.3 L.G8 0.40 0.10 0.0} 0.9 0.20 0,6% 1.19  3.85 5.0k
SA 2.48 2.92 0.20 0.0 0.06 0.32 0.k 1.91  2.46 .37
5B 0.66 0.78 0.01 0.7 0.09 0.10 0.56 0.66 1.22
3 "% 9.33 0.67 0.10 0.9 0.17 0.61 1.4 3.6 6.97 10.63
Total 17.81  21.av 1.2 0.10 0.33 o.h) 2.28 2.98 13.72 18,17 31.89

KNote: Excludes Pintusct tewn, Yikanery

azd Punanai Schemes
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ESTIMATION OF NET IRRIGAME ARFA - UPLA;IDS

LARGE UPLAND ALOCKS SIHALL UPLAMD BLOCXS
WAP  GROSS IRAIGARLE  GROSS AXEA IN  IRR. INFR. NET IRAl.  GROSS AREA  LOS3ES-ZXISTING LOSSES-FLOOD  LOSSRS-iT, NET IRRIGABLE ¥ IBRIOARLE AREA
SICTOR AREA  ARCA IN COXMAND  COMMAND LO3S7S, AREA IN COMMAND  COMIUNITIES PRONE AREAS  SETTLSTNTS & ARfA .
ISOLATZD AREAS
w 2 W e 2y TOTAL TOTAL TOTAL TOTAL TotaL,
A 23 W« =g
1 1.6 1.68 o0.h1 1.7% c.3 ’ 1.43 1.96 0.3 0.27 1.535 HIY af2 0.8 1.4
1 3.70 1.6t 1,68 0.h1 1.7 2.3 1.43 1.96 0.34 0.27 1.35 n o  0.81 1.4y
2 .63 o0.22 - 1.02 29.13 0.8% 0.83 - - 0.83 : - o7 0.07 0.8%
. 3 0,20 0.8 0.9 0.25 0.05 0.20 0.22 0,20 - .02 - am o.1 0.20
38 0.58 o0.3% 1.00 1.3? 0.25 1.12 0.55 - - 0.55 - oY% 0.7 1.12
3c 0.20 0.8 o.m 0.25 0.05 0.20 0.22 R - 0.22 - oy o.M 0.20
2 L7 2,61 0.92 1.13 2.39 0.53 2.% 1.82 ‘o0.20 Nl 1.62 ni1 iy s 2%
% 0.97 1.1 o35 0.61 0.1 0.50 112 . 0.09 1.03 - a® 0.4 0.50
54 0.57 0.53 0.3 0.37 0.16 0.71 0.73 - - 0.73 - GX  0.h5 0.71
3B C.L4  0.lo 0.2o 0.55 2.10 0.%h 0.48 - - 2,43 - o7 0.29 0.46
3 437 12 2o 1.y 2.¢% 0.37 1.7 2.33 " 0.c0 0.07 2.2 iy oy 1,22 1.67
TEDAL 12,72 5.0 W ogn 6.57 121 5.45 6.1 ' oo.sh 0.36 h.21 Hil 22 399 5.h6
1. Contisious blocke hasing areas >H0 ha, not coinciding with existiag settlecents. 2. Taken as 13 percent of the Eross area. .

3. Proportions of 1V and 2V estiqated fros proportic:a in -rogs irrizaole arca
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PrinciEal
Project Area Construction Supervision
Agencyv
Headworks Expatriate Expatriate
Contractor Consultants
Main and Expatriate Expatriate
Branch Canals Contractor Consultants
Tertiary Systems Local Forces M.D.B,

and on-farm works

The above arrangement forms the basis of the scheduling
and cost studies outlined in the following paragraphs
and presented in greater detail in Annex D.

4.5.1 Schedule

A number of development smcenarios have been and continue
to be considered under the Accelerated Mahaweli Programme.
Among these is a schedule for System B proposed by MDB,
which envisages the initial delivery of water in time

to irrigate the Yala crop of 19813, Assuming a 3 - year
development period for downstream works this schedule
would indicate completion of the irrigation system in
1986.

Commencement of irrigation deliveries in March 1983
calls for the completion of the Maduru Oya Dam in time
to impound the 1982-83 Maha run-off -- that is, not
later than November 1982, At the same time, to avoid
the risk of this Maha run-off being too low to store
enough water in the reservoir, it is essential that
the link tunnel be completed not later than the end of
January 1983,



It is due to this urgency that tenders have been called
from prospective contractors so that an award can be
made in time to permit substantial construction progress
on the headworks in 1980, If this is achieved and
maintained through the succeeding two years, the meeting
of the above deadlines is considered to be practicable.
Of course, it is implicit that the Minipe diversion and
Right Bank Transbasin Canal must also be completed in
time to deliver water to the link tunnel.

In the present studies two scenarios have been considered
for the development of the downstream area. Both of these
scenarios are based on the premise that irrigation of some
hectarage in Yala 1983 is a prime objective. The first,
referred to as "Scenario A", approximates the MDB
schedule referred to above, the basic difference being
that a smoother rate of land development (maximum

12,600 ha as opposed to 24,000 ha per annum) is envisaged.
In this scenario land is brought under irrigation in the
course of 7 growing seasons - Yala 1963 to Yala 1986,

To facilitate proper examination of the important issue
of settlement rates, an alternative schedule, referred
to as Scenario B, has been considered., In this scenario
the buildup of land brought under irrigation is spread
over 13 growing seasons - Yala 1983 tu Yala 1989,

A consolidated bar chart showing the schedules discussed

above is presented in Figure 12,

4,5,2 Cost Estimates

Capital cost estimates for the irrigation works have
been prepared at different levels of detail, depending

on the stage reached in the engineering design,
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In the case of the headworks, as already mentioned, the
engineering has been taken effectively to the " final
design" stage, thereby facilitating the preparation of
tender documents, including drawings, technical specifi-
cations and schedules of quantities. Thus it has been
possible to prepare engineer's estimates for these works
at a greater level of detail than is normal for

feasibility studies.

The layouts of the main and branch canals have been

based on mapping to scales appropriate for feasibility
studies, except for the right bank system where lack of
the 1 : 5000 scale topographic maps necessitated the use
of the earlier and less reliable 1 : 31,680 scale mapping,
Test pits (on the left bank only) at 1 - 5 km intervals
have provided indications of the depth of overburden

and thus enabled approximate quantities of rock and

earth excavation and earth fill to be estimated. Based
on these quantitie=s, unit rates have been developed on
the assumption that construction would be by an expatriate

contractor, generally using equipment-intensive methods.

In the case of the tertiary system, including drainage
and on~farm development, "per hectare' costs have been
evolved on the basis of the two sample areas referred

to in Section 4.,4.3. Construction by local forces using
labour-intensive methods has been assumed, Unit costs
have been based on standard rates devnloped by the
Ministry of Mahaweli Development, subject to careful
scrutiny and, where indicated, appropriate adjustment,
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The price of cement. appears to be fluctuating consider=
ably. For example, the following prices of the domestic
produqt have been quoted by the Ceylon Cement Corporation:

~

January 1979 : Rs,18,50 per 42 kg bag
October 1979 : Rs.28.75 per 50 kg bag
Early November 1979 : Rs.53.00 per 50 kg bag
Mid November 1979 : Rs.45.00 per 50 kg bag

Late November 1979 : Rs,43.00 per 50 kg bag

In response to interim variations in the price of cement
the capital cost estimates for the different elements of
the project have been up-dated from time to time during

the course of the study.

At mid November 1979, a final review of cement prices

was made. For purposes of this study it is assumed that
half of the project requirement will have to be imported.
A weighted average price of Rs.50 per 50 kg bag has been
adopted as effective "mid 1979". Transportation to the
project area has been allowed for separately.

The previously-prepared cost estimates have been adjusted
by applying the necessary corrections to the estimated
'cement requirements. These adjustments have been exposed
in the capital cost estimates to facilitate future up-
dating, if required.

It should be noted that if significantly larger quantities
of cement were reguired (e.g. for a concrete dam), it is
probable that a greater proportion would have to be

imported and the weighted average price would increase.

The following tables summarise the cost estimates of the

irrigation works, as discussed above
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Title
Heedvorks - Summary of Capital Costs.

Main wnd Branch Carnils - Scenario A -
Summary of Capital Cgsis.

Main and Branch Canals - Scenario B -
Summary of Capital Costs.

Tertiary Systems, Dreinage and Land
Development - Suumsry of Capital Costs.

Irrigation Works -~ Scenario A - Schedule
of Capital Costs..

Irrigation Works - Scenario B = Schedule
of Capital Costs.

Irrigation Works = Annual Operation and
Maintenance Costs.

Full details of the build-up of the cost estimates
are contained in Annex D.
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HEADWORKS
SUMMARY OF CAPITAL COSTS

Link Tunnel

Dam {Rock £ill)

Misc., Works (Access, Power,
clearing, saddle dams)

Sut Total

Contingency on headworks
Engineering

Totul Headworks at
Mid 1979 Cost Level

CASE FLOW SUMMARY( Scenario A&B)
1980
1981
1982
1983

ALL COSTS IN MILLION RUPEZS

SRT LANKA FOREIGN TOTAL
67.5 201.6 269.1
240.2 516.'1 756.3
L6 .6 79.2 125.8
5.4 75.7 115.1
ko.0  60.0 100.0
L29.7 93%6.6 1366.3
102.6 233.6 336.2
165.4  3287.2 552.6
137.4  265.5 402.9
2h.3 50.3 7%.6
429.7 936.6 1366.3

e’



TABLE L-9

MAIN AND ERANCE CANZLE - SCENARIC A
STMVART OF CAPITAL COST

SECTOR 1
Canals
Contingencies
Sut Totad
Engineering and construction
supervision
Total
Schedule of cost 1980
1981
1982
1983
SECTOR 2
Canals
Contingencies
Sub Total
Engineering and construction
supervision
Total
Schedule of cost 1980 &/
1984 &
1982 .
1383 'g
SECTOR
Canals
Contingencies
Sudb Total
‘Engineering and cons?ruction
supervision
Total
Schedule of cost 1988 r2
1984 co
1982 (v
1985,

Totals- Sectors 1, 2 and 3

ALL COSTS IN MILLION RUPEES

SRI LANKA FORESIGN TOTAL
1L3.9 2447 388.6
21.6 36.7 58.2
165.5 281.4 L4s .9
15.0 L2.0 57.0
180.5 223.4 503.5
3.8 10.5 14,3
63.4 111.8 175.2
62,4 111.8 175.2
u9-9 89'3 13902
73.8 138.8 212.6
11.1 20.8 1.9
84.9 159.6 2uL,5
8.0 23.0 31.0
92.9 182.€ 275.5
2.0 5.8 7.8
22.6 63.2 95.8
22.6 63.2 95.8
25.7 50.4 76.1
151.2 279.5 Lz0.7
22.7 1.9 6L.6
173.9 221.4 4g5.3
17.0 45,0 62.0
19¢.9 3564 557.3
4.3 11.2 15.5
66.9 126.9 193.8
66.9 1256.9 193.8
52.8 101.4 154.2
LeL .3 &72.4 1336.7
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{AIN AND BRANCE CANALS - SCENARIO B
SIMMARY OF CAFITAL COsST

SECTOR 1
Canals incl. contingencies
Engineering and construction

Supervision
Total
Schedule of costs 1980
1981
1982
1983
SECTOR 2 1984

Canals incl. contingencies
Engineering and construction

supervision
Total
Schedule of costs 1982
1983
1984
1985
1986
SECTOR

Canals incl. contingencies

Engineering and construction

supervision
Total
Schedule of costs 1984
1985
1986
1987
1988

ALL COSTS IN ¥ILLION RIPZZS

SRT LANKA FOREIGH
165.5 281.4
22.0 " 146.0
187.5 2274
3.8 9.8
" 49,1 85.2
kg.3 85.0
Lg,3 85.0
36.0 62.4
84.9 159.6
12.0 26.0
96.9 185.6
2.4 5.2
25.4 L8.2
25.4 48,2
25.4 L8.2
18.3 35.8
173.9 3214
26.0 48,0
199.9 369.4
5.2 9.6
52.2 96.4
52.2 96.4
52.2 96.4
38.1 70.6

TOTAL

Ls.9

68.0
514.9
13.6
134.3
134.3
134.3
98.4

2k .5

38.0
282.5

7.6
73.6
73.6
73.6
5k.1

kos.3

74.0
569.3

14,8
148.6
148.6
148.6
108.7
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TZRTIARY SYSTIMS, DRAINAGE AND LAND DEVELOPMENT

SUIMARY OF CAPITAL COST

SECTOR_AND LAND CLASS

SECTOR 1

Pimburettewa, Vnka.neri.+ Punanai

Small tanks, Rairnfed

New Lands - (Lowlands 1R, 2R)
incl. main drains

Sub Total

Contingencies

Total for Sector 1 (Lowlands etc.)

New Lands - Uplands (10, 2U)
Contingencies
To*al for Sector 1 (Uplands)

Total for Sector 1

SECTOR 2
Small tanks, Rainfed

New lands -~ (Lowlands 1R, 2R)
inel., main drains

Sud Total

Contingencies

Total for Sector 2 (Lowlands etc.)

New Lands - Uplands (1U, 20)
Contingencies
Total for Sector 2 (Uplands)

Total for Ssctor 2

ALL COSTS IN MILLION RUPZES

SRI LANKA FOREIGN TOTAL
25.2 2.9 29.1
113.5 12.6 126.1
139.7 15.5 155.2
21.0 2.3 23.3
160.7 17.8 178.5
27.5 3.0 30.5
4.1 0.5 L.6
31.6 3.5 35.1
192.3 21.3 213.6
10.4 1.2 1.6
159.9 17.8 177.7
170.3 19.0 189.3
25.6 2.8 28.4
196.0 21.8 217.8
ek 5.2 51.6
6.9 0.8 7.7
53.3 6.0 59.3
249.3 27.8 277.1




TABLE L-11 {Page 2)

ALL COSTS IN MILLION RUFZIZ3

SRI LANKA FOREIGN TOTAL

SECTOR

Small Tanks, Rainfed 29.0 3.2 32.2

New Lands - (Lowlands 1R, 2R)
incl. main drains 104,3 11.6 115.9
Sub total 133.3 4.8 148.1
Contingencies 2C.0 2.2 22.2
Total for Sector 3 (Lowlands etc.) 153.3 17.0 170.3
New Lands - Uplands (1U, 20) 30.9 3.4 34,3
Contingencies 4,6 0.5 5.1
Total for Sector 3 (Uplands) 35.5 3.9 39.L
Total for Sector 3 188.8 20.9 205.7
Grand Total - Sectors 1, 2 and 3 630.4 70.0 700.4
L] ] L]

Notes : + Vakaneri and Punanai schemes, although located outside the area,
are included in Sector 1 as improvement works will be carried

out at same time as development of Sector 1 (Lowlands).
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BIEWARIO A

IRRIGATION WCr:<S
SCHEDTLE OF CAFITAL COSTS

ALL COSTS IN MILLION RUPEES

1987 1988 1989

WORK STCTOR 1980 1981 1982 1983 198L 1985 1986
Headworks SL 102.6 165.4 137.4 24,2 - -
F 2%3.6 387.2 265.5 50.3 - -
Main ang 1 SL 3.8 63.3 £3.3 50.1 - -
Branch
Camals F 10.5 111.8 111.8 89.3% - -
2 sL - 2.0 32.6 32.6 25.7 -
F - 5.8 63.2 63.2 50.4 -
3 SL - - L.,3 66.9 66.9 52.8
F - - 11.2 126.9 126.9 101.L4
Tertiary 41-Lowlands s - 58.4 s58.4 43,9 - -
Systeas F - 6.4 6.4 5.0 - -
1-Uplands SsL - - 3.3 15.8 12.5 -
F - - 0.4 1.7 1.4 -
2-Lowlands sL - - 7.3 7.3 53.4 -
F - - 709 709 6.0 -
2-Uplands SL - - - L., 26.7 22.5
F - - - 0.5 3.0 2.5
3-Lowlands sL - - - 55.8 55.8 U41.7
F - - - 6.2 6.2 4.6
}Upla.nds SL - - - - 15-? 15 -?
F - - - - 1.7 1.7
Totals SL 106.4 289.1 370.5 364.7 256.7 132.7

F 244.1 511.2 466.4 351.0 195.6 110.2

Grand Total 350.5 §00.3 837.0 715.7 L52.3 2L2.9

Notes : SL - Sri Lanka Component
F - Foreign Component




TABELE 4-13
SCENARIO B

IRRIGATION WORKS
SCZEDULE OF CAPITAL COSTS

WORK SECTOR
Readworks
Main ard 1
Branch
Canals
2
3
Tertiary 49-lowlands
Systens
1-Uplands
2-Lowlands
2-Uplands
3=-Lowlands
3-Uplands
Totals
Grand Total

SL
F

’*ltul"ltul'*lg!'ﬂg'ﬂg}"!g]

SL
F
SL
F

ALL COSTS IN {ILLION RUFEES

1980 1981 1982 1983 19BL 1985 19856 41987 1988 1989

SL 102.6 165.4 137.4 24,2 - - - e - -
F 233.6 387.2 265.5 50.3 = - - - - -
3.8 49.1 49.3 49.3 3.0 - - = - -

9.8 85.2 85.0 85.0 62.k - - - - -

- - 2.4 25.4 25,4 25.4 18.3 - - -

- - 5.2 LB.2 48,2 48.2 35.8 - - -

- - - - 5,2 52.2 52.2 52.2 38.1 -

- - - - 9.6 96.4 96.4 96.4 70.6 =

- k2,9 42,9 42.9 32.0 -~ - - - -

- L7 L7 L7 3.7 - - - - -

- - - 1.5 1.5 8.6 - - - -

- - - 13 13 09 - - = -

- - - 52.3 52,3 52,3 39.1 - = -

- - - 5.7 5.7 5.7 4.7 - - -

- - - - - 19.4 19,4 14,5 - -

- - - - - 2.2 2.2 1.6 - -

- - - - - 40.8 L40.8 40.8 320.9 -

- - - - - 4,5 45 45 3,5 .

- - - - - - - 15.7 15.7 k.1
- - - - - - - 172 1.7 05

SL 106.L4 257.4 232,0 205.5 162.4 198.7 169.9 123.2 84.7 L.1
F 243.4 477.1 360.4 195.2 130.9 157.9 143.5 104.2 75.8 0.5
356.6 313.4 227.4 160.5 L.6

349,8 734.5 592.4 400.8 293.3




TAELE k-1k

TRRIGATION WORKS - ANNJAL OPERATION AND
MAINTENANCE CCSTS

PERCENT OF 1 MILLION RUPZES

CAPITAL COST PER YEAR
Headworks 0.5 6.3
Irrigation Systen 1.5 28.3
Sub Total 4.6

Right Bank >
Transbasin Canal 1.0 6.0
Total Lo.6

1. Excluding Engizeering

2. hpplicatle only in case where 50O per cent of R.B. Transbasin canal

capital costs changed to Maduru Oya Project (see Section 10.2.2.)

Used in sensitivity analysis only.
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Se SETTLEMENT PLARNNING

The settlement of close to a quarter million persons

is discussed in this chapter.

Settlement planning, as discussed under 5.1, refers to
the process of settling families = vhat is required to
bring about relocation and migration and what should be

considered in a government sponsored migration programme.

Settlements planning, as discussed under 5.2, refers to
the planning of settlements, i.e. <the land use,
regional and town planning aspects that require consi-
deration if the project area is successfully to accom~
modate the settlers. The settlement planning studies
have been materially aided by the Regional and Physical
Planning Division and the Settlement Planning and
Redevelopment Division, MDB, which conducted a socio-
economic survey of System Blo’ Analyses of settlement
experience in the H area (in terms of both the settle-
ment process and the planning of settlemants) also-
provided important contributions.

5.1 Settlement Planning
5.1.1 Number of Settlers

The number of settler families that can be accommodated
in System B is directly related to the amount of land
that will be brought into production under irrigation.
A major planning parameter of this study,and the
Accelerated Mahaweli Program in general, is that it is
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the intention of the Government of Sri Lanka to allocate
one hectare of paddy land to Mahaweli settlers. Agro=
economic studies have indicated that one hectare of paddy
land provides sufficient income for, and can properly

be worked by, one family.

The estimated net irrigable area suitable for paddy
cultivation is 31,900 ha. This is the amount of land
that can be allocated in one hectare parcels to set*lers.

The estimate excludes paddy land in the major tank
schemes in and adjacent to System B - Pimburettewa,
Vakaneri and Punanai. However, it does include areas
currently under small tanks within the System and
rainfed paddy lands, totalling 6,700 net irrigable hec-
tares. The claims to these lands by present cultivators
will have to be satisfied before the areas can be
considered for Mahaweli settler allocation. Undoubtedly,
some of the rainfed areas are being worked without claim

or permit.

The promise of one hectare of irrigated Mahaweli land
will in most cases be adequate compensation for giving
up a larger area currently worked as rainfed land or
under a small tank, considering that currently Yala
production is negligible,

Hence the assumption is made that ultimately all 31,900
ha of net irrigable paddy land identified by the study
can be allocated in one hectare parcels. Proper inte-
gration of all small tanks within th2 overall irrigation
system is planned for. Re=levelling and re=bunding

of areas under small tanks would be called for in & number
of instances, thus facilitating the process of re-
allocation. The estimate of the number of one hectare
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parcels may however somewhat overstate what can actually
be achieved with existing smell tanks, in terms of re-

allocation although not in terms of production.

On 31,900 ha net irrigable paddy land, 31,900 paddy

farmers can be settled.

On the uplands the situation is not quite as clear, due
to the limited experience with these types of soil under
irrigated co.ditions., Land classification has identi=-
fied a total net irrigable area of 5,500 ha in blocks

of 40 or more ha. Smaller blocks are not deemed suitable

for separate irrigation systems.

For purposes of this study, it has been assumed that
.Tpure' upland farmers can be induced to settle, when
atlocated two ha, which would include 0.5 ha of home=
stead. This would allow 2,750 farmers to be smettled.

However, experimentation with upland soils at the
proposed System B demonstration farm could indicate

that larger upland farm units might be more appropriate.
This could then reduce the number of farmer settlers
but it would at the same time create a need for hired
farm labour. A minimum viable upland bolding of two
hectares has been adopted to achieve maximum settlement.

Total upland and lowland settlers would be 34,650.

The existing number of families in System B is about
4,000,no0t including resident Pimburettewa, Vakaneri
and Punanai settlers. A large proportion of the
4,000 families would likely qualify for settlement
under the Mahaweli Programme, being near-landless and
earning below-average incomes, Most are preser:.ly

engaged in farming.
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Considering that at least 3,000 present System B fami-
lies can qualify for Mahaweli Land, an addicional
31,660 settiler families would be selected from outside

System B.

For the development of a balanced rural society, it is
important that, in the planning stages, attention is
paid to the non-farm population. Already, among the
existing, sparsely distributed population there is an
element of non~farm employment, on the order of 15 to
18 per cent. A minimum of 20 per cent non-farm employ-
ment and population is deemed necessary for the basic
functioning of a rural society. This non-farm component
would include services to farmers, general commercial
and farm industry activities, social and personal
services and government. It does not include hired
farm labour for seasonal peaks, which will be satisfied
through migrant labour movement. It also does not
include the construction and supervision work force
present during the implementation period for System B.
The non-farm settlers who will make a permanent home

in the area would total 8,650 families, assuming the

20 per cent guideline, It is recognised that certain
non=farm functions will be performed, from time to
time, by unmarried individuals (e.g. teaching). To

the extent this is so, the non=farm family and popula-
tion estimates will be overstated. The farmer settlers
are all considered to be families.

The total number of settler families, including those
now in the area, should number 43,300 towards the end
of the 1980's, considering that certain categories of
non-farm settlers might not settle in the eai'ly years,
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Towards the end of the century the area families should
number some 55,000 once the non-farm population increases
from 20 per cent of the total, to one-~third of the total,
as it will do, if the development is successful (i.e.
generates acceptable standards of living). Creation of
one non=-farm job for every two farm jobs is well within
the reach of the resources of the area. As a result of
the development of System B, the population of the area
will increase from about 25,000 to over 225,000 in the
next ten years. The influx of such a large number of
people into relatively wvirgin territory over a brief
period of time will require a planning effort commensurate
with the size of this migration.

The movement of people into System B will be in sharp
contrast to the experience in System H, where only one=-
third of the farm settlers are from 'outside'!, as

shown below

sttem H Svstem B
Farm Families from area 17,000 3,000
Farm Families from toutside! 9,000" 31,650
Total 26,000 34,650

Table 5=1 shows a summary of the settler population
estimates. While by no means precise, the figures serve
to indicate the general dimensions of the future popula=
tion structure of the area.

5.1,2 Selection of Settlers

There is ample experience in Sri Lanka with colonization
schemes. Hence there is experience with settler selection.

* As of November 1979, about half these families had
been settled.
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SUMMARY OF SETTLER FAMILIES AND
POPULATION IN SYSTEN B

POPULATION
FAMILIES AT 5 PERS/TAM.
A. Paddy Settlers 31900 159500
Upland Settlers a750 13750
Farmer Settlers 34550 173250
Non-Farn Settlers 8550 43250
Totael Settlers 43300 216500
B. Farmer Settlers Required 34650 173250
Present in Area 2020 15000
Settlers from 'Outside! 31650 158250
C. Non-Farm Settlers Reqd. 8650 L3250 '
Present in Area 1000 2000
Settlers from 'Outside’ %50 38250
D. By lmte eighties :
Farm Po'puhtio‘n 34650 173250
Non-Farm Population 8650 43250
Existing Schemes Population 1800 000
Total 45100 225500
E. By year 2000 :
Farm Population 34450 182250
Non-Farm Population 18200 91000
Total 54650 273250

Notes: Pimburettewa, Vakaneri and Punani Schemes excluded under 4,Z,C.
(estimated 1979 resident population of 9,000 or 1,800 families).
This population shown separately under D and included with
farm population under E.



However, the size of the anticipated programme is such

that extraordinary measures will be required.

System C, which is to be implemented during the same
period as System B, calls for the settlement of some
17,000 farm femilies., Adding these families to the
System B requirements, some 52,000 farm families are
to be settled in about half a dozen years.

There is without question a large reservoir of potential
settlers. The response to invitations to apply for
settlement in System H, extended to certain selected
electorates, indicated many more prospective settlers
than there were settler plac2s. This excess of supply
will make it possible to insist that certain basic
selection criteria are met. While one can be confident
that appropriate settlers can be selected for Systems

B and C, the willingness of potential settlers to come
forward for subsequent phases of the Mahaweli Develop~
ment Programme will to some extent depend on how well
settler aspirations are fulfilled in Systems B and C.

Selection criteria have been the subject of study and
administrative innovation for many years. However, the
manner in which the criteria are applied can ai times
carry more weight than the formal selection guidelines,
In the early years of System H a point score system
was used for selection. This method was subsequently

abandoned.

It would be appropriate that the selection eriteria for
System B settlers, and those for System C, be carefully
reviewed once again, in the light of (a) experience
gained in H, and (b) the characteristics of develope
ment proposed for the two systems, as detailed in this

&



report and the report prepared by Hunting Technical
Services Limited, There should be a common approach
to settlement issues for both Systems B and C.

Typical characteristics of the System B development

plan are :

- most settlers will be exclusive paddy farmers ;

- all paddy farmers will have a large, separately
located, homestead plot for which homestead

crops are planned, as well as livestock ;

~ the use of buffaloes is encouraged, and

" planued for ;

= there rill be a small number of exclusive
upland farmers, whose homestead will be on
the farm area ;

- communities will be lowedensity, reflecting
the large homestead plots

- most settlers will come from outside the area ;

and

- non-farm settlement is proposed as an integral
component of the development of the area.

The selection criteria to be developed for System B
should take into the following :

= Those now living in the area should have a
high priority for settlement. In the near
future it should be made known to area residents
what length of residency the government intends
to employ, if -indeed it intends to employ this
concept. A positive view of encroachers should
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Le taton 3 theodir suldobilidy as setilerc
rathor than 1h2ir st tus mRg encroachor:s
sliculid te ¢ dersd. Tuuse living din ke
c o

Thz arecs ncar Svetem T chould Le consicdored

caloa, t=ze arca soulh of Sostom D oend the avoa
nexrth of Folopnaruwa sihould all ko avle 1o
suprly settlers win are fomilior willl living

conditicns in the Dry Zoune. In gancral, the

districts of Trincomalce, I'olconnaruwa, Batli -

caloa and Anmmerai weuid covrer the nony proas=.,

.
.

Tao sctilesrs to be cttrueted from rrcas further
vay shzuld elsuv proferably hzwve Dy Zone

cxporidnce,

The ultimate etllhindie composition ¢f thz Svelom
e )
shot:ld Le vicwed in the contrrt of theo e erell

Accelerated Mahaweli Programzz, It wiil hove
to bka é-~tormined whether 1~ gettlenmiut pian
is 10 be lLasecd cn concepis of iacagration o

segregation of tiic variocus culturel grosurs.

The settlcrs shouild have forming experizues
&

e

prcfuralldly poddy Tormine,  Since ever Se
cent cf the lobuur ferce of Eri Lonhn is

currently enzared in agricalitural activity,
it should not be difficull to saricly <hi
criterion, At a mindimmm, 1he Tarmer setiloss

slhiculd criginate {from rwral evuas,

O
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e sctilers ghould not have any egignilicont
sets, ncr sheuld they now have incomes <hat

s
annroaczh the projected fanmily incoume fe: the

-~ The setilers should bLe yeung, in their Lluwci-
ties or carly tlhirties, ond cacsgetic. While

3 2.,

moct farmesr settlers will Le memricd, 1

possibility ¢f selczting relatcecd cut unnmcrricd

cettlers (br-thers, sitcters, eccusins} rhsuld
be rulcd cut.
= A gnecific progrance chouldd be dorelopsd Lo

noa=furm settlers. To qrulify fer a non=iar:n

plot of 0.2 ha, thc sctiler sheculd be williry

to live and work in the area, withi the X211 ¢

trade hc bringe to the asca to be a )lizy detore

minant. Individuals chouvll also Le econcilo=cd

for ncn..Yamm plots.

Cnce swtillers have hiecen selecied in their arca cf erigin,

Lnse

grouns of thewa and thedr families shceuld be breousiit tozes il

for several orientetion secssions. In the preoperation
sorltzhops, a rcalistic picture should be painted of the
conditiens tirat await the family cnd what they can hepe
to achiexc. LEspeclally in thie casc wheouae the scttlor is

expe "Ll.d T2 provide labour for o reriod cf time, the

payzical and coatractual working cenditions undor uwhich
this labour is to be provided sheulcd be comzunicat:d

clearly.

5:1.3 Ratz of Scttlement

K3

The zates of settlement folleiw the dev:slepmeni Scenarics

« ad B, dlzcussed in Chapter 4. Scerar‘o A showe the
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Fuozing of constraction to allsw for the bringins ifnte
produstdon (first crop) en 4,700 ka inm the Yola ef 2350,
Ty ovtain & Yela 83 crop, setitlers have to be ¢ tablishzd,

s
et the dlziczi, in thie previcus ~2ascn, namel’y the Ma
1

he preporatiocn ef fiolds. Settlars wauld be Lrou Nt

o
3

9502 &nd carly 1933 and werl cn thelr

ne plantinz of the 1983 Taln

ot

1
2lelés, in preparation for

cop.  This would Lo tihc first crop they vould ha.velt.

Ca the Lasis of this scenrrio settlen. .t would take plac

c
from ile Maha i3C2/85 to the iaka 1905785, under Sccin=i

cid freom the Maha 1982/33 to the Mzha 1680/87, wnder
il

.ot

Scencrio B (=ce Tatle 5.

fimilarly, a rate of setilement has tacn cotailed whis!
assumes +hot the settlers arrive two ssasons (1 yeau)

r»st crop. The first ceiilers
o

$a.

L« "ore they Larvest thzir ¢
would ceme in theo Yala of 1982, werk cn their ficlds
and homastead throughout the Maha 1533 than rlant and

harvest the Yala 1983 cron. This auproach is 11 umixetcd
* &

iz Table 5=-2,
Under either apprcach the iotilement £or Scenzrlo A is
echieved in four ycars, end tho sctilement for Scenisio B

in seven yoars.

is conceivable that scitlers could bo broushe in
N

r than two crops befere the first harvesi. In

emestedding part of setiliang (constructin~ che Tz,
+

treasz, ctce).



TABLE 5-2

ARRIVAL OF FARMER SETTLERS
ONE CROP EEFORE FIRST CROP HARVESTED

SUENARIO A SCENARIO B
1983 M 4700 2300
Y 47200 2320
198 ¥ 6000 2300
Y 6600 : 2500
1985 M 5300 3350
Y 6500 3350
1986 M 850 3000
Y - 2900
1987 M - 3200
Y - 3200
1988 M - 2600
Y - 3225
1980 M - 425
Total 34650 34650

Note : 1983 M = Maha, 1982 - 1983, etc.
Y = Yala.



TABLE 5-2

ARRIVAL OF FARVER SETTLERS
TWO CROPS BEFORE FIRST CROP EARVESTED

SCENARIO A SCENARIO B
1922 M - -
Y 4700 2300
1983 M 4707 2300
Y 6000 2300
1984 N 6600 2500
Y 2300 3350
1985 ¥ 6500 3350
Y 850 3000
1986 N - 2900
Y - 3200
1987 ¥ - 2200
Y - 2600
1988 N - 3225
Y - 425
Total 34650 34650

Note : 1982 ¥ = Maha 1981 - 1982, etc.
Y = Yala
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e edventcges and disadvantages cf bringing in settlorc:
much Lofers thovy can be productively employved on the'r
ellocated padddyr lands sheuld be weinhcd careluliy.

1 I a
seiile H,700 fomilics over g sim mentl peried imslics
a rate ¢2 JU0 rer montia.  Wiild 24 werking davs per month

v 24
niz trenlc e 33 sctilors per dn c:r 105 perscens.
3 7
e tronszorted

rries, ollowing tvo fami ics ol eflacts

17 lorry trins. Tais rate will increese to 23 lerrirs

eroiving per dey by the Maka of 1)8 /84, vhen 6,600

fanilics ere being setiled, In gene:al Scenario A cclls

for the uwninterrupted daily errival of some 20 lorricec,

cach cerrying two . foamilies, from mid-1252 to mid.1635,

T'o:xr Scenario B, the daily quota of lorry-loads of

familics would Lz 12, for ithe period mid-1982 to mid-~-208C,

cix days por weell

The akeve s asswned thit the influx ¢f scl
T2

o

c
Trend evenly throughout sach season wi.lth nmey oic
c

rracticable or etuitable in all

T..2 ratc of secttlement illustrated undcr Scerncrio ) hos
as iis basis the ecrliest dates the immigraticon zyestenm
czn be physlcally developed. To sustiain tl
ctilemzii. callicd for undeor Scenario A will
sunren2 logistie, Brgauisntional and adminis-
trative efferrt in linz with the overall tiurust of tie
Accclexrated Maheawel Unda Scenario D guch

Lot would be les

n b
]
o
[¢]
(]
"
P
3]
5
(A]
.

ner lerry. To brinz 33 settler families por cay reguires

\\Q
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Houring Allowamcce

Thiz would Le to construzt o corc shelter.
¥hile it chould not Lo the clLiect of the
assistancze to promstc nrivate capital femma-
tion; =hclicr to scme bazics stazdard ic
nzcessary 22.31,C00 por family, vhile mers

.:"uscntl' "'Z."C”' t> I areca set.lero,
Y
P

cul cf whi

o Totul cozt fur heouciue

Vells

. It has been estimated that a well, to scrv:
20 fanilics, can be constructed for L 12,000
¢r Rs.600 per family, Velis ere cxtremely

-

Zmportant frem +he pullic heaZ*l: peint ol
vizw and should be ceoasitructed of the tiws
of setllcement. Total eos5t is Ns.21 misl'on,.
In areas wiith pariliculariy roax creundwoeor
conditions, wells may hLave to Lz located
sufficientliy closc to the test tiary irrication
sysvem for convoyance lezkoze to praowvila tlho
nceessary recharga. Wells could also be

{ adjacent to linzd can wals, vith o

r

c
filtraticn gallery to previde wator

Setilers in Sysiem li raceise food aid for 15
menthiz to allow them to susioin themselwes while
brepared fara and homestcad, and anti cip.ting

the preparing
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of Heowmestends

Taile the cozt of designing e le-ils under
devceleopment hos srccificully becn taken i

azceunt in the irrigation system cost, no

similar . lliowance has thn included fer -
esign,plenning and survering of cctilencn*s.

s mattorr ocanires a considerablie emownt ¢f

attenticn., R3.500 per plot has been allscaztad,

i'or a total cost of Rs.,17 imillion,

= GCverlzad
Ca the ebove items ten per cont hos vecon
added to cliow fcor manacemsat and eduonis -

t1ration, Toital overheand is Rs.17 niliicn.

= Total scttlecmeit cogts amovnt to P5.187 millicn

.

cxr Re 5,243 nar family.

Currontly scitlers dn “yroienm H also rzceive Rwe,200 0

3 o rom = & ia e ] - .- - & e - *
sead patesizlils, This cost ds cortideorad an agriculdtura
. \‘
input rothor than a seiiloment ccot.  Similexly, scttlere

an ke pzid for werk they perficm on jungle cleeoring otd

leveiling aud buundiag of their farm arca, TUhile income

to <lhe scitlers, the coszt is included under the toriiery
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Thie scttlement casts hase been allocatzd under ihe

scunaries as Tollows, tascsd on thoir arrival onc orc.
t

Sconario A Sceneri B
1083 Rze L1 m Ns, 13 o
1504 Bs. GG m Toe 20 1
10985 s, Chom Rs. 2" m
1936 Rs, 14 m Rs. 532
1057 Pz, 35
1988 RSe S0 m
1969 . Rs. 1% i

It should be noted that sccial infrastructure is not
included in scttlement costs. This mattor is discussed

further on this chapter,

Tatle 5-4 shows a summary of the capital cost of non-

irrigation werks. Roads and project management infia-~
structure costs are discussed in subscquent sceticios.
Taese costs, in comuon with other capiial cost estouotes
presented in this report, reflect cconomic prices and

are used in the analysis described in Chopier 1C,

.2 Planning of Setilcments
3.2.1 Ragional Context

The regional context of System B i=s illusirated on

Tigwre 3.

There are various ways in vhich the rezion can be de3

Ia one sensc, it could le referred to as the arca to
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TABLE 5-4

NON-TIRRIGATION WORKS
STMMARY OF CAPITAL COSTS
(RS. MILLIONS, MID-1975 PRICES)

BOADS
hccess Roads
Prirmary Roads
Irrigation System Roads
Link Roads

Roads within Settlements

SETTLEMENT
Selection, Orientation, Training
Transportation
Temporary Camps
Tools
Housing Allowance
Wells
Food Aid

Physical Planning mnd Surveying
Overhead

PROJECT MANAGEMENT INFRASTRUCTURE
Irrigation System
Agricultural Extension

Settlers Assistance, Com. Dev. etc.
General Project Management

Total

MILLION ROPESS

b5
99
15
60
60

14

35
21
62
17
17

T
-~

35
30
10

270

187

110

567

Note : The above estimates include the following approximate Foreign

Exchange componernts.

Roads - Rs. 3T million

Project Management Infrastructure - Rs. 20 million



- 66 -

tire cast of the Maohaweli Ganga. In enother sense, tue
region shiould be considercd as thot area containing

at least on2 major centre., In yet pnother scnse, it

A

could e consiczred to be the area encompassed by the
Acceleratcd Maheoweli Devolopment Progranune = Sysilenin

A, ©, C zud D,

The coniesxt in which Eystem D is pertrayed in this
repert tilkoa the broed regiondl vicw @ the arce Loundcod
by the teowviiz of Trinccmalee, Dambulle, Matale, Kaudy,
Muhiyanganz, Batticaloa and Valachchenai forms th
regien in Tigure 3. In terms of the highway nciuworlk,
it is the area bounded by highway AG and A9 on the
north anld west, D33 ard A5 on tha south and A3 on the

east, whilec being bisccted by All and th: railroad.
\

The highk-weoy end railroad running throuzh System B core
the main intrastructure asscts of {the arca. Adminiciro-
tively,the region falls within a nuzber of districts.
The population of tho four Dry Zone districts is showmn
in Talhlo 5=5. Currcntly theso districts have o pepulo-
tion in excesza of one millicen. The rate of growth in
e Dry Zone districts over the last few ycars has
considerably highor ithan ithe nationnl rate, Thily
thouzht to reflect in part the introduction cf coun
coclonisation schomes and the influx of clicna cultisations,
With the Mahoweli Project, the population of the region
couid double over the next twenty yeats. The dovelonm:ont
of tlhie rogion will precipitaile the redwvowing c¢f mmiicipal,

electoral, dlstrict and adulnistrotive bhomdaricu,.
?

\
he internal road network of the region is underdoveloped
at prescat. llewever, the Mahoweli Schemae will gencratlo
road improveoments. On2 such improvement will be a prioary

roed from Manzmpitiyva to the south, across the M:o:luaru Ora
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TABLE 5-5
POPULATION OF MADURU OYA REGIOR1

(1002)
NOVEMBER 65-78

DISTRICT 2958 1978 KUMEER %
Trincomalee 165 223 58 3g
Polonnaruws 124 190 55 L2
Batticalos 233 300 67 29
Amparei 251 316 65 26
Total 783 1029 245 31
Sri Lanka 11992 14190 2198 18

1. Matale and Badulle districts mot included due to predominantly

intermediate zone oriented.



Liaam, then linkine wita A5, thus serving e Gul Oya
poplaiion (sgee Fizuee 17, Anaiher dwardant rond
will bLe rom Mahdiyongana to Manampitl o, through Syeslom
C ond Soctaxr 1 of Eystom it Fventually 1bis road coui.l
continue north, direct or b waw ol Welikandn, fto cennect
vith AlS, tots Faedlitoting poribesouih trafilie hrorgl
fwsgtems A, B ol Co

e of” Lhe hey cloemenis o Lhe Lransportation netwaorrh
of the Madwu Ova reogien is the rowd/sailwsy Loddro
acrross the “iaboweli Ganze, at the westerly entrance o
Sysbem By Whhile adegniate ot prescit, o onew beddee will
e regui-ed once tie peorulaticn cust ot tia rivear

inerceasces significantly. According to the [epartment

of Hixhwoysy Che WVord! Banh is coasidering Lhe Pigameing

of such a bridge.

The proposals for an cxtension to the existing roilroad,
to scerve Systems B and , should L2 exunined with refc.-
rence to ihe fcasibility repoits for lhese Systoas,
Particulur attention shoald biu paid to freight projecte
ionsz, and to the comparative cosi of coamerciazl tinns-
rortation LY the improved future rcad syshem roler:nd

to abhove.

Within the rcgion, four componint systems of the Accc)i-
rated Mahaweli Programme are Leiny studied, desdigued anil

implemsnied, Sysieme D anld C, studied by seporate team:z

cf consultants, wi 1 be undcr 1ilic implementation supnre-

sision of the MIN., Systems A and D, also studied Ly

scparate teams of consulionis, will be implomenterd by
\
the Irrigation Department. System L. ou the La—k of the

Yiahaveli, opposite Systom C, also forms part of the

(IS

region (sec Tigure 2). A1l activity is co-srdinated

Ty the Mahaweld Authority.



.

heing palid ta the plannius

5
rall rozicnal Lramcwork and intee-

Tnis could result in erportunities being lost ond ¢
gionnl plan

should, theorefore, Lz doweleped o a rmatter of priority,.

-

= prinecipal transportation facllizics
1

(roacd, rail, air, waier)

~ rclaticnships between tihe Mahawell syltoms
« functions cf major centres ¢

= hierachy of culsrdinate centres

= demographic and cultural aspocts @

~ potential c¢f farm and nen-farm sccters

= incrntives required to meoot develoapnmant

objectives ; and
~ gdminstirative toundary meotuels,
ericual plan weuld poduzec a blueprint of hoew &

r
region should develop and how it can be made tou devciop

alsonz tn? lincs indicazcd.

.2 Plamuing fer the System B s'roject Area

Centzal to the physical planving

I
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cuange in land use that wa

¢f irrigatcd azricultuve.

so far not being examined svstematicnlls,
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Tabls 3-6 ghous the clements of majar changs,
tural  Jands will dnercasc from 14,007 ha to 52,000 L:

Zand Sor homuesteads and sctilemonts will increzace frem
000 to 25,000 ks 0 and chenn and Jorest lond wiil
dacrezosze frem 160,007 i to 4D
cr half ef the overnll arca, will undsrzn densiic a chunge
in land uwsc, while 2n'iraci ct

remuining U per cont,

Digisrdbuticon »f Tuture land ase hetwern chena anvd Soroes
reguives further stuwdy:.  Cherna a..J Tci'cst nrese
czuunt for 100,000 hac, of which 60,000 ha will bLe
reguivcd for cropland, Licmestcads aud settlemants, T
all of the chena land were used, somas 27,000 ha ef forest

would still be resuricad. lowever, sinzc chena Mand

[¥s

5
scaticred, not ell of it would ke uscd, lence the

u
requiremeut for forestcl areas could excecd 27,000 hn,

The physical impact on the cxisting project area popul.
tion is thought to be wodest :  the existinz populution
of 23,000 +ill for 1ihe most part Le able to continue *o
live in or ncar their present lozaticns. No homes will
be iundated, Like in the Jl arca the duwellings nsw
situnted on what will bLecomz paddy land will reguive
relocation to ncarby upland (not suitable for iriigatizn).
llowever, the present scttlioment pattern already favours
the uplands. Any settlement should not entail great
expense to families since most existing hom:s are nnt of

a permanent nailure.

v
tlemznt avrcas. Somc 2% communitiecs (mAne or more
clusicers ol diellings) can be identaliedl. Tew villages
izve more thun 100 dwellinzs. Fow clitsters have to lie
woved to make way for new poddy londs. This beeomss
clear when the presa:nt settlements and the nroas to he

irrig.ted are examined (sce Tigurve 6).



De%ziled planniug cf ceitlements still koe 20 Ba weleee

taken.  Treom the infzrmmation svailalle to tote, it is
srancnT, howatver, thal the Tudure settlermont patterrn

-, it
e

)

wenld tend ite bz diffuzed rathsr than cencents tcd cCon
to 1lz viderprezd natuve of the lanss that will be

arrigatsd,  Dropesed as
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“2 per zent of ths projest loczted

tiz distonce bedtween the padly fisld and
A sc r

¢istaonce betwecen ihc homestezd and +tha ncarcst clenicne

and factor, perhaps of simila

[¢]

tzry school.

Sysiem B is about 45 ku by 50 ¥m in extent and coves:
an area of some 1,3C0 kmz. From a present populatica
density of sbout 20 pox 142, e nrea will reach a
density of abeut 175 por kmz. This comparcs with &

-

9
national density of about 223 persons per km".

Syztea B is divided in*os turee planning sectors as shewm
on Figure 13. Scctors 1 ani 2 csmprise 1he lefi bank
arza of the Maduru Cya ; Scstor 1 is the arcea south

of thz

c
of the railway and Sector 2 iz the remnaining cica
e left bank., Sector 3 is ¢
In terms of expected Tarm: setileomant the scctens etve
mere or 1lcss egual @ Scetor 1 will accommodate abeout
10,000 sctiler families, Sector 2

Sectelr 3 abteut 11,500,

Zzztor 1, vwhich also incluides *he Pimhu-~ettewa Tenk

Scheme, pirczently contains the lavgiet share of tue

W
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Er=tem I propulaiion., In futwre it will have ihe high-

st ropulaticn dencity, while Ssctor 2 will have the

Seclor 13 .e 15,020
Sacior 2 .e T.O00
Scetor 3 ce 3,020

Totel Jan, o0

A detailed land use, scttleomenis unl infrastr icluse

should be prepared for Scctor 1 eof System B, the area :
prepesed for initial develeopment., Tie intergraticen

of 1ihe Pimburcttewa Scheme into Scetor 1 amd the futare

role of the township of Aralaganwila should be addressed,

Thiis plan sliould be jp:epared in 1980, concurrent ag;

TS

n cloesec co-opesation with the engincoering desien of

the dirrigation systoms forr Sector 1.

=

Setilemenis in Svstem B

(¥, ]
.
1
.
A\

The land currently in use for homestead and settlemont
is ahout 3,090 ha. 1 the pregozsed 0.5 La howestoad
concept is accepted, tha land requlirement for foatsuson!
Lemostcads wouid total same 20,000 ha,  Nonefumme
settlors on O ha plols wvould inercase the reequiromenat
to 22,000 ha, To accomuctata futwmic increasns i the
nen-farm poplotion and to provide a roseive nT settle-
ment land a fwuiher 3,000 hashieuld bLe identificd. TFor
homnestcads and scttloments som:z 25,000 ha iz to bie

plannizd fer (sec Table 5-7),
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TAZLE 5-7
LAND USE FOR HOMES[EAD AND SETTLEMENTS

(ha)

31900 Paddv farmers 0.5 ha homesteade 15,950
allow 20% total for community infrastructure 4,000
Totel land reguirement 19,920
6850 non-farm gettlers 0.2 ha plots 1,730
ellow 20% of totel for community infrastructure L2o
Total land requirement 2,159
Total homesteads settlement

land requirement to year 1990 22,100
Total requirement to year 2000

(allowing for more mon-farn

settlers and small reserve) 25,000

Notes :

1. Homesteads for upland fermers not included,as these are situated
on-farm.

2. Allowance of 20% for infrastructure (roads, public uses etc.)
considered sufficient in view of large plots; with smaller
homesteads, infrastructure requirement would proportionately be
higher.



Much of thie area will be part o7 the cconemic Lase of
tie earez, providing homestead ecreps and es commodating
iivestock. VWhile the proresals call fer the allotmont
cf plets to non-farm ssitlers, land use provicicas
ghould also e made to allew for z meosure of S=onta-
~2cis nen~foarm immig

graticn, if it were to ecour, would bz an indicciiosn:
of the attraction of the arza ; it gheuléd “bLe

e Lanpered for lack of land Zor legitimate sottleome:nt,

k)

Jer the I oarca, and ito daie in the plomuing of fysica D

.

;

\J
!

exd C, tho basie sctilsoment unite cenedilerad by

~ the Lamlet, with 100 to 125 houscholdz and a
population of 500 - (3D ;

- the +wiilage, with 200 to 50C lLiouschelds and o
a porulation of 2,000 = 2,500 {cr combinza*ion
of 4 to 5 haxnlets) ;3 and

= the township, wiih 2,3C0 tc 4,000 lhouschalds an

and a population ol 12,500 to 20,000 (or combie-

netion of 5 to 8 wvillagas),.

For each settlement type corteain Caciiiticss are plonnel,
The hamlet irould have a primary sclicol, o co-opcrutive
store and post box, vhile ihe village and townsh ip woul

have higher levels of service:s.

It is not certain at this time wheih:r e scttleounents
for System B would closzely correspond to “Mis arrs go~
meni.  The cctailsd settlements planning for the arca

\
is =till at an early stage at S, as it must buil? on

tite land clascificatien informatica only recently ce-piled

A7 2 basis for discussion, the following organisaticn of

gettlenents for System B is suggested:



ioxnzl Cenire

Lhether ilec nrea should hawe its own r1cgional centra

PRC e

cr whctihicr it slhiould rely on Pelonnnruwa to so=ve this
Tunction is 2till a malter to be detoermined. The e

Polennaruuws prosently has a pepulaticn of less tha:

10y 000e  Wilh a profectc ) yopulation for Eystem B of

“©
Cs.

over 200,607, a districy regional centre could wetd

cevelop, probalbidy at a leceation 1ilia Veliliandsa,
copoedially af dizirlict cdminisiratice funsiicne weald
be located there, llowever, if the projinect arca rcinins
divided betroen Disiricis of Polenuaruwa and Sutticalos

d
it is less likcly that a regicnal cenire would develope.
Towns

Scitlencuts of significance in the aren include Arala-
gunwila (a now villare rosulting L1om the Pimburettow:,
€evelopmant), Manampitiva and Welikanda. The latiesr

two are sitvated aleng the main cnst-wg:t rood and rail-
reade  While Welikindla is more centrally located

within System B, and with respect to the ultim:ite
pepulaiicn, Manompitiyva is at the ateway o tha cysircm
aud of Scctor 1. It would bLe uppropr;ntc tu councc:-

trate development at Manampitiya din the early ycars

of imnlemcntation, to assist this cemmunity in reaching

a sizce sullicicnt Lor allracting commwerce and zervices,
With the develepment of Scctors 2 and 3, the emphazis wmile
shift castwards to Welikanda, but by ‘hatl time Muna ompltiva
s a functionanl  centre would L establ ishoed, For Sect oy
2, north of the railroad, Trjkoumnadu could well develop

as & township, serving ponulation frca System A as well,

Fer the right bank arsa, a new ccmnuniity, Meyankolla.
c c

lep to serve the nueds of the populatio:n.



Tc provide full accoss to Secter 3, two bridges acros:

tih6 Maduru Oya will probably be rejuircd ;3 east of Aral:oe

ganwile end south cf Velikandea., Tieo upgrading of the

existing cauzeway at liran will also agein be required

it would be possible to develecn itz arca adequately

willisvt & erossing near Aralagamsila 3 21l of Scecier 3
couvld Le oricnted north and northwest., (see Figure 13),

=y

Tizmning propcsals for thiis zrea cannot be formulatzd
wntll land classilficetion iz completed and tic coitent
cl” land to Lo drsdzotal flomlse eztobliched,

Taltle 5-0 shows the indicated towms and the peprlation
sizes thiey might attzin., On a combined basis, the towns

weuld account for som: 25 per cent of the area population.

For each town, er official land use and development plan
is requried. TFer Velilanda, MDB is in the proccss of
preparing such a plan. For Aralaganwila, an Irrigati
Department plan exists which requires attention. Tor
tovns and sillages it will be important to detyrming
optimzum dimensions for lLomestcad and non-form plots to
achieve best utilisaticn ol the plots consistent with

minisnry land requircmeonts.

Villaoges

In the illustratica of settlement sizes that may be
ccnsidercd for Systeim B, the village would be (N0
Tanilies or 3,0C0 persons. Tnis is slightlz larger
than the +ill
lzuning pwposes, The differcnce is not cen-
c

age size of Z,qu to 2,500 persons currcilly
urced for

icant ; perhaps the larger .village would
be sulficiently large to allow a few more itcms of socinl

srmice.

G
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TABLE 5-8

ILLUSTRATION OF POSSIELE RANGE OF SETTLEMENTS
BASED ON AREA POPULATICN OF 202,020

Regional Centre’- Future estatlishment in System B uncertain

Towns (or Townships)

¢.g. Welikanda 17,020 (3L00 fam.)
Manampitiya 10,000 (2000 fam.)
Aralaganwile 9,000 (1800 far.)
Meyankolla ?,000 (1400 fam.)
Trikonamadu 7,000 (1400 fam.)

Viliages 10 of 600 fam or 3000 pop
Small Villages 20 of 300 fem or 1500 pop
Hemlets 50 of 150 fam or 750 pop
Subhamlets 100 of 50 fam or 250 pop

.- Scattered

Groupings of
less than 50 fam

" Total

' if established, the number of towns and town population would be

less.

50,000
30,000
30,000

37,500

25,000

27,500

200,000
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Small Villages

With 300 families or 1,500 population, such ccmmunities
would still be able to offer a basic range of servicns,
including health services. Thirty villages and gmall
villages would, with a total popuwlation of 60,000 (or
2,000 per community on average) account for thirty per
cent of the total population.

Hemlets

Similar to the MDB hamlet, but slightly larger, & com-
munity of 150 families can providz a number of commercial

and co=operative services.

@
Sub-hamlets

These communities,with a size of 50 families or 250
persons would be the smallest grouping of dwellings

to which a social service can be allocated, . It is
considered that a sube=hamlet could support an elemen-
tary school with one or even two teachers. The 50 .
families would contain a schoolage population of about
800 persons. To bring education facilities to settlemcnts
of this size might well increase the enrolment ratio.

A typical sub-hamlet could haove 60 elementary students.

Scoattered Settlement

The sub=hamzlet with 50 homesteads of 0.5 ha would require
a gross area of 30 ha, equal to an .area of 500 m by 600 m.
Ezlow the sub-hamlet level there will still be a rcquircument
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to settls families 1n smaller clusters on strips,
depending on geographaical conditiosn, present

settlement patterns, access conditions, location of peddy
paddy fields, etc. Such small clusters should in =all
cases be within easy walking distance from a higher

order settlement, so0o that access to schools is ensured.
Many of the present settlements in System B fall

within the "scattered" category.

The concept of this wide range of settlement sizes
should be reviewed in concert with the 0.5 ha Lomestead
plot proposal, and with the spatial distribution of

. peddy lands within the project area indicated by

Figure 6.

5.2.’!‘ Roads

Five categories of roads are identified : access roads, the
primary road network, irrigation system road 1link 1o0ads
and roads within settlements. Their costs are summarised

in Table 5~9.

Access Roads

These jeep-type roads are to be constructed in advance of
main and branch canal construction,for use by engineers
and surveyors, The network will cover the 225 km canzl
network, but after canal construction,these roads will

be of limited use. The total estimated cost is Rs.200,000/
km, resulting in a total estimated cost of Rs.45 million.
This cost is included in the roads bdbudget. '



TAELE 5-9
SUMMARY OF ROAD COSTS

(MILLION RUPEES)
INCLUDED IN ECON.

IYPE LENGTH RS/134 TOTAL COST OF PROJECT
1. Access Roads 225 200,000 45 b5
2. Primary Roads 135 1,320,000 178 90 (50% of ADB estimate)
3. Irrigation

System Roads 225 200,000 bs 15

(Incremental) (1/3 total length)

4, Link Roads 300 200,000 60 60
5. Roads within

settlements 600 100,000 60 60

Total Rs. 270 m.

Allocation of costs by Scenarioc is as follows :

Scenario A Scenario B
1981 Rs 45 m Rs 30 m
1982 L5 20
1983 L5 30
1984 43 30
1985 bs 30
1986 L5 20
1987 20
1988 30

1989 30
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rimary Road Netvwork

lizhway A1l through System B is a "national" road ; the
bridge across the Mahaweli is a "natinnal’ bridge. There-
fore the upgrading cost of A1l znd the eventurl constructe
ion of a separate road btridge (leaving the exicing bridge

for rail) are not considered as project costs.

Consultants sponsored by the Asian Dcvelépmcnt Bank
have estimated the following economic costs (about 1
million Rupees per kil .metre) for left bank primary roads

in System B* :

Cost
Length Rs.million
= Manampitiya « Arclaganwila 20 lm 21.6 Rs.zillicn
= Aralpaganvila = Maduru Oya
Dam Site " ' 18 Ilom 19,1 Ns.million
= Welikanda - Trilkonamadu 22 km 22,6 Rs.million

60 1m 63.3 Ns.million

The above three left bank roads now exist ; the estimated
cost is to bring them to primary road condition, as justie
fied by their importance in the system. (However, tho
Aralaganwila = Maduru Oya road is not "prime" for operation
of System B ; its present condition is satisfactory for

construction use).

Other primary roads studied by the ADE team include :

= System C spine road, connecting at Manampitiya. This
road will serve Sector 1 of System B to some degrec,
but should primarily be wviewcd os a System C road.

* Fcll formation, 24 ft pavement, including structures,
gravel surface (metal surface is estimated to cest
20% more) .
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= Right Bank roads :

Lengih Lost
Welikanda - Meyankolla 17 km}BBkm Rs., 57 million
Meyankolla - Kiran 21 km
Meyankolla -~ Punanai 14 1em Ree C1 million
Aralaganwila - Mcyankolla 23 kn Rs. 37 million
Total length on right bank 75 lkm Rs.115 million

Tha cost per km is about Rs.1.5 m, and includes twvo
bridzes across the Macduru Oya. Although some "cart
tracks" now cxist, theo right bank roads should he

considered to be new,

It is not clear at this time whether the above right
bank roads will all be required, and if s0, to which
standard and width they should be constructed. A less
expensive-main road system may well be adoquatc. For
this reason, the roads and bridges studied by the AL3D
team are included in the economic analysis at half
their estimated cost per lom, roflecting the probability
that a lower standard of road and/or shorter overall

primary network will be suitablle.

Right Dank 75 I Its. 115 50 % = Hs. 58
Left Bank 60 km Rs. 63 50 % = Rs. 32
Totul 135 Ium Rs. 178 Rse YO

The primary roads considered arc presented in Figare 13,

Irrigation System Roads

These roads will be on the banks of the canals and
ranches, As such they mako a major contribution to
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the internal road network of System B ; some 225 km of
such road will be constructed. VWhile a large rroportion
¥ill be suitable for moderate iraffic volumes, some canal
roads will require oxt>a widtl: and/or gravelling and
metallinz, This basic road network is constructed as
part ol the irrigation system, and the costs are
included under system construction, For swrlfacing andi
widening a cost Rs.200,000 has been allccatecd to one~
third of the network. The toal cost is Iis. !5 million.

Link Roads

These would link settlements to other parts of the rond
network, and would complete the rogd network, except for
roads within settlements. Many link roads already exist
but many would still be required. Much will depend on
the pattern of settlement ; many scttlements will be near
the basic irrigation road system. It has been estimated
that 300 lon of link road would be required, at o total
cost of R3,60 million.

Roads within scttlements

These are the internal roads that serve homesteads. Tiiey

are not required to talte any volumz of motorized trarlfic H
most need not be more than 12 feet in width. Allowing for
the incorporation of existing hcmesteads into the System,

som2 30,000 new homesteads ill be added to the arca.

Each would have :osme 20 metr?s of road, for a total length
of 600 km. At a cost of Rs.100,000/km, this totels

Rs.60 million. '
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5.2.5 Social Infrastructure

A significant amount of social infrastructure is

required for the project arca. The cost of providirng
schools, hospitals, post offices, police stations etc

is not considered an economic project cost as these
scxvices should be available at no cost to Sri Lanlians,

vherever they choose to live on the island., The
inancial cost of constructing social infrastructure
facilities might exceed R5.,5,000 per fomily, This,

and the operating costs, would normally be borne

by the various responsible LCepartments and Ministries,
althaugh MDB in most cases would organise cnnstruction.
Staffing and staff housing rcquirements will be considnare
able, as can be deduced from the following illustration :

Illustration of typical social infrastructure required
to support population of 200,000 :

- 130,000 m2 educational facilitiex
(or 300 to 400 schools) ;

- 1,600 teachers :

-~ 400 hospital beds ;

= 30 doctors :

- 80 nursges ;

= 300 policemen ;

= 200 religidus leaders ;

= 35 sub post offices :;: and

- 35 dispensaries. ‘

Detailed social infrastructure and operations planning
hes elready been commenced by MD3 but more work on

strnadards and benchmarlis is required.

NGaY



6. AGRICULTURAL DEVELOPMENT AND PRODUCTION
€.1 Present Situation

Traditionally the 1900 mm (75 inch) isohyet separates
Sri Lanka's Wet and Dry Zones. Rainfall at Welikanda
has a mean annual value of 1765 mm, and places the
centre of System B within the Dry Zone. The amount of
rainfall increases towards the east = Vakaneri, with
an annual rainfall of 1926 mm, lies on the fringe

of the Dry Zone.

Agriculture in System B follows the centuries-old Dry
Zone pattern. Rice is grown on all 8,000 hectares of
the irrigated land, while the slash-and-burn (chena)
cultivation method is used for annuals, mainly cereals
and root crops. Perennials and vegetables are grown
in homestead plots. Because of limited input require-
ments, this agricultural system is relatively satis-
factory, but the shifting cultivation does result in
permanent damage to forest and soil resources.

6.1.1 Rainfed Cropping

Precipitation patterns in all parts of System B are
typical of those in agro-ecological Zone DL 2, which

is characterised by heavy rainfall in tha Maha and very
little in the Yala. The Maha rainfall is high, even
for the Dry Zone. Thus successful unirrigated cropping
during the Maha is possible.

The area under rainfed upland crops in Maha 1977/78 is
indicated in Table 6-1, Figures for the considerable
areas under tobacco and coconut, and for the two
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Kenaf/sunhemp farms established at Welikana and Punanai
by the Cashew Corporation and the Paper~-Mill Corporation

respectively are not included.

The slightly higher Maha rainfall in the eastern part

of the project area represented by Batticaloa District
contributes to the larger unirrigated area documented

for that district. In both districts, the dominant

crops are maize and cassava.

Cultivation of rainfed rice on bunded fields falls into

a different category than the rainfed cultivation of
upland rice. The former method, apart from reducing water
stress, achieves low soil redox potentials that contribute
to nutrient availability. The area which is officially
recorded as being under rainfed rice cultivation in the
project area is shown in Table 6-2. With somewhat

higher rainfall and fewer irrigation facilities, the
Batticaloa District has more rainfed rice. The growing
of rainfed rice ir rarely attempted in Yala.

6.1.2 Irrigated Cropping

The total extent of asweddumized land developed under
existing irrigation schemes in the project area is
officially estimated to be approxiﬁately 7.321 hectares.
Two of the major schemes, Pimburettewa and Vakaneri,
cover 1,770 ha and 3,275 ha respectively. Pimburettewa
is a colonization scheme, as is Wadumunai (150 ha). The
numerous minor irrigation schemes account for about
one-third of the total irrigated area. Many of these
minor schemes are fed by small village tanks associated

with tpurana' villages.

* traditional



TABLE 6-1

RAINFED UPLAND CROPPING AREA IN SYSTEM B
MAHA 1977/1978

(HA.)
POLONNARTWA " BATTICALOA

CRO? DISTRICT DISTRICT TOTAL
Cereals

Maize 134 34l 478

Millet 17 15 32
Pulses 22 17 39
0il Seeds

Sesame 3L 6 Lo

Groundnuts 10 20 30
Root Crops

Cassava 11b 264 378

Sweet Potato 25 16 L
Vegetables

Chillies & Onions 67 61 137
Perennials 80 520 600

Total 597 1306 1903
A A L]

1 Note : Reference to the Polonnaruwa and Batticaloa Districts
means those parts within System B.

Source : Department of Census and Statistics.
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.EA AND CROPPING INTENSITY OF RICE
RCDUCTION IN SISTEM 2,1973-1979

MAJOR IRRIGATION SCHEMES

ASWZIDDUMIZED  CROPPING
AREA (HA. INTENSITY --

MINOR IRRIGATION SCHEMES

ASWEDDUMIZED CROPPING
AREA(RA.) . INTENSITY -

(%) (%)
. [STRICT MAHA  YALA MANA  YALA
lonnazuwa | 1232 94 41 1895 86 26
Batticalon | 2789 7% 30 399 72 13
sparai - - - [ 67 50
Cotal 5021 81 ) 2300 83 24

RAINTED

ASWEDDUMIZZD CROPPING

AREA (HA.) INTENSITY

(%)
MARA YALA
76k 92 2
5615 7 2
66 % 0
BLks5 75 2

Note : Reference to the Polonnaruwa, Batticaloa and Amparai Districts mean those parts

within System B.

Source : Department of Census and Statistics



Present land use in the project area is similar to that
in the rest of the Dry Zone. Rice, to the near exclusion
of all other crops, completely dominates the irrigated

area.

Area and Cropping Intensity

Official statistics on the asweddumized land area and
cropping intensities recorded for irrigated areas in
the project area during 1973-79 are indicated in
Table 6-2.

Under all schemes, cropping intensities are higher in
the Maha season then in Yala and distinctly higher in
the Polonnaruwa District than in Batticaloa. However;
even in the Polonnaruwa District in Maha the mean
cropping intensity does not exceed 94 per cent and in
no instance is the cropping intensity in Yala even
half that in Maha. The over-all cropping intensities
in Yala under the major and minor irrigation schemes
are 32% and 24% respectively, Present differences in
cropping intensity between Maha and Yala largely reflect
the inadequacy of the present water supply.

Yields

There have been no previous attempts to collect statis-
tically valid rice yield estimates specific to the project
area. The present study included the following :

(1) Reprocessing of the 1973-79 crop~cutting survey
data for all parts of the project. These data
were made available through the Department of
Census and Statistics (DCS) ;



- 78 -

(2) Monitoring by team members of a special crop-
cutting survey in the Polonnaruwa District in
Yala 1979, also conducted by the DCS ;

(3) Execution of a special crop-cutting survey in
the Pimburettewa Scheme, conducted by team

members.

Survey methods consisted of stratified random sampling
of villages and fields (Kumburas) within each village,

weighted for extent.

Table 6-3 summarises the average yields obtained from
these experiments. The data indicate that, in the Polon-
naruwa District, yields are higher for the major
irrigation schemes than for the minor schemes or for
rice grown under rainfed conditions. Yields in Batticaloa
District average sbout one«half those observed in
Polonnaruwa District and the differences between major
irrigation schemes and the others are less marked, 1In
Batticaloa Di=trict, even the major schemes appear to
manjfest water stress. In general, the yield data
demoustrate the importance of a reliable water supply
upon which the effectiveness of the other components

of a total input package so largely depend. Maha yields
observed from 19573-78 for major schemes in Polonnaruwa
District ranged from 5,8 t/ha to 7.1 t/ha and are indie
cative of the potential yield from improved rice varieties
under field conditions with an adequate water supply.
Conversely, yields drop to very low values (less than

2 t/ha) under extreme water stress.

Further details of crop cutting survey results are
presented in Annex E.



™ LE 6-3

L MATED TRRIGATED AND RAINFED RICE YIELDS IN SYSTEM B
{(TNNES/HA - DRYSTALX PADDY)

1
e POLONNARUWA DISTRICT BATTICALOA nIs'mIcT1
5C. _ YGAR/SFASON MAJOR SCLEMES MINOR SCHZMES RAINFED MAJOR SCHEMES MINOR SCREVES RAINFED
Maha 6.6 L.0 4.0 2.8 2.4 2.4
1) 1973-78
Yala 4.0 2.3 n.a 2.7 2.6 2.0
"2) 1979  Yala 4.9 + 0.23 2.7 + 0.5 - - - -
3 1979 Yala 4.5 + 0.31 - - - - -

1 .w3te : Reference to the Polonnaruwa and Batticaloa Districts means those parts
within System B,

L ses

(4) Reprocessed data/Simple five-year average for 1973/74 - 1977/78
inclusive. Data imcomplete. Department of Census and Statistics.

(B) 20 randenm fiele urnder major schemes; 28 random fields under minor
schemes, mean - standard error. Department of Census and Statistics.

(C) Acres International Ltd., Pimburettewa Scheme, 19 randomly selected
fields, mean - standard error.
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Existing Technology

Statistical data gathered by DCS show a progressive
spread of recently bred rice varieties and an accome
panying obsolescence of traditional and other varieties
in the Polonnaruwa District. Transplanting has also
become more popular. In the Batticaloa District, on
the other hand, all of the rice crop is broadcast, and
the traditional and older improved varieties still
predominate. Both preferences are attributable to the
uncertainty of the water supply. The recently bred
cultivars are dwarfs or semi-dwarfs which are unable
to resist the weed competition that water stress

aggravates.

Fertilizer use indicates no perceptible trend in either
district. On the other hand, the use of insecticides
has shown a marked increase in both districts, while

the use of weedicide is generally limited to Batticaloa
District. Other survey data indicate that transplanting,
fertilization, and insecticide application are more
pronounced in major schemes than in minor schemes.

A pummary of prevailing practices is provided in Table
6-4,

6.2 Potential Development
6.2.1 The Land Resource
Soil and topographical surveys executed during the present

feasibility study indicate the availability of a net
(outside major tank schemes) irrigable area of 31,900 ha



TABLE 6-4

CULTURAL PRACTICES IN TEE PROJECT AREA 1977/78
(PERCENT OF FIELDS)

. POLONNARUWA DISTRICT BATTICALOA DISTRICT

PRACTICE YALA 77 MAHA 77/78 YALA 77 MARA 78
Transplanting 100 84 o} o}
Fertilizer 33 78 100 99
Weedicides o] 16 21 75
Insecticides 17 84 54 84
New Varieties :

- older releases o] o] 28 71
- recent releases 100 8o 33 10

Source : Department of Census and Statistics.
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vhich is suitable for the double-cropping of rice. By
contrast, the net area of irrigable uplands available
for arable cropping is only some 5,500 ha, Clearly,
the Maduru Ova Project should be considered to be a
predominantly rice project. The subdivision of the
31,900 ha of rice soils into land classes and soil

cutegories is as follows :

Land Great Soil Group and Dominant Extent
Class ( Soil Series ) ha
i1 R 0ld Alluvials = Moogammana Ela 13,720

Alluvials « Timbiri Aru, Odigar Villu

Low Humic Gleys ~ Kuda Oya,Damminewela

Reddish Brown Earths « Alawakumbura,
Padimunda Kulam and Horaborawewa

2 R 0ld Alluvials - Ulpothawewa 18,170
Non Calcic Brown Soils = Boattewewa
Low Humic Gleys ~ Mailadeniya

TOTAL .. .o .e 31,890

There is a possibility of substituting upland crops for
paddy in the Yala season on the imperfectly drained

Reddish Brown Earths midway down the catena, i.e. on the

Alawakumbura, Padimunda Kulam and Horaborawewa series.
However, this rotation is unlikely to be accepted by
farmers on a large scale, due to their greater familia-
rity with paddy cultivation and the more attractive
financial return under anticipated price levels.

6.2.2 Lowland Rice Production

6.2.,2.1 Technology

A package of impro#ed practicex applicable to System B
is indicated below and in Table 6-5,
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Rice Varieties

The universal use of improved varieties along with the
appropriate package of inputs is a prime objective. The
yield potential under best farm management conditions
of the various cultivars i= as follows

Year of  Growth Duration Yield Potential

Cultivar Release ( months ) t/ha
BG 34~ B8 1971 3.0 7.2
BG 34- 6 1971 3.5 7.2
BG 94- 1 1975 3.5 7.1
BG 11-11 1970 4,5 7.2
BG 90- 2 1975 4.0 8.9
H-4 1958 4,5 5.7

The cultivars specifically recommended for System B are
BG 11-11 (4 = 4.5 months) in Maha and BG 34=8 (3 = 3.5

months) in Yala. In the flood plains, BG 34=8 should be
sown in both the Maha and Yala seasons due to the need

to shorten the growing season.

Field Water Management

Uninterrupted water flow over the cropped nr‘a, whatever
the peripheral benefits from temperature control, is
wasteful of irrigation water and should not be encou-
raged. Moreover, fertility losses may result from the
leaching of fertilizers and the removal of the finer
soil particles.

There is broadly a choice between two systems of field

water management :
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(1) Continuous submergence - involving the
maintenance of a 50 « 100 mm depth of water
on the field from the initiation of flower
primordia (24 days before heading) until the
completion of grain £illing (15 days after
heading). The water la2vel is lowered for

fertilizer topdressings.

(2) Intermittent irrigation = a system under
which the inflow of water is cut off once the
field is flooded, and is not resumed until the
water has been comvletely consumed by evapo-
transpiration, percolation and seepage.

Research results elsewhere in the Dry Zone (Maha Illup-
" alama) indicate that intermittent irrigation gives lower
yields and is not, therefore, recommended. The conti-
nuous submergence method can, howgver, be modified to
allow rotational water deliveries, as long as prolonged
dryingz of fields is not permitted,

Field water management should aim at n-intaining.n
minimum water level of 30 mm after transplanting, to
ensure adequate weed control and nutrient availability ,
While short=-term drying of fields at certain stages of
growth (from 14 days after transplanting to 54 days
before harvest) may rot be harmful to the crop, staggere
ing of transplanting dates will make it difficult to
plan for variations in water deliveries to suit the
growth stage. Irrigation deliveries, which will be made
on a "roster" or "rotational" basis, should aim at
keeping the field water levels between a minimum of

30 and a maximum of 100 mm. Careful attention by farmers
to bund maintenance and reduction of irrigation deliver-
ies after heavy rains will allow maximum possible use

of rainfall during the.Maha season,
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Transplanting

The weed control and yield benefits from transplanting
are well known (possibly 1 ton/ha). With the adequate
water supply that the proposed project ensures, trans-
planting should completely replace broadcasting in
System B, Judicious nursery fertilisation will ensure
that seedlings are neither chlorotic nor stunted at
transplanting time, about three weeks after sowing.

Fertilizer and Chemicals

The reccnmended fertilizer and chemical application
rates for selected crops are summarised in Table 6-5,

With respect to rice, the following should be noted :

- DNitrogen should be applied as a topdressing
at the initiation of flower primordia, with
a smaller topdressing just before heading.

= Furadan is used to control brown plant hopper,

gall midge and yellow stem borere. The new
cultivars BG 400 -« 1 and BG 276 - 5 are
resistant to gall midge.

~ Unless Qaed control is effective, the ugse of
dwar? and semi-dwarf cultivars is not practi-
cable.

The only troublesome dis;ase likely to occur in System B
is Slast.» The rocommended-cﬁltivara. BG 11~ 11 and

BG 34 = 8, are comnsidered to be adequately resistant to
this disease.



TAPLE -3

FHTSICAL CRCP I iTS (TER MECTAPE)

acE R0 NOINTS(MATA ) TORACCO(TALA) corron(e - 1) S(AST Cany)
Seed i T4 9% kg 15,000 seedlicge M kg 6 t=arma
Jeed Treatrent - - - . .
Fertillzer
- Nrea 215 kg 20 kg . 6> kg 112 kg 125 g 135 wy;
- Triple Super Phonphate 75 kg 125 kg 12wy 225 kg 125 g 2% kg
- Muriste of Potanh 50 kg 60 kg s kg - 125 kg 00 15
- Sulphate of Potesh - - - 140 kg - -
1
Grop Frotection Chrnicsle 1; :ﬁ:; 1 “5 0.7 lltr'r’ 1.1 Uere? 10 u"? ‘
o6 a1 7 5.6 litren
23 kg? 2.25 k;‘ 1.5 kg" - - c.6 kgm
- - - 2 k;‘ - -
I1tour
- Lard preparation -
planting 5% ~/d 20 m/d 22 -/4 122 </4 m-/3 s i
- Maintenance 37 5/4 29 n/d b1 /3 57 =/3 77 V3 5=t
- Harvesting, trarsport :
ez, 73 /4 LAV G LS ] 123 =1 ) -/4 =1
Tar= Power
- Buffslo Fair-Tagyn % pair dags - - - - -
= 2 sheel tractor hours - 30 hours 2 tours - 20 hours -
- wvkeel tractor - - - - - ) Rours
Fo*es :
' - BIC 1CY% fust 7 - Thiotan
" ~ Saturn 56 : - Fererox
T - Tararon 1 - Cartaryl
“ < Linuran 1° -« Faraquat
T = ANizotiin iroculq 17 - Furedan

= Farncrotophes 6°% IC 13 - Sio-ethcste LS £C
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6.2.2,2 Expected Yields

The recorded yield of various rice varieties under best
farm management conditions have been indicated in Sect=-
ion 6.2.2.1. The recommended varieties for System B,
BG 11-11 and BG 34-~8, both have a potential yield of
7.2 tonnes per hectare.

Yields under existing field conditions have also been
discussed in considerable detail in Section 6.1.2. Using
the cultivars BG 11-11 and BG 34-8 in major irrigation
schemes in the Polonnaruwa District, Maha yields ranging
from 5.8 t/ha to 7.1 t/ha have already been observed.

Given the input package recommended above, and recogni-
sing the magnitude of the proposed project, it is estimated
that the following average rice yields can be obtained on

a projectewide basis.

Maha Yala
Land Clasﬁ 1R 4,4 t/ha 4.6 t/na
Land Class 2R 3.6 t/ha 3.8 t/ha

The following higher yields are presented as also be{n_
practically attainable, given better farm management
conditions. They are suggested for use in gensitivity
tests in the economic analyses.

Maha Yala
Land Class 1R 4,9 t/ha 5.1 t/ha
Land Class 2R 4,0 t/ha 4,2 t/ha
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6.2.2.3 Cropping Patterns

If the above recommendations are followed for the low-
lands, double cropping with rice will include a 135 day
variety, BG 11-11, in Maha and a 105 day variety, BG

34 -~ 8,in Yala. To permit transplanting in early Octo-
ber, nurseries must be sown three weeks earlier, The
sequence illustrated in the cropping calendar in Figure
14 is identical with that now practised in most System
B lowlands.

Transplanting in the flood plains should be deferred
until after January 15, when the risk of damaging floods
has declined. This pattern differs from the lowlands
only in that a 105~day cultivar, preferably BG 34=8, is

recommended for both seasons.

6.2.2.4 Water Requirements

¥ater requirements for lowlands "and flood plains are
given in Table 6-6. Water for land preparation during

a 15 day period has been estimated by Joshuailnt approxie-

mately 180 mm and this estimate has been employed in the

present calculations.

In the case of lowland rice, deep percolation rates for
paddy fields were derived by referring to experimental
work done in Sri Lanka on the paddy field water balance.
The greater.porosity of the sandier soils which occur
in System B, (most of which are assigned to a separate
land class), was recognised by adopting a higher deep
percolation rate for the Class 2 paddy soils.



TABLE 6-6

CROP WATER REQUIREMENTS FOR THE LOWLAIDS
AND FLOOD PLAINS (mm)

J F M A M J J A ) o] N

Lowlands: Paddy (125 d)/ Paddy(105 d)

ET paddy-Maha 4g 109 23 81 135
ET paddy-Yala gy 211 228 165 M
Land prepavation 60 120 60 120
Percolation
Loss 1R 150 125 50 125 150 150 125 25 25 125 150
2R 300 250 100 250 300 300 250 50 50 250 300
Fie1§ Water 1R 299 23k 133 329 261 378 290 56 85 226 .285
Requirements oo Lug 359 4183 454 51 528 415 B4 110 k51 L35
Flood Plains; Paddy (105 d)/ Paddv(105 d)
ET paddy-Meda 72 182 162 66
ET paddy-Yala By 217 222 9k
Land preparation 60 120 Lo 120 20
Percolation 1R 25 125 150 %2 42 108 150 150 75
2R . 50 250 300 284 B4 217 300 300 150
Field Water 1R 85 317 332 304 148 317 387 372 169
Requirements op 490 442 482 446 L2s 537 S22 2uh

190

12)

15
30
2?7
L2
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6.2.3 Upland Crops

The net area available for irrigated upland ecropping is
about 5,500 hectares, 1less than 15 % of the net irri-
gable area in System B. The choice of potential crops
is, however, wide. The agronomic characteristics of
some upland crops which have potential for widespread

cropping in System B are considered below.

6.2.3.1 Alternative Crops
Sugar Cane

The upland Reddish Browia Earth soils found in System B
are suitable for the cultivation of irrigatsd sugar cane.
A plant crop plus three ratoons should be possible and,
with good management, an average yield of 67 tonnes of
cane/ha should be possible, Although sugar production
can be shown to be economically attractive when grown

on a large scale in Sri Lanka, the extreme fragmentation
of the Reddish Brown Earth soil group 1h the project area
renders this crop unattractive. Even a 400 - TCD

"mini factory" would need a sugar cane area of at least
800 hectares. Large blocks of this size are not to be

. found in the project area.

Cotton

The potential for successful cotton growing in System B
exists., The crop demands thet rains be minimal at the

time of both flowering and boll formation, and that control

of the formidable range of pests be effective. It can be
regarded as a soil depleting crop, and should be grown in

\?
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rotation with soil building crops such as socy beans or
groundnuts. Cotton can only be grown in the Yala season
under irrigation. The heavy Maha rains rule cotton out

in that season.

The successful cultivation of cotton in System B and
elsevhere in the Dry Zone will largely depend on the
establishment of an effective support structure to assist
farmers with the specialised agronomic, entomological
and credit requirements of intensive cotton cultivation.,
With good management, a yield of 1,7 tons/ha should be
possible, with accompanying attractive financial and
economic returns. Because of this potential, it is
recommended that further consideratlon be given to the
cultivation of this crop on the upland loils. Early
work should be carried out on the Experimantnl-Demon-
stration Farm,

In view of the uncertainty surrounding the true poten-
tial of cotton cultivation in System B. it is not recom-
mended for inclusion in the cropping pattern for purposes
of economic benefit calculations, however.

Tobacco

Tobacco, which is currently grown in System B, could be
considered as an attractive upland Yala crop. It is a
soil-depleting crop, howava:, and should be grown one
Yala season in two or three, in rotation with a soil-
building crop. It requires substantial fertilizer inputs
and specialised farm management techniques, A yield of
1.2 tons of cured leaf/ha is possible under good manage-
ment conditions.
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Groundnuts, Soybeans and Pulses

These crops can be grown either under irrigation or under
rainfed conditions. Their contribution to soil fertility
maintenance warrants their inclusion in various crop
rotationse Moreover, they are very suitable as inter=

crops, particularly with maize and sugar cane.

The light-textured upland so0olls in System B ere ideal

for groundnuts. With soybeans, the seed or the soil should
be inoculated with an effective strain of the nodule
bacterium (Rhizobium japonicim). Yields of 1.7 tonnes/ha
can be expected for groundnuts and pulses and 1.6 tonnes/ha

for soybeans,

Kenaf and Sunhemp

Much research has been concentrated on the agronomy of
these two fibre crops at Maha Illuppalama and experience
of their cultivation under rainfed conditions is avail-
able within System B, Diseases are not serious problems
with kenaf, but sunhemp is susceptible toc wilt and rust.
Sunhemp is a good green manure crop, particularly when
grown in rotation with tobacco. Potential yields in
terms of fibre are 1.9 tonnes/ha for kenaf and 0.5
tonnes/ha for sunhemp,

6.2.3.2 Cropping Patterns

Some of the cropping patterns whick are possible on well-
drained Reddish Brown Earths are tabulated below ¢

\"3’
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Kenaf (140 days) Tobacco (140 days)

Soybeans (105 days) Chillies (160 days)Onions(90 days)
Vegetables (90 to 120 days) Cowpea (75 days)

Maize (120 days) Pulses (60 = 75 days)

Groundnuts (110 days) Cotton (150 days)

Groundnuts (110 days) Soybeans (105 days)

From a purely agronomic point of view, the potential
cropping patterns are almost endless. Although agronomic
considerations will be one of the factors by which the
eventual choice of an upland cropping pattern will be
made, it is likely that other factors (such as potential
markets, infrastructure support, and farm financial
returns) will be more important in the decision.

For purposes of the present study an "index'cropping pattern
= groundnuts in Maha and soybeans in Yala - has been
selected as a consorvative indicator of the economic
benefits obtainable from the uplands. The input package
for these crops is shown in Table 6-5 and the orop
calendar is shown on Figure 1i4.

6.2.3.3 Water Requirements

Water requirements for an upland crop rotation are shown
in Table 6-7. A groundnuts/cotton. rotation has been
assumed as an index rotation for this calculation. Water
for land preparation during a 15 day period has been
estimated at 40 mm (Joshuaie. Percolation and other
losses on upland soils have.been incorporated into the
farm and distribution efficiency factors.

* cotton was used as an index Yala crop since its longer
duration (150 days vs 105 days) will result in conserva-
tively high project water requirements,



TABLE 6-7
CROP WATER REQUIREMENTS FOR THE UPLANDS (amm)

CROPPING PATTER: FOR UPLANDS:GROUNDITUTS (410d)/COTTON (150d)

J F M A M J J A ] 0 N D

ET Groundnuts 107 3k ‘61 102

ZT Cotten 3% 116 110 261 182 75
Land preparation 75 75

QGross Field Water
Requirements 107 3% 109 116 110 261 182 75 - 10 61 102

Note : Cotton was used as an index Yala crop to arrive at conservatively high erop
water requirements. The index Yala crop used in the economic manalysis is
Soybeans,
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6.2.4 Experimental=Demonstration Farm

An Experimental-Demonstration farmis to be established
under FAO sponsorship in System'B near the Pimburettewa
Tank Scheme (see Figure 6). The farm will occupy an

area of some 40 hectares and will include all four series
of the Non Calcic Brown Soil Group.

The ferm will provide an opportunity for experimentation
on this soil group, which covers over 30 per cent of the
overall project area. Research on other soil series .an
be carried out, where needed, on outlying farms.

Work at the Maha Illupalama research station has contri-
buted significantly to the solution of agricultural
problems on the Reddish Brown Earth soils in Agro-
ecological Zone DL 1. The System B Farm will provide
supplementary information for Agro-ecological Zone DL 2,
which has a different precipitation pattern.

The activities of this farm are expected to include a

research programme which covers :

- 80il - plant = weter relationships ;

= the effects of water management practices on
crop growth and development, weed control,
fertilizer response, nutrient availability,
and soil toxicities ;

- the formulation of cropping patterns appro=

priate to the s0il categories in System B ; and

- adaptive research which will help to bridge
the gap between experimental gtation results
and "on-farm" achievements.
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Ag its name implies the farm will also be active in the
demonstration of agricultural practises, This. will be
most useful during the early years of farm settlement.

6.2.5 Homesteads

Recent experience with homesteads in irrigation schemes
in Sri Lanka (e.g. System H) has centered around parcels
of 0.2 ha. However, the initial evidence suggests that
this plot size is not sufficient to permit the diverse
range of activities necessary to allow the settler to
adegquately supplement paddy production and total family
income. In particular, potential livestock production

is severely limited with 0.2 ha plots. The potential for
sharing the homestead with a second generation family

(in a separately constructed dwelling) is also limited.

'COPsidering the availability of sufficient quantities

of non-irrigable uplands in System B, and further consi-
dering the overall land use balance for the area, 0.5
hectare homesteads are proposed for all farmer settlers
in System B. For irrigated upland farmers,it is proposed
t0 locate the homestead gdjacent to each 1.5 hectare plot
of commercial crop land., For the settlers producing
irrigated rice on the lowlands, the homestead would be
located on nearby uplands, separate from the 1,0 hectare
of paddy land.

The relatively large 0,5 hectare homestead plot is
required to support three basic activities

- residence ;
= food crop production ; and

- livestock production.
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The "living space" and the land required for multi-
purpose cattle will require slightly over one-third of
the total homestead area. The area allocated to zattle
will not support draft animals,which are assumed to
graze paddy stubble and public grazing lands. The
remaining land is available for food crop production,
only 20 per cent of which would enter the local market,
the balance being consumed at home. Most of this area
would be allocated to maize, cassava, fruit trees, and
pulses. The homestead area can also support some
scavenger livestock, such as poultry, swine, goats, or

sheep.

The concept of a 0.5 hectare homestead will result in
less compact communities, inhabited by settlers who will
have a greater opportunity of attaining a high degree of
food and income self-sufficiency than would be possible
with smaller plots. It is recommended as an important
basic requirement for the project's success.

6.2,6 Livestock

Based on planned settlement prqponali and existing live-
stock production and resources, three possible systems
to increase livestock production have been identified :

= Integration of draft buffalo into
irrigated agriculture.

- Supplementary livestock production on arable
non-irrigated uplands.

= Development of private herds on ﬁublic
grazing land.

These alternatives could, in practice, all be developed
simultaneously.

L.
s
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Murrah Buffalo, for Draft Animals,
Milk and Surplus Stock

Cross bred (Murrah) buffalo cows could be bred to supply
draft bulls. These cows would be zero grazed (cut and
carry) on a rain-fed pasture mixture. About 0.33 ha of
improved pasture would be necessary for one cow plus an
average of 1,185 followers. This land would be an
integral part of the homestead plot. They could also
utilize crop stubble not consumed by draft animals. In
total, about 8,000 buffalo cows would be required to
generate eventually 27,000 more draft animals for entici-
pated irrigated farm power requirements in the region.
This means that approximately one out of every four
settlers would be assigned a buffalo cow at the time of
their arrival in the project area.

To obtain the basic breeding stock, it would be necessary
for the National Livestock Development Board (NLDB) to
import Murrah or Surti from.India and breed and multiply
these on government farms. These could then be crossed
with indigenous buffalo purchased from local herds. The
heifers should be 2% years of age, and in calf, before
distribution to settlers.

Zebu/Temporate Cattle,
for Supplementary Meat and Milk

Cross bred Zebu/Temporate cows and followers could also
be zero-grazed on a similar improved pasture to that
described for the Murrah buffalo. They would also have
access to stubble and, in fact, could be rotated with
dryland crops. A similar carrying capacity of one cow
and followers on 0.33 ha is required.

&
G
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In this case, cattle could first be accumulated and

bred on government farms using imported Sahiwal, A.M.Z.,
and Jersey semen. Alternatively, they could be purchased
from improved private herds already in existence . These
heifers should be in calf and about two Years of age before
distribution to settlers.

Development of Private Herds
on Public Grazing Land

Alternatively, the development of indigenous cattle for
dairy and beef production on the "Villu/Damana" lands
might be encouraged by providing milk collection points.
In this case, the herd size should be sufficient to
provide an adequate standard of living to a family withe
out any other source of income.

Grazing reserves should be set aside to protect this
form of production from encroachers. Grazing licenses
might also be required.

The grazing capacity of public lands is expected to be
apout'one cov equivalent for every two hectares of

pasture.

Co=operation with the NLDB would initially be necessary to
increase the supply of breeding stock in the project area.

All proposed livestock programmes in the region will
require the simultaneous development of effective producer
organizations and adequate government support services.
Implementation of any livestock schemes for System B
should be the responsibility of a Regional Dairy Develop-
ment Bureau which would provide extension services to
local farm co-operatives.
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6.2.7 Fisheries

The potential for fish production in the Maduru Oya

scheme is good. The most appropriate method to develop
this resource is through the stocking of the larger
reservoirs - the Maduru Oya reservoir and the Pimburettewa
and Vakaneri tanks. This approach appears most suitable
because management of fisheries in large reservoirs
requires a minimum of technical and labour input and

the investments required are comparatively small,

It is qnticipated that the water bodies can be stocked
with Tilapia, a species which is currently produced by
the Polonnaruwa fish station. In total,approximately
5,000 ha of reservoir area (area at median reservoir
level) is available for fish production,with an expected
yield of 150 kg/ha/ annum,

Fish is an excellent source of protein and would be a
welcome addition to the diet of the settlers. Some 200
fisherman families could be expected to make a living
from fishing in the Maduru Oya reservoir and major
tanks. Additional subsistence fishing could be carried
out on the smaller tanks and riverl;

6.2.8 Forestry

At present 66,700 ha or 54% of the project area is
covered by some type of forest. The distribution of
forest by class is as follows



. Dense Forest 1,300 ha
Medium Forest 49,800 ha
Light Forest (parkland) 11,200 ha
Plantation 4,400 ha

Total 66,700 ha

Although the exact areas to be cleared will not be known
until detailed planning and design of farms and settle-
ments is undertaken, it is estimated that some 25,000 ha
will be cleared for development. In settlement areas

movre selective clearing practises can be applied.

The project will bring about the systematic harvesting
of the forest resource. If left under present conditions,
it is likely that much of the remaining forest would be
degraded by chena cultivators who already are active on
over 25 % of the System B area. It is therefore appro-
priate to claim economic. bensfits for the project from
the forest areas that are to be cleared. These areas
will yield a modest quantity of commercial.timber and
considerable quantities of fuelwood and building mate-
rials. Yields and total quantities are summarised as
follows :

- Commercial timber (5 m>/ha) 125,000 m>
= Poles and posts (200/ ha,each 2.4m) 12 x 10611:;“;- o

« Firewood (14 mj/ha) 350,000 m3

To ensure future availability of forest products, parti=
cularly fuelwood, reforestation is proposed;. Such
reforestation will be of the plantation type, supplemented
by introduction of better utilization methods for parkland
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areas, and selected plantings on canal banks and in
settlement areas. The active participation of the
farmer/settler in the reforestation programs will be

essential.

Reforestation of 7,00 ha is proposed as an initial
program. One hectare of reforestation with eucalyptus
can be expected to yield 85 m® by year 15 and a further
64 m°> by year 30. A plantation of 7,500 ha will yield

about one million m3 of forest products.
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7 AGRICULTURAL PROJECT BENEFITS
7.1 Introduction

Calculation of the economic benefits of the project is
undertaken with economic prices,which represent real

costs to the national economy. The market or financial
prices which exist today often do not relect actual costs.
Examples of this include fertilizers, which are heavily
subsidised, and paddy, the price of whichis well below
current international levels. Prices are expreszed at
levels which are expected to prevail during the life of
the project. For commodities traded internationally,
prices of both .inputs and agriculture products are based
on IBRD forecasts for 1990 which are expressed in 1979
constant currency,,. Prices are calculated on the basis
of import substitution or export. For prices of commo-
dities not traded intermationally, current local prices
are used as representing future price levels expressed

in 1979 constant currency. Markets and prices are briefly
examined in Section 7.2 below.

Agricultural project benefits accrue to the project from
several areas. These include new areas under irrigation,
augmentation of the area cropped in existing tank schemes,
agricultural production on homestead plots, and benefits
from fisheries, forestry, and livestock. Benefitsz from
irrigated crop production are considered . in Section 7.3
on a "without project” basis and a "with project" basis

so that net benefits can be obtained. All other benefits
from agriculture are computed as incremental benefits
directly attributable to the project.

Two finel sections - Sections 7.4 and 7.5, examine
financial farm income and identify some of the more

important micro and macro-economic implications of the

project.



TARLE 741

PANKINS OF PIOFT HOTENTIAL

Sapaly resioral/lecal At o relfonifficiency

Sapaly rn.;i:r_nl/l»c-ﬂ_ “nr e oelf auffirien~y

Tatrntial ats% Yeentortoomop integ 1 ion

MACET POTINTIAL AGRONUIO¥IC VIAcN, FRIANCIAL 7l
2e0rIcT St v ; couSTTIPATIONS PROTIT prOTIT IS WCIPEIATE 1
) ) .y (¢2] ()
Rize 4 2 3 2 3 Yaxleum Zvtent Ponnible
Sroaminuts 5 7 97 ] 7 7 4 ?
3ayteans h 7 Vi % 7 7 6 7 } fisrfoun ronaidsration on “'planis
Totacco h ° & L] 6 m 7 9 ?
Cottan " 2 H| e B 3 6 7 4 Faanir:1ity on “planda
Sigarcere 10 1 bl fy [3 E 9 B 5 }
Titres 5 * 7 P X " E] 3 s ne o s—=andeld
ul.e E] 1 ) 2 L] ) 3 h .
Tasmtables D 1 L ] '] ;] 1n 9 L] }
Cranara ? 5 5 4 [ I, E] h <
fnire 5 1 5 ? 7 21 cl x } Lot rece-conled
3irghun 5 1 4 ? 7 7 E] 3 N
Feiis & " t. - 7 7 7 ° .
Sairy/Seel 1 @ 5 3 & - s &
O ter Li-entns D ? 3 = 7 4 I . [ }

1 — 10

D - fiay ¥actnr in Asncc-ment. 3707 —————= ¢

Dr=estic -arzet c3tldok
Irternntional ~arket eciatleonk

Sotla, ir-i:iticn consiraiata, irseczca, dineasea

Cit-1tie

Infraete.:
Tar-ap poalfisaei]isy

.etirey *93 raticraal ~rymn-y

2) si-ple avery = of oriinal “arzingn


http:Afrmflo.1C

7.2 Product Potential and Prices
Te2e1 Product Potential

The list of potential crops which can be grown under
irrigated conditions in System B, and the Accelerated
Mahaweli Programme in general, is long. Numerous

criteria can be used to determine the suitability of

a specific crop for production under irrigation.

_The suitability of crops for System B has been examined
with reference to the following criteria :

¢« National market nprospects

» International market prospects

e Agronomic oonsiderations

o Environmental considerations.

e Farm mnagement

¢ Infrastructure support

e Relative financial profitability
e Relative economic profitability

The first two factors relate to marketing of the crop

in either the international or domestic markets. Thus,
import substitution crops such as sugar, rice and cotton,
and good export crops such as tobacco and rice would
rank high using the national and international market
criteria respectively., Alternatively, crops for which
the country is self-sufficient or those for which
international market prospects are poor would rank low,

Agronomic factors relate to soil characteristics, irri-
gation technique constraints, and the susceptibility of the

the crop to insects, diseases, etc.

Environmental constraints include climatic factors such
as the amount of rainfall and other ecological factors.


lfiore
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TARLE 7-2
SUMMARY OF FINANCIAL (ECONOMIC) PRICES

IR FINANCIAL (ECONOMIC) PRICE
Fertilizer - Urea Rs. 980/ tonne (Rs. 3899/tonne)
- TSP Rs. 1335/ tonne (Rs. 4145/tonne)
- Muriate of Potash Rs. 1065/ tomne (Rs. 2649/tonne)
- Sulphate of Potash Rs. 1420/ tonne (Rs. 3532/tomne)
Crop Protection
Chemicals - Monocrotophos Rs. 189/ litre
- Diomethoste Rs. 11/113 ml.
= Thiodan Rs. 87/ litre
- BHC 10% Dust Rs. L4,40/kg
- Saturn €% G Rs. 8/kg
- Linuron Rs. 40/kg
~ Furodan Rs. 12/kg
- Peranox Rs.. 23/kg
Farm power - 2 wheel tractor Rs. 20/hour (Rs.2k.70/hour)
- Pair of buffalo Rs. 50/day
Farm Labour ~ Hired Rs. 16/day (Rs. 6/day)
- On-farnm Rs. - (Rs. 6/dsy)
Agriculture .
Produce - Paddy Rs. 1900/tonne (Rs. 3500/ tonne)
- Soybeans Rs. 5100/tonne
- QGroundnuts Rs. 5600/tonne
- Fulses Rs. 5300/tonne
~ Maize Rs. 2000/tonne
= Chillies Rs.19,000/tonne
- Cassava Rs. 500/tonne
- Vegetables Rs. 1000/tonne
- Bananas Rs. 11/bunch
Livestock '
Producte - Milk Rs. 1.31/1itre (Rs. 2.21/litre)
- Beef culls Rs. 3.30/kg Live Weight (L.W.)
- Beef Heifers Re. 6.60/kg L.W.
Forest Products - Commercial Timber Rs. 1l+o/m3
-~ Firewood Rs. 10.60/m3
- Poles and Ports Rs. 3.00/each
Fish - Tilapia Rs. b/kg

1. Unless indicated in brackets, the ecomumic price is taken as equivalent
to financial price.

&
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Farm management criteria include technological issues =
start-up costs, local experience with the crop, and

certain social-cultural constraints - all of which
impinge on farmer adoption rates. Also included are
the credit requirements which relate to the farmers!

aversion to risk and his desire for self-reliance.

The public support criterion includes all forms of
support necessary tc make the product a success, includ-
ing marketing and production facilities, input supply,
and extension services. These factors need not be in
place for a crop to rank highly but at the very least
they should be well developed somewhere within the

country,

The profit criterion incorporates both financial and
economic profitabilit&. Financial profitability refers

to the return the farmer actually receives after dedu-

cing his production costs, including that of credit.Economic
profitability, on the other hand, refers to the return

to the country after adjustments are made for subsidies,
real labour costs, and world market prices.

Table 7-1 illustrates an ordinal ranking of the eight
criteria (10 being excellent and 1 being poor) for crops
which have been considered for production in System B.
The "Aggregate Assessment" column is a simple average
of the ordinal rankings of all eight factors and, as
such, can be termed a relative indicator for crop

selection.

Not unexpectedly, the results indicate that
paddy ranks highest and should therefore be produced to the
maxioum extent possible. On the uplands, promising crops
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include soybeans, groundnuts, tobacco, and possibly
cotton. Pulses, vegetahles, and fruits also appear
attractive but output is limited to regional/local
markets. Thus, extensive cultivation of these crops
should not be considered at this time.

The potential for dairy/beef productz and other livestock

products also appears attractive.

Table 7-1 also indicates the key factors in the analysis
which, if a rigorous weighting procedure were employed,
may override the aggregate assessment. Ihe reader is
cautioned that the indicator is relative only and is
based on an assessment of eight factors, each of which
is extremely difficult to reduce to an ordinal ranking.

7e2.2 Financial and Economic Costs and Prices

A summary of the prices of the major inputs and various
agricultural produce which were used to calculate project
benefits is shown in Table 7=2. Where economic prices
differ from finnncinl.prices, the economic prices are
shownrin brackets and are used to calculate the agricul-
tural benefits,

The major areas where economic and financial prices
differ are for fertiliser inputs and for paddy. At
present, the cost of fertiliser to the farmer is heavily
subsidised by the government, which provides fertiliser
at about one third its actual cost. At the same time,
the.. price for paddy under the Guaranteed Price Scheme
is about two thirds of the world market price. One result
of these differences is an economic return from paddy
production which varies considerably from its financial

return.
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7.3 Net Economic Benefits of Project

7301 Irrigated Crop Production

Irrigated crop production must be examined on the basis
of the "without project” situation as well as the "with

project" situation so that net benefits for the project

can be determined.

Without Project

The present situation with respect to agricultural activity

in System B has been described in detail in Chapter 6. The
intent of this szection is to quantify the current level
of existing benefits from irrigated crop production for
purposes of economic analysis.

The economic return from paddy production is assumed to
be similar to the return for the "with project" situation
with comparable yields (see Table.7-4). Table.7=3 summar-
ises the area cropped, the yields achieved in each season
and estimated current ecomnomic returns per annum. The
areas are taken from the present land use estimates.

Although mome minor improvements in yields may be expec=~
ted in the situation where the project does not exisi, it
is assumed that the net economic return remains unchanged,
In effect, this means that additional returns from yield
improvements are offset by lower product prices or higher
production costs. This is in line with the "with project"
situation ,where net.returns are assumed to remain unchanged
once the target yields have been achieved.



TAELE 7-3

ESTIMATED AREA, TIELD, AND NET RETURN
OF EXISTING RICE PRODUCTION IN SYSTEM B

NET IRRIGABLE AREA(HA.),l YIELDS NET RETURN/YR.
AFEA W.AHA YALA MAHA/YALA(T/HA) RS.{(MILLIONS)
Pimburettewa 1,260 1,160 ‘-i.'-i/lo.l!g 23
Vakaneri/ 3 '
Punanai 3,530 880 2.8/2.8= 18
Small Tanks 2,700 sko 3.2/2.1ﬁ 16
Rainfed 4,000 - 3,2/02 22
Total 11,490 2,580 79

1. Areas estimated by referring to the map of present land use (Fig.4)
and official statistics.

2. Estimated Crop cutting experiments by the consultants in Yala 1979
indicated yields of over 4.htons/ha, but this figure was adopted

. to be .consisient with "with Project" assumptions.

3. Latest 5 year "mearn" - DCS - Batticaloa District Major Tamks.

_‘l. Latest 5 year "mean" Polonnaruwa.+ Batticaloa ‘Districts - Minor Tanks, DC!

5. latest 5 year "mean" Polonnaruwa + Batticaloa Districts - Rainfed.DCS.
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RICE (MATA)

AR

</— et Yield (t/ha) L.L
" onomic Price (Rs/t) 3L67

- ‘ross Value of
Production (Rs) 15235

t .5t of Production:(Rs)

F-rtilizer 1281
( op Protection 399
Farm Power 1800
) bour 1050
Miscellaneous (seeds,

bags ete.) 863

. Total Cost of
P-oduction 5393

. t Value of
Production/Crop(A-B) 9862
1.t Value Year 1 5917

‘ 6903

( 7890
- 8876
9862

9862

9862

- 00 9862

0~ O\ & W

2R

3.6
3467

12481

1281

399
1800
1050

863

5393

7088

*+ L253

ko62
5670
6379
7088
7088
7088
7088

RICE (YALA)
IR 2R
4.6 z.8
3467 3467
15948 13175
1281 1281
399 399
1800 1800
1050 1050
863 863
5393 5393
10555 7782
6333 Le6g
7389 Suk7
IANA 6226
9500 7200k
10555 7782
10555 7782
10555 7782
10555 7782

GROTNDNUTS(MAHA)
W=
1-? 1'5
5572 5572
gh72 8358
1028 1028
156 156
741 741
678 678
1045 1045
2648 3648
5824 L7210
3494 2826
3786 3062
Lo77 3297
4368 3533
L4950 Look
5242 L2139
5533 Liy7s
5824 L4710

SOYBEANS(YALA)
T 2
2.0 1.6
5143 5143
10286 8229
882 882
192 192
741 741
774 77h
826 836
3425 3425
6861 L8o4
L4497 2882
Lu60 3123
L4803 3363
5146 3603
5832 4083
6175 4324
6518 Lseh
6861 L8ok
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In addition, about 33,000 ha or 25% of the gross project
area is under chena cultivation with approximately 4,000
families engaged in this activity. But, because of the
long-term detrimental effects of chena cultivation, the
net economic return is considered to be zero in both the
"without project" and "“with project" situations. Much
of the present chena cultivation takes nlace in areas

vhich are not to be developed in any case.

With Project

Under project conditions, the benefits from irrigated
agriculture will accrue primarilylfrom the production

of paddy in newly irrigated areas, but also from an
increase in the production from existing tank schemes

and from the production of upland crops. The upland
crops account for about 10% of the total projected area
under irrigated agriculture in System B, Chapter 6 has
detailed those crops which can be grown successfully from
an agronomic point of view on the upland soils. However,
since agricultural returns from upland crops are more
uncertain than thq returns from rice production (due to
marketing factors, infrastructure requirements, etc.) a
representative return for the upland crops is calculated
on the basis of a groundnuts/lqybean rotation in Maha/
Yala on Class "2U" upland soil, but applied to the total
area allocated.to.upland crops (i.e. both "1U" and "2u"
Land Classes).

Agricultural benefits from rice production in new areas

have been calculated on the basis of rice yields (tonnes/ha)

as follows : .. e
Maha Yala

Land Class 1R E.E 5.5
Land Class 2R 4,0 4.2
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Maximum economic returns are not achieved in the first
year of agricultural production. For paddy, a 5 year
development period is used, while for upland crops, an
8 year development period is anticipated. Each begins
with 60% of the net benefit achieved in the first year
of production. These build-up factors reflect not only
lower yields but also situations which may impact the
economic return such as poor initial levelling of the
land, water stress due to start-up problems with the
delivery system, shortage of inputs, etc. The eoonomic
return for one hectare of paddy and the representative
upland crop rotation is shown in Table 7=4. This Table
also illustrates the return during the build-up period.
After the target economic return is reached, no further
increases are assumed. Economic benefits of improved
Yields are assumed to be offset by lower rice prices or
higher production costs. To calculate the annual esconomic
return from each one hectare farm, a cropping intensity of
98% in Maha and 90% in Yala is used, This return is
further reduced by 5% to agcount for bunds and other
minor land losses on each farm.

Chapter 4 ° . details the net irrigable areas which can
be allocated to farms. Two development scenarios are
considered and Table 7-5.indicates the rates at which
different sectors and land classes in each sector come
into production. The figures may differ slightly from
those presented in.other parts of the report but equal
annual divisions of various soil classes in each phase
have been assumed for calculation purposes., These areas
include small tanks and rainfed areas which presently
exist but exclude the Pimburettewa, Vakaneri and Punanai
schemes, which are treated separately. Upland areas do
not include homestead allocations.



AELE 7-5

TTIAL AGRICULTURAL PRODUCTION

. 1000 HECTARES)
' SCINARIO A

1983 1984 198 1986

. iECTOR/LAND CLASS M

,Sector 1 - IR
, - 2R
~ 10420

" jector 2 - 1R

- 2R

- 10+20
Sector 3 - 1R

- 2R
10420

_SCENARIO B

1983
SECTOR/LAND CLASS Y

(' tor 1 - 1R 1.275 1.275 1.275 1.275

J=
Ix
(5]
Ix
[
Ix
P

2.55 2.55
2.15 2.15
1.05
2..8  2.48
345 3.5
1.80
1.83 1.83

3.49 3,49
1.28

1988. 1989
Y M

© 1684 1985 1986 1987
M Y M Y M Y M Y

¥ b4

~. - 2R 1,075 1.675 1.075 1.075

- 1U+20

Sector 2 - 1R soil
- 2R soil
- 1U+20

jector 3 - 1R s0il
- 2R s0il
- 10+20

.525  .525

1.250 1.250 1.250 1.250
1.725 1.725 1.725 1.725
900 .900

910 910 .910 .910
1.740 1,740 1,740 1,740
5328.6%

'Note : The Upland areas shown sbove do not include homestead allocation for Upland

farns (1375 ha).
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Agricultural benefits also result from increased areas
vhich can be cultivated in the Pimburettewa, Vakaneri
and Punanai schemes. This increase occurs primarily

in the Yala season with Yala 1983 being the first season
for which these additional benefits are calculated. The
net irrigable areas (and projected yields) for these
schemes which can be cropped in Maha and Yala when addi-
tional irrigation water is available are shown below :

Area Net.Irri.able Projected Yields (t/ha)
Area zha; Maha Yala
Pimburettewa 1,660. . 4,4 4,6

Vakaneri/Punanai 3,530 3.8° 4.0°

For Pimburettewa, Vakaneri and Punanai schemes, a similar
five~year build-up from present yileld levels to the above
levels is assumed.

Using the areas in Table 7-5 and returns shown in
Table 7-4, net economic.returns from irrigated crop pro~
duction in the 'with project" situation are calculated and
summarised in Table 7-6. Returns from small tank areas and
rainfed rice are included until these areas are deve -
loped under the project. In the case of the small tanks,
some rehabilitation will be necessary ; costs for this have
been included in the capital cost estimates.

7¢3.2 Homestead Food Crop Benefits

Using the available data on existing production and con=-
sumption patterns, the net revenue from a homestead plot
has been estimated at Rs.6,000 per productive hectare

* Weighted average of 25% R1 soil and 75% R2 soil,




TAELE 7-6

NET ECONOMIC RETURNS FROM IRRIGATED CROP PRODUCTION
(WITE PROJECT, MILLION RUPEES)

SCENARIO A SCENARIO B

IEAR A B £ 2 E 4 B ¢ D
Year 1 (1980) 38 - - 17 38 - - I
2 ¥ - - h17m 3 - - 4
3 L T 1 S AL
4 26 - 22 62 110 30 - 11 62
5 & - 126 71 201 26 - 59 71
6 - 5 254 7 335 20 1 18 %
7 - 19 368 80 467 6 6 193 80
8 - 23 WL17? B85 525 - 8 275 85
9 - 26 459 87 572 - 16 356 87
10 - 27 483 87 597 - 22 k25 87
11 - 30 4o 87 607 - 27 45 87
12 - 32 Loo 87 609 - 28 W76 87
13 - 3 L9p 87 61 - 29 LBB 87
14 - 35 L49o 87 612 - 32 boo 87
15 - 35 L0 87 612 - 33 Lo 87
16 - 35 Lgo B? 612 - 34 Lo 87
17 - 35 Lso 87 612 - 35 490 87

A = Smpall Tanks, Rainfed Areas
B - Upland Crops

C - New Areas (includes areas previously included under Category 'A' when
additional irrigation water available)

D -~ Pinmburettewa, Vakaneri, Punanai Schemes

E - Total

E

73

79

75
103
155
215
285
368
k59
534
569
591
604
609
610
611
612
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per annum, This is an implicit economic value for
homestead production, irrespective of its final desti-

nation.

It is anticipated that a total of nne-half hectare of
land will be allocated for each homestead, but this land
must also be used for a house and "living space”". The
potential cultivated area is therefore about 0.4 hectares,
In turn, the 0.4 hectares must be allocated to livestock
as well as food crops. The area deducted for "living
space" and livestock is approximately 20 pef cent and

17 per cent respectively. This reduces the effective

homestead food crop revenue to :
R5,6000 x .5 x 63 = Rs.1,900 / Yr./ family

Total benefits would be realised in either four or seven
yvears, depending on the project development rate. Two
alternative schedules are provided in Table 7-7.

7.3.3 Livestock Production

Only the Murrah buffalo development plan was evaluated to
determine the economic contribution of such a programme

to total project benefits from agriculture., These buffalo
would supply irrigation draft power and supplement farm
incomes with milk and surplus stock disposal.

The principal objective of the livestock program is
eventually to generate all the draft power required

by paddy farmers in System B. The projected deficiency
is 27,000 head. In total, about 8,000 buffalo cows would
be assigned to approximately one out of every four settlers
at the time of their arrival in the project area.

VA



TABLE 7-7
PROJECTED HOYESTEAD BENEFITS FROM FOODCROPS

SCENARIO A
YEAR CULTIVATED LIVESTOCK NET ARE NET BENEFITS,
ARZh, AREh,, (RS.MILLION)
YEAR (1) (2) (3) (4)
1 1,717 392 1,322 7.9
2 5,627 1,293 4,334 26.0
3 9,974 2,233 7,741 4.4
L 12,650 2,679 9,981 59.9
SCENARIO B
CULTIVATED LIVESTOCK NET ARER, NET BENEFITS,
AREA, AREA, (RS.MILLION)
YEAR (1) (2) (3) (4)
1 840 . 197 643 3.9
2 . 2,521 579 1,942 1.7
3 4,658 1,041 3,617 21.7
b 6,978 1,545 5,433 32.6
5 9,207 2,007 7,200 43,2
6 11,326 2,43 8,883 53.3
? 12,660 2,679 9,981 59.9

1. Number of pewv settlers X O.4. New settler total is approx. 34,650-3,000 = 31,650.

2. Cumulative besf cow total divided by three. The rate at which sulti-purpose
beef cows are introduced into the project area is directly dependent on
ineremental settlement rates. A total of 8036 cows are required at project
maturity (to obtain 27000 draft animals), each of which (with followers, excluding
draft animals) requires 1/3 hectare, i.e. 2679 hectares. For further details,
see Section 7.3.35 and Annex F.

3. Column (1) - Column (2).

4, Column (3) x Rs. 6,000 per hectare.


http:RS.KLI.ON
lfiore
Rectangle


- 107 -

To estimate the net economic benefits of such a program,
two initial calculations are required :

-~ a budget which forecasts annual net revenue

on a per-unit basis ; and

- a schedule indicating the number of buffalo
cows which must be introduced into the project
area annually during the implementation period
so that a herd of 27,000 draft animals can

eventually be generated.

The budget is summarised in Table 7-8 and the schedule
is shown in Table 7=9. Further details are provided in
Annex F,

With these data,budgets for each annual sub-program were compil
and then aggregated to obtain a net revenue estimate for

each year during the economic life of the project. To this
total, some Rs.2.25 million/annum was added as an additional
net benefit via existing draft animals which will subse-
quently be used for two croﬁs per year instead ol one.

The resulting estimates are provided in Table 7-10,

7.3.4 Fisheries

Fish production is to be developed in Svstem B for approxi-

mately 5,000 hectares of reservoir area as follows ¢

Maduru Oya Reservoir 3,900 ha

Pimburettewa Tank 580 ha
Vakaneri Tank 240 ha
Various Small Tanks * 280 ha

Total 5,000 ha

\W



TAELZ 7-%

ANKUAL BUDGET FOR 1000 MURRAH BUFFALO COWS
(MILLION RUPEZLS)

GROSS REVENUE TOTAL COSTS NET REVENUE
YE2R (1) (2) (3)
1 1124 6511 (5387)
2 112k 603 521
3 1343 603 746
4 1679 603 1076
5 2003 603 1400
6 2321 603 1718
7 2632 603 2029
8 2938 603 2335
9 3240 603 2637
10 3533 603 2930
1" 3929 603 3326
12 L2119 603 3608
13 4486 603 3883
4 <o 4846 603 L243
TAELE 7-9
ANNUAL BUFFALO COW PURCHASES DURING
PROJECT :l:r«:!’L.'::M'r:NrATIori1
YERR SCENARIO A SCENARIO B
1 1184 580
2 2695 1158
3 2821 1385
4 1336 1512
5 - 1385
6 - 1310
?7 - 206
8036 8036
1. Total allocated according to irrigation settlement rates.

1[/ ¢
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TARLE 7-10

POTENTIAL LIVESTOCK EENEFITS WITE PROJECT

(MILLION RUPEES)

O 00~ v\

[ T R O N S e e T
O 0 00~ Ov\n &~ W NV 2 O

SCENARIO

(4.1)
(141.7)
(10.7)

(0.2)

9.6

12.1

14,7

17.2

19.7

22.1

2k.6

27.3

29.9

32.4

34.5

35.9

36.3

36.3

3.3

3.3

SCENARIO B

(0.9)
(3.7)
(.2)
(3.7
(1.3)
1.1
6.9
13.3
15.8
18.3
20.8
23.3
25.9
28.b
30.8
2.8
kb
35.4
6.1
36.3
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With a yield of 150 kg/ha/year and a price of Rs.ki/kg,
the net economic return to the project is Rs. 2 million
per annum. Table 7-11 illustrates the economic budget.

The recurring costs include the operating coets of a
fish station,which. will be shared by Systems B and C.
System B's share of the capital cost of this station is
approximately Rs.1 million. Other major capital cost
items include the removel of trees from Pimburettewa
Tank and the cost of boats, nets, tools, etc., Total
capital costs are estimated to be Rs.3 million,

The resulting cash flow for the fisheries activities in
System B is shown below

Net Benefits
TRs, Million)

(1)

(1)

(1)

.1,

1

- 00 2

Year

[-A NN B - R VORI

The above cash flow schedule is applicable to both deve-
lopment scenarios.

At full development, the fishe:'ies activity will yield
750,000 kg/annum,which amounts to about 3 kg/capita, a
small portion of the anticipated annual per capita fish
consumption. All output should therefore be marketable
within the project area without difficulty.



TAELE 7-11
FISHERIES ECONOMIC BENEFITS

Yield

Price

Gross Return
Recurring Costs
Labour Costs

Net economic Retura
Anpual Economic Return

for Project at Full
Development

150 kg/ha
Rs. b/kg

Rs. 600/ha
Rs. 75/ha
Rs. 96/ba
Rs. 429/nha

Rs. 2 million

I

ARV
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7:3.5 Forestry
Two types ol forestry benefits have been identified :

- benefits frou <iearing forest
= benefits from reforestation

Benefits from Clearing Forest

As a basis for the clearing estimates it has been consi-
dered that the equivalernt of 25,000 ha of medium forest
would be cleared. Four classes of clearing benefits
have been identified.

- Commercial timber
The medium forest is estimated to Yield some
5.1 m3. per ha., The value of thil_lbod
resource is taken at Rs, 140 per .ma. The
area to be cleared would yield 130,000 m3
‘with @ resultant value of Rs.18 million.

- Poles and posts
The yield per ha is expected to be some 200
Poles and posts of average length of 2.4 m
and average diameter of 5 cm. The value has
been set at Rs.3 per post or pole, for a total
of Rs.600 per ha and a total benefit of Rs.15
million.

= Firewood
Some 14 m3 of firewood can be extracted
Per ha. The economic value of firewood has
been set at Rs.10. 6 per m° for a produc-
tion per ha of Rs.150 and a total benefit of

Rs, Ii million.
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- Cost of clearing
In the construction estimates, allowance is
made for the full cost of forest clearing.
However,once the merchantable timber, etc. has
been harvested,it is considered that the actual
cost of clearing will be lower than that which was
allowed as a cost in the development of the
irrigation system. A reduction of Rs.500 per
ha in clearing cost has therefore heen taken
as a forestry benefit, although it could also
have been taken as a reduction in the system

development cost.

The total clearing benefits for 25,000 ha are as follows :

Commercial timber Rs, 18 million
Poles and Posts Rs, 15 million
Firewood Rse 4 million

Beduction in clearing cost Rs., 13 million

Total Rs, 50 "million

Benefits of Rs.50 million have been applied over the
period 1981 to 1985 for Scenario A, and over the period
1981 to 1988 for Scenario B.

Benefits From Reforestation

Reforestation in either plantation or intensification
form is proposed for 7,500 ha, The species proposed is
eucalyptus, with sawlogs and fuelwood the main products.
Cost of reforestation iz estimated at Rs,875/ha, resulting
in a total cost of Rs,6.6 million. Forestry benefits
would result from two cuttings® « the first in Year 15

* These assumptions have been made for simplicity in pre=-
paring a cash=flow summary. In practice, forestry benefits
can be expected to be more evenly distributed over the life
of the project.
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with a yield of YBS m3/ha and the second in Year

30 with a yield of 64 m’/ha. Valued at Rs.350 /i .
f£t, total forestry benefits are Rs.395 million over the
project analysis period. In Scenario A, initial planting

is spread over 5 years while in Scenario B, it is spread

over 8 years.

Teble 7-12 illustrates the net cash flow for forestry

benefits resulting from clearing and reforestation.

7.4 Financial Farm Income
7elbel Farm Budgets

Large economic benefits to agriculture do not necessarily
imply that farming will actually be a viable proposition
for the individual producer. This peculiarity can arise

for three reasons @

= The economic analysis is conducted using
"ghadow" prices and costs which may bear
very little resemblirnce to existing finan-
cial prices in ths sountry. The latter reflect
taxes, subsidies, »xport and import controls,
and other prevailing institutional constraints.

- The economic analysis is conducted on an annual
basis. Within = year cash flow considerations

are usually ignored.

« The economic analysis is a long-run analysis,
covering a period of 40 or 50 years. A far-
mer who plants a crop which does not"bear fruit"
almost immediately may well go bankrupt before
the benefits accrue.
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TABLE 7-12

NET CASH FLOW - FORESTRY
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An annual farm budget' has therefore been prepared to
anticipate actual farm conditions on two principal farm
types considered here, an summarized in Table 7-13,

This table indicates the net cash flow from crop prod-
uction, as well as the projected net cash flow position
of the farm family after a minimum monthly cost-of-living
allowance has been deducted from the crop cash flow. The
cost-of-1living allowance is estimated at Rs,500 per
month, less the value of food generated by homestead
production (Rs.160/month) and (if applicable) rice
(Rs.125/month) and livestock production (Rs.45/month).
The estimate for August can be interpreted as his cash
balance at the end of one crop year.

The relevant annual disposable income estimates are :

Paddy farmer (with buffalo) 1 ha = Rs.8,400
Upland farmer 1.5 ha = Rs,Q,200

Table 7-13 alsc sho rs that when an adjustment is made
for the value of home production, the remaining disposable
income for both farm types is very similar.

7.4.2 Implications for Farmers

A number of points pertinent to succesiful farm develop-
mer.t should be stressed :

(1) It is highly desirable that the paddy farmer have
his own draft buffalo. Buffalo ownership reduces
his farm costs by 25 = 30 per cent :22 reduces his
cash food outlay considerably. The saving is about

* Based on existing (1979) prices for inputs and paddy.



TAELE 7-13

FINANCIAL FARM CASE FLOW PROJECTIONS
AT PROJECT MATURITY

(RS)
PADDY FARMER(WITE DRAFT) UPLAND FARMER
CUMULATIVE FARY  CUMULATIVE FAMILY CUMULATIVE FARM  CUMULATIVE FAMILY
MONTH CASH FLOw  CASS FLOW AFTER B.C.L. CASH FLOW _ CASE FLOW AFTER B.C.'
Sept. (800) (970) (1990) (2330)
Oct. (1170) (1510) (2575) (3255)
Nov. (1615) (2125) (2855) (3875)
Dec. (1655) (2233) (2895) (*255)
Jan. (1645) (L2L0) 5500 3800
Feb. 4215 2195 5460 3420
March 3k9s 2305 5420 3040
April 3160 1800 3485 765
May 2750 1220 2870 (190)
June 2710 1010 2830 (570)
July : 2525 655 2760 (980)
Aug. 8390 6350 10205 6125

Cumulative Farn Cash Flow = Net sales-less ‘Costs of production. Sales exclude bome
consumption.
Cumuletive Family Cash Flow = Cumulative Farm Cash Flow -less Basic Cost of Living (B.C.

Bagic Cost of Living (B.C.L.) = Rs.500/mo.less homestead production (Rs.160/mo.), and
{for ftddy farmers) rice (Rs. 125/mo.) and livestock
(Rs. 45/mo.)

Paddy Farmer = 43% R1 soil and 57% R2 soil.
Upland Farm Revenue = 75% of total projection, a risk index.

a
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Rs.2,000 per annum, which is particularly beneficial
Just prior to harvest when a cash squeeze is inevitable.
With his own buffalo, less short-term production credit
would be required and more income security would be the
result. The financial benefit from livestock production
far exceeds the economic importance of livestock to the

project as a whole.

(2) It is egqually desirable that all farm families
quickly establish a highly productive homestead. A good
homestead will improve the farm cash flow by about

Rs.1,900 per annum, the ramifications of which are similar

to that of buffalo ownership. This financial benefit
also far exceeds the economic importance of homesteads

to the project as a whole.

(3) Even with (1) and (2) above, the first few years
may be difficult., For example if a farmer only obtains
a yield of 60 per cent of that expected, the family
disposable income level after basic necessities are
secured would be approximately as follows :

Paddy Farmer Rs.(100)
Upland Farmer Rs. (600)

This reemphasises the need for good support services,
particularly in the early yvears of project development,
as discussed in Section 7.5 and in‘Chapter 8 following.

(4) The commercial character of the entire farm
operation must be appreciated. Economic inter-dependence
with the non-farm sectors will be established, thereby
exposing the farmer to risks from factors beyond his
control, Short-term production credit and other public
infrastructure must be available, as must farm supplies

and product markets.
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To pay out-of-pocket farm expenses alone, the following
vields are reguired :

Paddy farmers, w/c draft 2.9 tons
with draft 1.9 tons

Upland farmers - Groundnuts 0.6 tons
= Soy beans 0.7 tons

(5) It might be suggested that farmers should even-
tually contribute to the operation and maintenance costs
of the system. The issuve is dependent upon what farm
standard=of=1iving is acceptable to policy-makers. For
illustrative purposes, however, consideration can be
given to a water rate which is based on 10 per cent of
the annual value of total crop production. If Rs.4%,000/
year is allowed for consumption and investment over-and-
above the farmers' basic cost of living, the follbowing

figures emerge @

Hypothetical Farm Liqui- Repayment

Fee (Rs. . dity (Rs. Cumpacity
Paddy Farmers 1,200 2,400 Yes
Upland Farmers 1,700 2,100 Yes

This suggests that after lowland farmers have their own
farm pover, all farmers have their own homestead produc-
tion, and projected yields have been obtained, a water
“tax" of this magnitude is potentially feasible.

(6) The present price structure for paddy and inputs
results in financial returns to paddy cultivation which
are substantially less than economic returms. Revision
of farm-gate prices to economic levels would provide

Lr
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farmers with substantially higher incomes and would
give further encouragement to farmers to adopt improved

cultural practices.

7.5 Implications for Project

Section 6.2 and 7.3 bave both emphasised that the
agricultural production technology proposed dictates the
use of farm inputs in the correct amounts and in rela-
tively fixed proportions. This is especially true of

the new high <yielding rice varieties. Supply‘conltraints.

with respect to any one of the farm inputs required will
have serious consequences, particularly during the early
years of the proposed project.' The purpose of this
section is therefore to indicate the general magnitude
of total project requirements in terms of : (a) farm
labour, (b) farm power, (c) other farm inputs, (d) farm
credit and (e) product markets. For illustrative pur=
poses, only Scenario A is considered in the calculations
which follow. All values are expressed in terms of mid-
1979 Rupees and must be taken as being order of magnitude
only. They are generally indicative of levels of input
but cannot be used for purposes of detailed planning.

(a) Farm Labour

All farm labour requirement calculations have assumed that
the farmer and his family contribute about 2,8 man-years
equivalents to agricultural production. Still, there are
Peak periods when on-farm labour is inadequate and hired
labour is required, This occurs during planting and, to

\gf*h
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a lesser extent, during harvest. Labour requirements
are particularly acute during the transplanting of
rice, a highly desirable agronomic practice. If off-
farm labour is not available, the farmer will broadcast
his seed and yields will be reduced accordingly.

A nevly-settled area may be subject to off-farm labour
shortages, particularly during the initial years of
project development. The peak number off-Tarm labourers
will be as much as one labourer per farm during the
transplanting and harvesting periods (relatively short
duration periods). Staggering of transplonting dates
throughout the project will reduce the project=wide peak
requirement somewhat, although it will remain large.

In the early years, special incentives for part-time
workers may be required.

(v) Farm Power

Inadequate planning could result in an acute shortage

of farm power in the region. A program to obtain buffalo
for lowland paddy farmers has already been outlined

(see Chapter 6 and 7.3.3 above). However, even with
full implementation of this livestock pProgramme, a farm
power shortage could occur for at least three reasons :

= a delay because of the buffalo build=up
period ;

= upland tractor requirements ; and

= supplementary farm power requirements on
paddy farms.

A large number of tractors will be needed in the shorte
run,.and some will always be needed. The number of

., ﬁ-\f;
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tractors which will have to be purchased is approximately

as follows :

Period Two Wheel Four ¥heel
Years 1 - 4 5,400 1,100
Years 5§ = 9 3,900 150
Years 10=- 14 1,200 159
After Year 14 200/year 20/year

The tractors could be supplied to farmers via government
tractor pools, co-operative ownership, or private ownership,
Again, adequate credit and service facilities will be required,

(¢) Other Farm Inputs

The timely provision of adequate farm supplies (especially
Tertiliser and chemicals) is also mandatory. Again,the
general magnitude of this project area requirement per

season is instructive.

Year Fertiliser (tannes)
1 1,400
2 4,600
3 8,400
4 onwards 11,200

By year 4, about 4,400 - 5 ton truckloads would thus be
required per annum,or about 20 trvckloads. per working
day per year. In addition, since demand is seasonal,
ten or more 10 m x 10 m storage facilities will -be
required.
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(a) Farm Credit

Commercinl farming is not possible without adequate
credit facilities. Credit requirements, particularly
during the start-up period, are substantial. Inter=
mediate-term (5 years) credit must be available for
capital purchases, and short-term (6 month) production
credit will be reguired twice yearly. Initial and re=-
curring capiival costs include buffalo, tractors, and

farm tools.

Total farm credit requirements are expected to be

approximately as follows :

Year Intermedizte §poft Avérage per
EEEE""“”"”““EEEE Farm
Millién Rupees Rs,

1 32 14 9,790

2 80 4o 8,180

3 110 83 7,000

4 86 107 5,420 :
5=29 34 107 3,965
10 - 14 23 107 3,655

15 onwards 21 107 3,600

These estimates are made in 1979 currency and must be
escalated to account for inflati.n. The establishment
of some 40 local credit facilities in the project area
may be called for.

(e) Product Markets

A product market delivery system, with spot payments,
is also required. Looking solely at rice, sales levels
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after prospoct implementation could reach 112,000 tonnes
per season. This will require Paddy Marketing Board
(PMB) purchasing centres, storage facilities, and mills
as well as private and"quota" mills., Again comprehensive
government planning and private incentives must precede
fullescale development.
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8. ORGANIZATION AND MANAGEMENT

However well conceived an irrigation project may be,
its success or failure will be greatly influenced by
the effectiveness of the administrative structure
responsible for its execution. Many types of activity,
both technical and nonetechnical, will be involved.

It is convenient to consider these activities and the
manner of organizing them under two broad headings :
Construction Phase and Operation Phase, It will be
evident from the schedules presented in Chapter 4 that
these phases will overlap to a considerable degree in

the course of developing the farming area of the project.

The Government is considering various approaches to the
administration of the project, in both the construction
and operation phases. At the time of writing no clear
policy has emerged. The purpose of this chapter is
therefore to discuss the factors involved and to high-

light those aspects which will require particular attention,

8,1 Construction Phase

The general organization envisaged for the consiruction
.of the irrigation works is shown on Figure 16.

8.1.1 Irrigation Works =
Expatriate Contractors

As noted in Section 4.5, both the headworks and the main
and branch canals are expected to fall in this category.
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Engineering and construction supervision services ar»
similarly expected to be furnished by expatriate con-
sulting firms. However, due to the anticipated mode

of financing, these two project areas will be undertaken
independently. This means that two foreign contractors
and two foreign consultants will be operating at the
same time in the project area.

Role of Contractor

While not contemplating all-embracing contracts of the
"turnkey" variety it is intended that the expatriate
contractor will have full responsibility for day=-toeday
construction management subject to supervision by the
consultant.

Thus the contractor will undertake (inter alia) :
- Provision and importation of construction
equipment ;

- Supply and (where necessary) importation of
construction materials ;

- Engaging of labour ; and

- In the case of the heailworks contractor,
services to the equipment manufacturer during
the erection of the mechanical and electric
plant,

Role of Consultant

The expatriate consultant will be responsible for the
final design of the works. In the case of the headworks,
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as already noted, the definitive design has already

been accomplished with the completion of the tender
drawings. Further work will be required on the prepa-
ration of detailed construction drawings., The expatriate
consultants may elect to assign some of this work to
their home office which, in Principle, should lead

to savings in cost.

During the construction Phase the expatriate consultant
will supervise the operations of the contractor to
ensure that specification requirements are met, He will
also monitor the schedule, agree with the contractor

the measurements required for progress payments, and
certify the contractor's invoices for payment by the
Government. The consultant will also be the first
arbiter in cases of contractor's claims,

In the case of the main and branch canals, where current
designs are to "feasibility level", the expatriate
conswltant will first be engaged on the final design of
the works and the preparation of tender documents. To
expedite the start of construction it is possible that
tenders will be called in the first instance for the
canal works in Sector 1. Provision would be mad: in such
a contract for the scope to be expanded to include
Sectors 2 and 3 at a later date,.

During the construction phase of the main and branch
canals, the expatriate consultant's functions will be
similar to those described above in the case of the
headworks.

¥hile the main and branch canals are the Prime responsi-
bility of the expatriate consultant, the design of 6
sample areas in the tertiary systems is also included,
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team or technical advisors to MDB, in connection with
the latter'y responsibility for the tertiary system,
Advisors on non=-irrigation aspects o environment,
settlement Planning, operations ang ma;ntenlnce, ete,,
may also be required,

8.1,2 Irrigation Works

Local Forces

These comprise the tertiary irrigation systems including
land levelling, secondary and tertiary drninage, and

the improvement of main drainage ~hannels, As mentioned
in Section 4.5 it ip envisaged that, in general, labour..
intensive methods would be used.

sidereda
- direct lnbour, engaged by MDB H

- "nettler/workers",org-nized in small groups ;
their activities would aormally be confined
to onwfarm works,

- small local contractors i and

= medium to large local contractors,

It is evident that, except where large local contractors
are employed, a considerable amount of technical input
would be required on the part of MDB, The Tollowing
figures indicate the approximate number of technical
personnel who wilj be required to design ang Supervise
construction H



Scenario 4 Scemario B
Technical Technical
Ingineers Forts.  LDEIDCSTS o otents
Average number 8o 260 55 180
of persons per
year
Number of persons 160 520 100 320
in peak year
Total man yvears 540 1,800 540 1,800

While the H area will provide a proportion of these,
additional engineers will have to be trained and engaged
to meet the peak demand, which is expected to occur in
1983 or 1985, depending on the adopted schedule., The
total cost of these technical services has been allowed
for in the estimates presented in Chapter &,

8.1.3 Nou=Irrigation Infrastructure
Roads

The primary roads and bridges that are under considera-
tion for financing by MDB may be designed with the
assistance of expatriate consultants. The actual construce
tion may or may not be carried out by expatriate contrac-
tors, depending on the type of contract, the construction
standards adopted, and the availabiiity of local contrac-
tors for this type of work. It would be important that

the primary roads be handed over to the Department of
Highways soon after construction, so that maintenance could
be planned . and executed as part of existing road

maintenance programmes.
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Access Roads

These roads are of a relatively low standard. Construct.
ion will be a matter of high priority to facilitate the
design and survey work om the main and branch canal
system. Contractors should be engaged by MDB to make

an early start on the access road network,

Irrigation System Roads

An early transportation pPlanning study should be under-
taken to indicate which canal maintenance roads should
be upgraded to function as important links in the area's
road network. If this is done, the extra work required
to widen and otherwise improve the roads can be incor-
porated into the canal construction contracts.

Link Roads

These roads would be constructed by medium sgize contrac-
tors under contract to MDB.

Settlement Roads

These roads can be constructed by local (medjium and
petty) contractors. Petty contractors could be groups
of settlers working on roads in their settlement area,
once the basic road has been completed,
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Settlements

The construction of settlements, especially the small
low=density communities, can be a comparatively simple
matter. Of primary importance are the selection of approe-
priate locations, and the provision of adequate linkages
to other centres. Once the settlement locations have been
established, and the linking road network planned, the
homesteads can be surveyed and internal roads laid out.
After the farmer settlers have been allocated their
homesteads, they can begin work on their homes and do
some work on internal roads. For the smaller settlements,
little outside construction labour will be required.

For the larger centres local contractors supervised by
MDB will be engaged on the construction of social and
project management infrastructure. The construction of
schools, health centres, stores, offices, co=operatives,
staff housing etc., should take place with eonstruction
labour engaged locally if possible. For the larger more
specialised buildings, decign and supervision should

be passed to local architectural firms, to be engaged
by MDB. The engagement of local architectural firms to
undertake the planning, design, implementation and
supervision of complete communities should also receive
consideration. The larger communities in particular
could benefit from such an approach.

Experimental-Demonstration Farm

The development of the Experimental-Demonstration Farm

(a matter of first priority) should hbe handled by a special
project implementation group. This group would consist of
crop and extension experts, irrigation and draihage engine
eers, and administrators. While overall construction
supervision would be an MDB responsibility, the advice

of this pecial project group would be required at all

stages.
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8.1.4 Construction Labour Force

The approximate size of the construction labour force
required to implement the Maduru Oya Project has been
estimated for Implementation Scenarios A and B. Tables
8-1 and 8-2 present the results of these estimates in
summarised form. Further details, particularly for the
headworks and main canals, can be found in Annex D.

Labour requirements for the develcpment of System B
should be examined in the context of simultaneous
requirements for other development projects. The supply
of labour for headworks and main canal construction
should be adequate, and some of the work for the tertiary
irrigation system and for the non-irrigation infrastruc-
ture can be carried out by settlers. However, it is
doubtful that any more than one third of the tertiary
system labour requirements can be met by settler/workers
unless such workers are required to work for several
years before being allowed to settle, If it is assumed
that each setiler contributes one man-year of construct-
ion labour, some 85,000 man=years wruld be required from
contractors or from labour directly hired by MDB.

8.2 Operational Phase

The organizational structure and major areas of emphasis
for water management and other services to farmers are
considered in the following sections. The rationale
for the development of cost estimates is outlined, and
reference is made to tabulations of estimated cost

presented elsevhere in the text.



TABLE 8-1

LABOJR REQUIREMENTS FOR DEVELOPMENT SCENARIO ‘A’

CONSTRICTION  PERIOD OF PEAK
ACTIVITIES  CONSTRUCTION YEAR

e ———————————

Dam & '.runnel1 1980 - B2 1981

Main & Branch
Canals, 1981 -~ 85 1983

Tertiary Irri-
gation Systema 1981 - 86 1983

Non-Irrigation
Infrastructure 1980 - 86 1983

NUMEER OF SKILLED AND UNSKILLED
PEAK YEAR LEVEL

1,600
1,500
36,000

2,500

Overall Project1—9.80 - B6 1983

40,000

WORKERS TOTAL
AVG YEAR LEVEL MAN YELRS
1,000 3,000
1,000 5,09
24,000 120,009
1,700 12,000
z'ca.ooa3 140,000

———
——

1. Assuming machine-intensive construction by International Contracters.

2. Assuming labour-intensive construction methods.

3« Average over seven years.



TAELE 8.2
LABOUR REQUIREM'KTS FOR DEVELOPMENT SCENARIO 'B!

NUMBER OF SKILLED AND UNSKILLED
CONSTRUCTION FXRIOD OF ©PEAK WORKERS TOTAL
ACTIVITIES CONSTRICTION YELR PEAK YEAR LEVEL AVG YEAR LEVEL MAN-YEAR

Dam & Tuznel, 1980 - 82 1981 1,600 1,000 3,000
Main & Branch
c;:mls,' 1981 - B8 1985 1,000 625 5,000
Tertiary Irri-
gation Systez, 1981 - 89 1985 20,000 12.333 120,000
Non-Irrigation
Infrastructure 1980 - 83 1985 1,800 1,200 12,000
Overall Project 1980 - 89 1985 22,800 'm.oao3 140,000

1. Assuring machine-intensive construction by International Contractors.
2. Assuming labour-intensive construction methods.

3« Average over ten years.
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8.2.1 Water Management

Since the Maduru Oya Project will be a major component
of a complex water resource system, water management
will play an important part in the realization of bene-
fits both inside and outside the project boundaries.
Water management organization and procedures can,
therefore, be considered on two levels - the project
level and the svstem level., The estimated cost of
providing these services is summarised in Table 4-14,
together with i‘he cost of maintaining the irrigation

system.
Project Water Management

Project-level water management will call for project
monitoring and operational decisions on a daily and

weekly basis. It must be based on two strong types of organi-
zation - the project water management organization

and farmer or water user associations.

The project water management organization will have as
its prime responsibility the co-ordination of water
deliveries to the distributary and sub-disgtributary
channels. These deliverics should be based on reliable
knowledge of the following factors :

- daily flows at all key control points =
head and tail regulators from the main canals
down to the sub-distributaries ;

= crop status, based on monitoring of planting

dates ;

- recent rainfall, based on a network of rain

gauges ;

* The interaction of water demands in System B and C,
discusied in Section 4.2.4, is one example of the effect

that water management in one component pro
on the performance of another, P Project can have
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- field water conditions, based on farmer and
staff reports and possibly a network of
representative field plots ;

« theoretical water requirements, based on
regularly updated calculations ; and

= performance capability,based on routine
monitoring of actral water use in each zone,
supplemented by more detailed monitoring

in smaller sample areas.

The data gathering system required to supply this infor-
mation will be the focus of routine project operations.
With this information at hand, the project water manage=
ment teum can build a sense of trust among the farmers
that their reasonable water requirements can be met.

Equally important will be the establishment of effective
water user organizations to co~ordinate the allocation

of water amcng the t'armers at the turnout level, It is
recognized that rotational irrigation at the farm level
has the greatest chauce of ensuring fair allocation of
water among farmers. If rotation at a higher level
(distributary or sub-distributary) is used, the likeli-
hood of inequitable water distribution will significantly
increase. If effective water user organizations are not
formed, however, it may be necessary to adopt such highere
level rotation (which can be administered by project staff)
as the only means of economizing on water use.

A project water management organization which is based
on one water liaison officer per 80 farneru. is proposed.
These officers would be responsible for liaison with the

* About four to five turnout areas per officer. Each
turnout area would have its own water user association.


http:chax-.ce

- 130 -

water user associations formed in their areas of rese
ponsibility, implementing operational policies, orga-
nizing cultivation meetings, etc. They would report
to officers in charge of zones who would report to an

overall project manager.

System Water Management

System-level water management will call for wdter use
monitoring and operational decisions at monthly and
zeasonal intervals. A central organization for coe
ordinating water management in the Mahaweli System as

a whole will be required. This organization will require
a system-wide computer simulation programme which has
been carefully calibrated to represent actual system
performance. Potential conflicts between irrigation,
flood control and hydroelectric power generation will
need to be addressed and resolved with the aid of the
programme, Once reservoir operating policies are

fixed, a modified programme can be used az an opera-
tional tool to forecast shortages, and to fix diversion -
schedules at key control points. Short-term

alterations of policy ‘necessitated by unforeseen
factors reported by individual projects can then be
evaluated and decisions made with maximum comprehen-

sion of the potential consequences.

The establishment of the system-wide operational orga-
nization, backed up by suitable computational tools,
should be considered as a matter of high priority.
Investment decisions for further use of Mahaweli water
should only be made when it is known that water can be
made available. This can best be decided when realis-
tically achievable water usage rates in the committed

areas are known.
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8.2.2 Extension Services
Organizational Structure and Purpose

An Agrarian Development Service (ADS) is proposed. This
service would integrate the two existing types of agri-
cultural support services, and would be a three-level
organization that closely corresponds to the system by
vhich agricultural production and groups of farmers can
be organized. At the lowest level, the ADS provides
Farm Guidance Workers (FGW), approximately one for every
125 ha. The actual contact with farmers would take
place through the FGW, whose guidance function is ine
tended to be more intensive than that provided by the
present KVS (village extension worker). In addition to

being knowledgeable on the subject of paddy cultivation,

he should be capable of advising on homestead crops and
livestock.

At the next level would be the Agrarian Service Team
(AST), which would not operate on an individual farmer
contact basis but would provide specialist advice to the
Farm Guidance Workers. Each AST (one is proposed for
every 3,000 ha) would contain at least sig specialists,

For System B there should also be an Agrarian Develop-
ment Service Centre. Adaptive research, extension
worker and farmer training and the co=-ordination of all
types of agricultural development services would be its
key function. This centre should be established in
conjunction with the Experimental-Demonstration Farm.
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Cost of Extension Services

To achieve the agricultural production potential of the
project area, the farmers will require a high level of
practical support from the Agrarian Development Service,
A total staff of about 500 is proposed for this service,
of which some 340 would be Farm Guidance Workers, 140
would work within or support the Agrarian Service Teams,
and 20 would work at the Agrarian Development Centre.

The total annual operating cost, including staff salaries,
supplies, travel, maintenance and support help, would be
about Rs.9.4 million., Under Scenario A, this level should
be reached by 1986, whereas under Scenario B, it would be
reached by 1989, It is anticipated that extension services
would be maintained at a high level for ten Years, at a
somevhat lower level for the next :ten years, and that they
could be further reduced over the following decade.

The annual cost of extension services is estimated to be
Rs.250 per ha or between one and five per cent of gross

farmer revenue.

Other services to farmers, including credit, marketing
and inputq, are discussed in Chapter 7.

8.2.3 Settlement - Related Services

Services to settlers would include assistance with :

- 1land administration matters (boundary disputes,
allocation of land and suitability of land to
family) ;
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= food problems (where food aid may not be timely
or sufficient) ;

= health problems (to advise on preventive
public health measures and where to seek
competent help) ;

= credit problems (to assizt the settler in
obtaining an appropriate level of credit) 3

= community development matters (to assist the
settlement in attracting key items of social
infrastructure) ;

=~ housing problems (to assist in making
supplies of building materials available); and

=. 8eneral problems of adjustment to a new en-
vironment.

Settler services would be performed by community deve.-
lopment workers whose scope of work should be structured
to allow them to develop guidance skills for a range

of services. A degree of responsibility should be
accorded to the community workers to make their function
significant in the eyes of the settlers. The present
role of the development assistants should be re-structured
into that of the all-round community development worker.
This worker should be allowed to operate with a reasonable
degree of independence, within a properly organised

and communicated framework of settler assistance measures,

Cost of Settler Services

An average of one comnunity development worker for every
one hundred families is proposed. In the second and third
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decade of the project's life, fewer workers will be
required. In the first year of settlement, as many

as one worker per 50 families may well be required.

The total cost of providing these services is estimated
to be Rs,7.3 million per year, or about Rs.200 per’
family per year.

The services that are to be provided to the farmer/
settler are threefold

~ WVWater Management,
= Agricultural Extension,
- Settler Assistance.

It has been proposed that two or all three of these
functions might be combined, at the lowest level, to be
the responsibility of a single person who would

be the only contact with the farmer and his family. In
preference to this approach, a more familiar multi-
departmental approach is proposed. This would involve
three distinct individuals, each with different

skills and responsibilities, working at the grass roots
level to provide the intensity and range of services
required. This "army'" of almost 2,000 persons will be
of paramount importance in helping the farmer attain
his potential.

For strong decentralized project management, an allowance
has been made of ten per cent of the total cost of all
previously discussed categories of management services.
The following tabulation summarises the estimated
operation and maintenance costs, in million Rupees

( 1979 prices ).
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Irrigation Works (from Table 4-14) Rs,. 34,6
Agricultural Extension 9.4
Settlers Assistance, Communi ty
Development, etc. 73
General Project Management 5.1
mtal RS. 56.“
8.3 Project Management Infrastructure

Project management infrastructure refers to the capital
expenditure that must be mede to support those engaged
in operations and muintenance'. For the most part,
thls includes homes for Organisation and Mann;ement
staff, offices, and equipment, transportation, and
meeting places.

The infrastructure required and its cost reflects the
specific needs of the three types of service that will
be provided to settlers « water and irrigation manage-
ment, agricultural extension, and settlers' assistance.
Each of these services requires approximately the same
amount of infrastructure.

In total, the estimates provide for some 1,400 houses
of different grades, 600 bicycles, 200 motorcycles,

100 jeeps, 20,000 m2 office and community centre space,
and associated equipment. The total estimated cost of
Rs.110 million is broken down as follows :

* As well as for project management during construction
where such capital items are not included as part of irri-
gation system costs. Conversely, project management infra-
structure costs can be reduced by utilising construction
management infrastructure which is suitable for conversion.
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Dwellings (single and multiple
occupancy )

Offices and other buildings
Transportation and other

equipment

Total

Rs. 77 million

Rs. 13 million
Rs, 20 million

Rs,110 million




9. ~ ENVIRONMENTAL ASPECTS

Annex J presents details on the existing environment
in the project area and an overall assessment of the
potential environmental impacts arising from the
proposed project. The following paragraphs emphasise
the more important features,beginning with a descrip-
tion of the existing environment, followed by a
summary of the principal environmental impacts to be
expected.

9.1 Existing Conditions

A description of the ﬁhyzical and climatic features of
the project area can be found in Chapters 2 and 3. The
following paragraphs relate to the living communities
which have developed as a result of these features and
of the influence of man over the centuries.

Terrestrial

Forest cover in Sri Lanka has declined drastically in
recent years. According to the forest inventory of
1960, based on aerial photography taken in 1956, the
area under forest vegetation was 44 per cent of the
total land area of Sri Lanka. Since then, heavy inroads
into forested land have been made either for development
projects or shifting cultivation. At the prerent time,
forest cover of Sri Lanka amounts to 20-22 per cent of
the total land area, well belcw a generally accepted
minimum desirable level of 25 per cent. Even more
serious, forest cover in the Wet Zone has decreased to
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8 per cent. The Wet Zone mountainous region is where

the catchments of the country's major rivers, imcluding
the Mahaweli, are located. Deforestation in these upland
areas can cause serious erosion and surface runoff prob-
lems., Due to this overexploitation of the forest to meet
the demands for timber, the country's natural forests

have been rendered unproductive and degraded,

Extensive damage to the forests of the project area has
been caused by chena farming, and is still continuing.
Analysis of 1979 aerial photographs indicates that the
forest cover of the project area is slightly over 50
per cent, excluding forest plantations. Most of this
Torest is of poor quality - extensive areas have been
"high graded" or affected by recent chena farming.

Of a total of 115 mammalian species and subspecies found
in Sri Lanka, 58 are likely to be found in the project
area. Species observed during field trips included
elephant, monkey (Gray Langur, Toque Macague), old-world
porcupine, black-naped hare, jackal, mongoose and sambhur,

Elephant signs (footprints and droppings) can be found

in most parts of the project area. Two large herds of
elephants were observed from a helicopter on September 25,
1979. The first group of 50 to 60 elephants was found
between Pimburettewa Tank and the Maduru Oya. The second
group of 35 or more was spotted in the forest north of
the highway near Welikanda (near the Nelugala Elephant
Corridor).

Of the 427 species 1isted in Phillipt!s "Checklist of the
Birds of Ceylon;3.92 species can be found as breeding
residents specific to the low=country Dry Zone. Breeding
residents are found in their largest concentrations in
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the Dry Zone during the breeding season, which extends
roughly from December to May (the northeast monsoon and
subsequent wet conditions). Many other species that
are breeding residents in all zones or are winter visi-
tors will be found in the Dry Zone as well.

The most recent list (U.S. Federal Register, Vol &4i,
No.12, 1979) of endangered and threatened species shows
that there are six endangered species and two threatened
species within the Accelerated Mahaweli project area.

Of these, the elephant and leopard will be the most
affected by the proposed development in System B.

Aquatic

Because of their seasonal nature, the Maduru Oya and
smaller streams show little evidence of phytoplankton,
zooplankton, benthic invertebrates or aquatic vegetation.
This is probably a reflection of low nutrient loads,
especially during the dry season. By contrast, the
"villu" or awamp areas along the Mahaweli Ganga are
maintained in wet condition throughout most dry seasons,

These areas, as well as the numerous small tanks scattered

throughout the project area, are important centres of
aquatic and terrestrial life, particularly in the dry

SGABON.

9.2 Impact of the Project

Five major environmental issues have been identified
for analysis. These issues are
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= Public health,

- Forest conservation,
- Wildlife protection,
- Aquatic environment,

- Energy supplies.

A summary of these major environmental izsues, and the
associated causes, effects and mitigating measures, is

presented in Table 9-1.

Public Health

Malaria is expected to be the most significant health )
problem, but construction and mansgement measures should ,
if implemented, keep this disease under control. A
complete list of malaria prevention and control seasures
can be found in Annex J.

Other vector-borne diseases such as filariasis, dengue

fever and even schistosomiasis could possibly arise, and
here the emphasis should be placed on prevention. Provi-

ded that efficient and appropriate sanitation techniques

are used and stress is placed on community hygiene and health
education, waterborne diseases such as gastro-enteritis,
cholera, enteric fever, hepatitis, amoebic dysentery and
polio should be prevented from becoming major problems.

Forest Conservation

Although clearing of over 25,000 ha of forest will take
pPlace, preservation of adequate natural forested areas

as well aE reforestation programmes for fuel wood supplies,
watershed protection, wildlife habitat protection and
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TAELE ©-1

SUMMARY OF MAJOR ENVIRONMENTAL IMPACTS

IN SYSTEM B

ENVIRONMENTAL
COMPONEMNT

I,'D"\lic Realth

) .or=borne
aiseases, especially
malaria

vater-borne diseases
especially gastro-

~ intestinal disorders

Forest conservation

Construction effort
of 150,000 man-years.
Permanent settlement
of over 200,000
people

Population denmsity
drastically
increased

Deforestation of

over 25,000 ha for
agricultural deve-
lopment and settle-
ment (change in
land use)

EFFECTS-DIRECT AND
INDIRECT

Dramatic increase in
disease incidence will
take place due to crea-
tion of habitats condu-
cive to vector-borne
disease

Possibility of malaria
incidence of epidemic
proportion should not
be ruled out

Construction and farm
labor productivity will
suffer from exposure to
malaria

Many deaths due to snake
bites will occur during

land clearing and )
settlement

Incidence of intestinal
diseases will be, for
some years, higher than
the (already high)
national zverage due to
instability in quality
of surface water
sources

Sanitation will become
a problem in some
areas

Ecological balance and
stability are upset

Moisture regimes
(discharge/recharge
rates, groundwater
table)

Microclimate altera-
tion (wind, humidity,
temperature etc)

MITIGATING MEASURES

Vector control
programs

Iassue of malaria
pills

Prepare malaria
epidemic emergency
contingency plan

Make sufficient
quantity of anti-
venom medicine
available at
appropriate
docations

Degign irrigation
system according

to WHO specifications
to ensure proper
sanitation and safe
water supplies

Presettlement check- °
ups
Preliving checkups

Step up education
campaign to boil
domestic water
Public health
orientation
course for new
settlers

Use selective
logging and clearing
techniques so that
some trees are left
along edges of paddy
fields



TRVIRONMENTAL
COMPONENT

Forest conservation
(contipued)

wildlife Protection

Mammals, especially
the elephant

Birds

Aquatic Environment

CAUSZS

Loss ¢ habitat,
especially for the
larger forest-
dwelling mammals

Loss of habitat

" for forest-

dependent birds

Reservoir and irri-
gation system is
constructed. Area is
settled with complete
infrastructure

-2 -

EFFECTS-DIRECT AND
INDIRECT

Catchment areas are
deforested leading

to reservoir giltation,
loas of valuable scil,
reduction of moisture
storage capacity etc.

Diversity of plant and
animal life declines

Seasonal migratory
routes are disrupted

Wildlife leaves the
area {to where?)

Wildlife conflicts
with man, cause
damage to property,
crops, etc

Wildlife is shot by man
for food and other
TeasONns

Predator-prey-parasite
balance is upset
leading to pest
proliferation

Terrestrial, aguatic
and estuarine eco-
systems drastically
modified

Flora and fauna species
composition and numbers
will be altered

MITIGATING MEASURES

Reduce width of
forest clearing
beyond canals and
roads to 5 o

Reforestatiorn
programs including
canal banks, river
banks, plantations,
archaeological
TeBeTVeEs

Use of indigenous
trees in Maduru Oya
Park and catchment
areas for habitat
enrichment, slope
stabilization etc.

Practice selective
clearing and leave
stands of trees in
settlement areas

Plan wildlife/
forested areas along
rivers and streams
and upland areas

(in addition to
Maduru Oya National
Park)

Plan corridor
relocation routes

Capture and sell or

transport to
suitable areas

Monitor pest
populations, adopt
scientific control
methods

Leave adequate
forest cover in the
project area and
especially in the
catchment areas

(25 percent minimum;

Y4



ENVIRONMI'NTAL

COMPONENT CADEES

Agquatic Environment

(continued)

Long-Term Energy Ongoing requirement

Supplies of over 100 ft> of
firewood per family
per year

-3

EFTECTS-DIRECT AND
INDIRECT MITIGATING MEASURTS

Erosion risk ipcreased Practice recommended
(loss of soil fertility, water management
siltation of reservoirs) and farm management

Water quality problems techniques
(pesticides, agricultu- Use biodegradable
ral runoff, eutrophica- pesticides and
tion, leaching etc) integrated pest
control techniques

Deal with water
quality problems and
aquatic weed infes-
tations before the
problem becomes too
widespread

Aquatic weed infeptation

Change of wet-dry cycle
encourages proliferation
of water-dependent insect
pests and diseases

Cost and transportation Flan for firewood
difficulties will yielding forests
escalate within walking

Shortages of firewood distance
may develop Plant fast-growing

Cost of family firewood tree species

will increase with Charcoal excess wood
collection distance from clearing

Removal of patural progran

forest .for firewood, Promote manufacture

resulting in a long-term of inexpensive
decline in forest cover domestic charcoal
burners

Promote manufacture
of inexpensive

tut efficient fire-
wood burners

Promote use of °
appropriate techno-
logy

Investigate Windmille
for pumps and the use
of solar energy to
conserve fuel wood
and electricity

Investigate the use
of biogas

(}f‘f



erosion contrel should reduce the magnitude of this
jmpact. Forest clearing programmes must be carefully
controlled and monitored to minimise the potentially
negative effects on the hydrology and microclimate of
the area. It should be noted that extensive areas of
forest (over 30,000 ha) of System B are being used

for slash-and-burn agriculture (chena farming). Every
effort should be made to stop this practice , to

sustain the remaining forest,and to activate a reforeste

ation programme,

Wildlife Protection

Wildlife species composition and numbers will be greatly
affected by the development. Deforestation of large
tracts of forest will result in the elimination of
significant areas of wildlife habitat. Particularly
affected will be those species that depend on the
forests, and are unable to leave the area or adapt to

a nev environment. Sensitive species, therefore, will
include large mammals (particularly elephants) and other
forest=dependent species such as birds, reptiles and
insects. Predatoreprewparasite relltionshipl\may also
be upset. Birds and animals that live in or near water
(ducks, waders, etc.) should benefit, however, from the
increased year=round supply of water in the paddy fields,
canals, tanks and reservoirs,

Since intensive irrigated agriculture and large mammals
(particularly elepbants) are potentially incompatible,
pPlanning must allow for either accomodation of the
animals! needs or removal of the animals to more suitable
habitat. The emphasis should be on the provilion of
escape routes (see Figure 15) for the sensitive wildlife
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species to move to parks, reserves, etc. The
proposed Maduru Oya Park is intended to serve
this purpose. A system of wildlife corridors will be
needed, at least in the early stages of the project
developmenf period, to allow reasonable freedom of

movement for the animals.

Aquatic Environment

The major effect of the project will be to provide a
regular supply of water for irrigation. The main
consequence of this change will be positive, since

one of the limiting factors for both flora and fauna

is water. However, some negative impacts expected
include agricultural runoff causing soil erosion and
deterioration of water quality from the use of pesticides,
herbicides and fertilizers, as well as aquatic weed
infestations. ‘ ’

Proper management and monitoring programmes can keep
these negative aspects nnder coantrol.

Energy Supplies

Long-term energy supplies can be met with fuel wood,
but this aspect must be carefully planned. Reforesta-
tion (using fast-growing tree species in strategic
locations) is essential. Conservation methods (the use
of efficient wood=-burning stoves, the use of charcoal,
the use of solar and wind energy, the use of biogas)
will help to preserve fuel-wood supplies and diversify

the energy base.
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It is technically feasibile to solve many of the poten-
tial environmental problems expected to arise from this
development provided adequate staff, budgets and time

are made available.
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10. PROJECT APPRAISAL
10.1 Introduction

To assess project viability, the economic costs and
benefits of the Maduru Oya Project over its life are
calculated and the economic internal rate of return is
determined. Benefits include not only direct benefits
from irrigated crop production but also incremental

. benefits from homesteads, livestock, fisheries, forestry,
and power production. Costs include all direct costs
necessary to achieve the benefits as well as basic
settlement and infrastructure costs. .

The project benefits are based on prices which are
expected to prevail during the life of the project.
For those commodities which are traded internationally,
IBRD commodity price forecasts for 199012 are employed
to determine economic farm-gate prices on the basis of
import substitution or export. For those products
vwhich are not intermationally traded, local prices are
used. The IBRD commodity forecasts are also used to
calculate the economic prices for a number of farm
inputs as well. All economic coats and benefits are
expressed in constant mid-1979 prices, a procedure which
assumes that all relative prices and costs will remain
the same during the inflationary years ahead.

The economic analysis is undertaken in Sri Lankan currency
and foreign exchange costs are converted to local currency
using the following exchange rates :

‘ 1 Uoso L R8.16
$ 1 CAN = Rs,13

—\GD

41



- 1435 -

The decipion to use rates which approximate existing
official exchange rates implies no overvaluation of
the Sri Lanka rupee and negates the necessity to shadow-

price foreign cost components.

Shadow=pricing has been employed,however, in the calcu-
lation of three economic costs : those of cement, diesel
fuel, and farm labour @

Cement (delivered) s Rs.1,220/tonne
Diesel Fuel e Rs, 21,50/gallon
Farm Labour (irncl.hired) .. Rs. 6/day

For the economic analysis, all construction and operational
labour is valued at its actual cost.

Two scenarios are evaluated. The first - Scenario A =
involves the last group of settlers harvesting their
first crop in Yala 1986, For the second ~ Senario B -
this occurs in Yala 1989. The schedules are detailed
in Section 4.5.1, and the land areas developed under
each schedule are summarised in Table 7.5,

10.2 Scenario A

10.2.1 Direct Project Costs

Direct project costs include the cost of the irrigation
works consisting of the dam, link tunnel, main and branch
canals and the tertiary srrigation system. Adjustments
to the financial costs have been made for the economic
price of cement and for the cost of diesel fuel when it



is a significant component of the total cost. Other
costs which are chergeable to the project include those
associated with the Experimental-Demonstration Farm,
primary and access roads, settlement and project
management. Costs of marketing and processing facili-
ties and certain inputs such as tractors and threshing
machines are accounted for in the crop budgets. Social
infrastructure costs such as health and education are
not considered as direct project costs.

All capital costs, including operation and maintenance
costs after project implementation, are summarised in
Table 10-1. The annual phasing of the capital costs,
which was used in the economic analysis, is shown in
Table 10-2,

10.2.2 Allocation of Upstream Costs

The total cost of the Right Bank Transbasin canal,
including the Minipe diversion works and the Ulhitiya
and Ratkinda reservoirs, has been estimated by the
System C team to be Rs.1,267 million. Of this total

an amount of Rs.854 million represents the estimated
cost of those parts of the works (the canal itself plus
the level crossings) which vary directly with the flow

conveyed,

Since the Transbasin Canal serves both Systems B and C

a cost allocation must be -made. 7Two methods can be
considered. First, the incremental cost of sizing the
canal for both systems as compared with the cost of
sizing it only for System C is considdered. It is
estimated that 75% of the cost of the flow-related works



TABLE 10-1 :
PROJECT COSTS FOR ECONOMIC ANALYSIS
(MID 1979 PRICES)
CAPITA~ COSTS

TRRIGATION WORKS

Dar and miscellaneous reservoir works

Link Tunnel

Main and Branch Canals

Teritiaery Syster, Dreiv~age, Land Development
Contingencies

Engineering and Construction Supervision

Sub-total Irrigation Works

Other Coste
Experimental-Demonstration Farm
Roads (including access roads)
Settlement

Project Hanagement Infrastructure
Upstrean costs

Sub-total Other Costs
Total Capital Costs

ANNUAL OPERATING EXPENSES

Dax and Tunnel

Irrigation System

Agricultural Extension

Settler Assistance, Community Development etc.
‘ General Project Management

Total Annual Operating Expenses

RS. MILLIO:

882
269
1032
603
261
250

3404

13
270
187
110
214

794
4198

oo O

2

.3 [P
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16-2

SCEN/RIC A

CAFITAL AND OPERATIN

(MILLION RUPEES)

G COSTS FOR ECONOMIC ANALYSIS

ROADS
EXFERI- INCL.

IPRIGATION UPSTREAY MINTAL  ACCESS SETTLE-
YEAR SYETEV COSTS FARY ROADS  M=NT
1 351 6L 6 15 -
2 €05 107 ? Lg -
3 87 L3 - b5 -
4 716 - - - 50 b
5 452 - - 50 68
6 243 - - 50 64
7 5 - - 15 1
B - - - - -
9-16 - - - - -
17-26 - - - -. -
27-40 - - - - -

PROJECT

MGT.
INFRA-

STRUCTURE

5
15
15
15
15
15
5

>

12
25
38
kg
56
56
50
L

834
610
410
98
61
56
50
Ly
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(Rs. 854 million), would be incurred if the canal

were sized only for System C. Thus 25% or Rs.214
million of this cost is allocated to System B. All
other components of this conveyance system are nece-
ssary to supply System C demands and thus are not
2llocated to System B. This cost allocation procedure
is used for the basic analysis.

A second procedure allocates costs of the entire
conveyance system,including dams ,according to the
‘projected water demands of Systems B and C. This
results in an approximate equal sharing of conveyance
system costs,where Rs.684 million would be charged to
System B. This allocation is used in a sensitivity test.

Other upstream costs have not been charged to the Maduru
Oya Project. In their 1978 analysis of cost allocation,
NEDECO estimated that power benefits would pay for only

a portion of the cost of the Victoria and Kotmale dams,
and that the remainder of their costs should be allocated
to the irrigation systems benefitting from the storage.
Recent dramatic increases in fuel costs, however, would
change the results of the analysis. In fact, it is
anticipated that economic power benefits alone would

more than cover the cost of these dams, leaving no further

costs to be allocated to irrigation systems. Consequently,

the cost of upstream storage has been considered as a
“gunk cost", and no cost allocation has been made to the
Maduru Oya Project.

10.2.3 Project Benefits

Project benefits include returns from irrigated crops,
homestead plots, livestock, fisheries, forestry, and

o
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power production. The benefit from irrigated crops

is developed in Section 7.3.1 on the basis of "without
project" and "with project" scenarios. In the latter,
the benefits begin in Project Year 4 and reach a maximum
in Project Year 14. Thus incremental benefits attri-
butable to the project reach a maximum in Project Year
14 as well., All other project benefits are tabulated

as incremental benefits directly attributable to the

project.

The benefits from homestead plots are assumed to begin
in Project Year 4, when the first farmers are settled,
and reach their maximum level in Project Year 7, when
the last group is settled. These benefits have been
developed in Section 7.3.2.

Livestock benefits are developed in Section 7.3.3 and
do not begin until Project Year 8. They reach their
maximum level in Project Year 19,

Benelits from fisheries and forestry have been developed
in Section 7.3.4 and 7,3.5 respectively.

Power benefits are also included in the project analysis.
The estimated annual output from the Maduru Oya\power=
houses is 31 Gwh and is classed as secondary energy.
NEDECO has indicated the necessity for thermal capacity
in the system by 1983 and thus this secondary energy

has been asrumed to be 100% useable throughout the life
of the project. This power is valued at the cost savings
resulting in its use (i.e. the variable costs of thermal
generation which are primarily fuel). Updating NEDECO!s
estimate to mid-1979 levels results in a valuation of Rs.
.61/Kwh, or an annual benefit of Rs.19 million over the
life of the project, beginning in Project Year 4.
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A pummary of anticipated project benefits is provided
in Table 10-3.

10.2.4 Net Cash Flow

The net cash flow for determining the basic economic
internal rate of return for the project for Scenario A
is provided in Table 10-4,

10,3 Scenario B
10.3.1 Project Costs

In this scenario, direct project costs are comparable
to those in Scenario A with some additional engineering
costs (on the Main and Branch Canals) relating to the
longer development period. Total costs are spread out
over the years 1980 - 88, The cost schedule for the
Right Bank Cenal from Minipe to Ratkinda is comparable
to Scenario A. A summary of the annual phasing of the
capital costs used in the economic analysis is shown
in Table 10-~5.

10.3.2 Project Benefits

The delayed benefits from the project for Scenario B
have been developed in Chapter 7. As in Scenario A,
power benefits are included in the total project benefits
at Rs.19 million beginning in Project Year 4. A summary
of the project benefits for Scenario B is provided in
Table 10=6.



TAELE 10-3

SCENARIO A
SUMMARY OF NET PROJECTED BENEFITS
( MILLION RUPEES)

FORESTRY POWER TOTAL

1 79 75 - - - - - - -
2 79 79 - - - - 10 - 10
3 75 75 (W) - - - 9 - S
4 79 110 8 (%) (1) 9 19 62
5 79 201 122 26 (12) (1) 9 19 163
6 79 335 256 L6 (11) 1 9 19 318
? 79 467 382 60 - 1 &) 19 Y,
8 75 525 hus 60 10 1 - 19 536
9 79 572 493 60 12 2 - 19 586
10 79 597 518 60 15 2 - 19 614
1 79 607 528 60 17 2 - 19 626
12 79 609 530 60 20 2 - 19 631
12 79 611 532 60 22 2 - 19 635
1% 79 612 533 60 25 2 - 19 639
15 79 612. 533 60 27 2 - 19 641
16 79 612 533 60 20 2 - 19 (1
a7 79 612 533 60 22 2 - 19 646
18 79 612 533 60 25 2 s 19 694
19-22 79 612 533 60 36 2 s 19 695
2332 79 612 533 60 % 2. - 19 650
33-37 79 612 533 60 36 2 34 19 684
38-40 73 612 533 60 36 2 - 19 650
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SCENARIO A
NET CASE FLOW STMMARY
(MILLION RUPEES)

CAPITAL AND TOTAL PROJECT NET CASH
YEAR OPERATING COSTS BENETITS _FLOW
1 459 - (451)
2 974 10 (96k)
3 9Lo 5 (935)
4 83 62 (772)
5 610 16 (4u7)
6 k10 318 (92)
7 98 Le? 369
8 61 536 475
9 56 586 530
10 56 614 558
1 56 626 . 570
12 56 631 575
13 56 625 579
1% 56 639 - 583
15 56 641 585
16 56 644 588
17 50 646 596
18 50 1 6Lk
19-22 50 695 645
23-26 50 650 600
27-32 Ly 650 . 608
33-37 Ly 684 640
38-40 Ly 650 606

sources : Tables 10-2 and 10-3
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TABLE 10-5
SCENARIO B

CAPITAL AND OPERATING COSTS FOR ECONOMIC ANALYSIS
{(MILLION RUPEES)

ROADS PROJECT
IRRI- - EXPERI- INCL. MGT.
GATION ALLOCATED MENTAL ACCESS SETTLE- INFRA- ,
YEAR  SYSTEM COSTS FARM ROADS ~MENT _ STRUCTURE O& TOTAL
1 350 64 6 5 - 10 S
2 22 107 7 20 - 10 - 889
> 592 L3 30 - 10 - 675
4 401 - - 30 15 10 1M g7
5 293 30 26 10 17 76
6 357 : 30 36 10 23 Lse
? ) 313 30 32 10 30 Las
8 227 30 35 10 38 350
9 160 ' ) 30 29 10 45 274
10 5 15 b 10 52 96
1 10 6 66
“12-19 56 56
20-29 50 50

- 30-40 by Ly
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SCENARIO B

SUMMARY OF NET PROJECT EENETITS

(MILLION RUPEZES)

TRRIGATZD CROPS

YEAR  WITaCcT W.Ta
1 75 75
2 75 79
3 79 75
b 79 103
5 79 156
6 79 215
? 79 285
8 79 368
9 79 459

10 79 534

11 79 569

12 79 591

13 79 6ok

14 79 609

15 79 610

16 79 M

7?7 79 612

18 79 612

19 79 612

20 79 612

21 79 612

22-24 79 612

25 79 612

26-32 79 612

33-39 79 612

Lo 79 612

(4)

24

77
136
206
289
380
Lss
490
512
525
530
531
532
533
533
533
533
533
533
533
533
533

533

o
—

HOMESTEAD LIVESTOCK FISHERIES FORESTRY POWER TOTAL

- - - 7 - ?

- - - 5 - 1

4 &) &) 5 19 50
12 ) (1 5 19 108
22 (&) (D) 5 19 177
33 C) 1 5 19 260
43 (1) 1 5 19 356
53 1 2 6 19 461
60 7 2 - 19 . 543
€0 13 2 - 19 584
60 16 2 - 19 609
60 18 2 - 19 624
60 21 2 - 19 632
60 23 2 - 19 635
60 26 2 - 19 639
60 28 2 - 19 642
60 3 2 30 19 675
60 33 2 30 19 677
60 34 2 30 19 678
60 35 2 30 19 679
60 36 2 30 19 680
€0 36 2 15 19 665
60 36 2 - 19 650
60 36 2 22 19 672
60 36 2 11 19 661

ke
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The net cash flow for determining the economic internal
rate of return for the project for Scenario B is provided

in Table 10-7.

10.4 Benefit-Cost Assessment
10.4.1 Base Case Results

For Scenario A the Base Case, analysis is conducted with
paddy yields (t/ha) at the following levels :

Maha Yala
Land Class 1R 4.4 4,6
Land Class 2R 3.6 3.8

The net cash flow for this scenario is shown in Table
10-4 and the resulting economic IRR is 10,7 per cent
per annum, Using the same yield levels for Scenmario B
(Table 10-7) results in a project economic IRR of 10,2
per cent per annum. Thus the slower development
schedule results in about a 0.5 per cent decline in the
project IRR.

10.4,2 Sensitivity Analyses

A number of sensitivity tests have been undertaken on

the Base Case . In addition,the sensitivity of the IRR
with respect to a number of different paddy yield levels
has been conducted for both Scenarios A and B. With
Teference to the Base Case paddy yields discussed above,
project benefits were recalculated on the basis of higher
and lower paddy yields (t/ha) in Maha/Yala as follows

,uxb



TAELE 10-7
SCERARIO B

NET CASH FLOW
(MILLION RUPEES)

CAPITAL AND TOTAL PROJECT  NET CASE
YEAR OPERATING COSTS BENEFITS FLOW
1 Lis - (4L5)
2 855 ? (882)
3 675 1 (674)
4 Lg7 50 (417)
5 375 108 (268)
'3 Lss 17? (279)
? Las 260 (155)
8 340 356 16
9 274 461 187
10 96 543 b4?
11 66 584 518
12 56 . 609 553
12 56 . 62k 568
14 56 632 57
15 s6 635 579
16 56 639 583
17 56 642 586
18 56 675 619
19 56 €77 621
20 50 678 628
21 50 679 629
22-24 50 €80 - 630
25 50 665 615
26-29 50 650 600
30-32 Ly 650 606
33-39 Ly 672 628
Lo Ll 661 617

Source : Tables 10-5 and 10-6
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Lower Yields Higher Yields

Maha Yala Maha Yala
Land Class 1R 4.0 4,2 4.9 5.1
Land Class 2R 3.2 3.4 4.0 4,2

An eight year period to realise the maximum economic
benefit from paddy production (versus 5 years) was

also tested for both development scenarios. The results
of the yield sensitivity calculations are shown below :

Scenario A Scenario B

Base Case 10.7 % 10.2 %
Higher Yields 12,3 % 11,6 %
Lower Yields 9.2 % 8.8 %
Eight years to Maximum 10.4 % 9.8 %
Paddy benefit (base case

vields)

In short,the IRR estimate is very sensitive to yield
levels. A 10 per cent change in yields would change

the IRR by about 1.4 per cent., Changes in paddy prices
and cropping intensities would have similar effects on
the resulting IRR estimate. On the other hand, increaus-
ing the length of time required to obtain maximum paddy
benefits from 5 to 8 years has a relatively minor impact
on the resulting IRR.

In section 10.2.2, two cost allocation methods for the
Right Bank Canal from Minipe to Ratkinda were discussed.
The incremental cost approach is used in the Base Case
Ifihowever, costs were allocated on an equal basis
between Systems B and C, the project IRR would fall to
9.6 per cent per annum,

A number of sensitivity tests were also undertaken to
determine the impact of increases in capital costs on



TABLE 10-8
SUMMARY OF IRR ESTIMATES

SCENARIO A SCENARIO B
Base Case 10.7% 10.2%
Higher Yields 12.3% 11.6%
Lower Yields 9.2% 8.8%
Zight years to maximum Paddy Bens=fits 10.4% 9.8%
Scenario A with
50% share of Right Bank Canal Costs 9.6%
Capital costs up 5% 10.3%
10% 9.9%
15% 9.5%
20% 9.1%
Project Benefits down 5% 10.1%
104 9.4%
15% 8.8%
20% 8.1%
Unplanned Delay in Implementation Schedule 9.5%
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the project IRHR. The results indicated an approxi-
mately linear relationship in which the project IRR falls
0.8 per cent for every 10 per cent increase in capital
costs. Thus a 10 % increase in capital costs for the
Base Case in Scenario A would result in an IRR of about

9,9 per cent per annum,

In addition, the impact of a decline in overall project
benefits was examined. Again, an approximately linear
relationship was established where the project IRR would
fall by 1.3 per cent for every 10 per cent decline in
project benefits. Thus if total project benefits are
actually overestimated by 10% in the Base Case, the

IRR would drop to 9.4 per cent per annum.

Finally, the impact of an unplanned delay in project
implementation was examined. The unplanned delay scenario
was simulated by combining the capital and operating

cost streams from Scenario A with the project benefit
stream from Scenario B. This resulted in a project IRR
of 9.5 %. Clearly a planned re~scheduling of project

., implementation, yields more attractive economic results
than does an unplanned delay.

The results of the Base Case analysis and wvarious

sensitivity tests are summarised in Table 108,

10.4.3 Other Evaluation Criteria

Decision makers may actually want to analyse the socio-
economic viability of the proposed project from a slightly
different perspective. Questions arise regarding :

= the socially desirable impact of selecting
relatively poor families for settlement in
the region ;
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= the regional impact during the construction
period which would be generated by worker
expenditures in the area ; and

= long-term regional growth of the secondary
and tertiary sectors which is directly
dependent on the agricultural population in

the project area.
The implications of these investigations with respect
to the basic economic analysis conducted are summarised

below :

Consideration Impact on Basiec IRR

The net social benefit of Add from 1.2% to 2.5%
assistance to relatively to basic IRR
low income families

- Q\\n’\ M“

The regional impact of Add 1,6% to basic IRR | .+\.§5,
construction worker expen- “7-\-&\'5
diture in the area

The net socio=economic Add 2.1% to basic IRR
benefits of long-term
regional spineoffs

10,5 Summary

In this chapter an economic cash flow analysis has been
conducted to determine the most likely internal rate of
return (IRR) for the Maduru Oya Project. The key IRR
estimates are

Scenario A = 10,7 %

Scenario B - 10,2 %



- 154 o

Aclmowledging that some risk and uncertainty is inherent

in any project of this nature,a number of sensitivity

tests were conducted. Using either higher or lower level
yields for both Scenarios A and B resulted in either a

14 % increase or a 14 % decrease in the IRR. The impact

of higher capital cost charges, different project benefits,
or a different cost sharing formula for the Right Bank
Canal was also considered. With respect to Scenario A,

the principal results are as follows

IRR Range

Yields & 10 %' 9.2% ~ 12.3% ( 14% of 10.7%)
Project Benefits 210% 9.4% « 12,1% (2 13% of 10.7%)
Capital Costs = 10% 9.9% = 11.5% (2 8% of 10.7%)

Shared Cost of RBC 9.6 % (= 16% of 10,7%)

In short, the economic intermal rate of return is esti-
mated to be about 10 to 11 per cent per annum. Allowing
for risk and uncertainty the IRR actually achieved could
range from a low of 8% per annum to a high of 12% per
annum,.

At the same time, it must be acknowledged that if a slightly
different methodological approach is employed, a signifi-
cant upward adjustment in the economic IRR is warranted.

In total an increase in the order of 50% in the basic IRR

is possible if less quantifiable factors are incorporated
into the analysis.

* Because of two crops of paddy per annum, a 10% yield
change will result in a disportionate change in paddy
benefits which is more than a 10% change in total
project benefits.

A
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FOREWORD

The Feasibility Report on the Maduru Oya Project, of
which this Annex forms a part, is made up as
follows:

Main Report

Annex A - The Project Aréa

Annex B - Soils and Land Classification

Annex C - Hydrology and Water Balance
Annex D - Engineering Works

Annex E - Agronomic Studies

Annex F - Livestock

Annex G - Agroeconomic Studieé

Annex H - Forestry

Anhex I - Settlement Planning

Annex J - Environmental Aspects

Annex K - Implementation, Organization
and Management

Annex L - Economic and Financial Analysis
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1l - INTRODUCTION

The Maduru Oya project is located in the eastern part of the
Dry Zone of Sri Lanka, as shown in Figure A-l. 1Its overall
area of some 130 000 ha (1,300 km2) is located primarily
within the Polonnaruwa and Batticaloa Districts. The former
falls within the North Central Province, and the latter is in
the Eastern Province.

This annex presents a picture of the project area as it is
now. Section 2 contains physical data and descriptions,
drawn primarily from other annexes to this report. The most
important of these, in which further details can be found,

are
- Annex B - Soils and Land Classification
- Annex C - Hydrology and Water Balance

- Annex E - Agronomic Studies

- Annex F - Livestock

- Annex H - Forestry

- Annex J - Environmental Aspects.

Section 3 presents information on present land use. Since
this is dominated by agriculture, emphasis is on tank schemes
of various sizes which have been established in parts of the
project area. March 1979 aerial photographs form the basis
for a map of present land use. Communities of significant
size are identified, and the level of services provided to
the residents of the area is discussed and compared to
national norms in Section 4. A brief outline of studies of
the proposed project which preceded this feasibility study is
included as Appendix I.



Especially with respect to the subject of human activities
and infrastructure development, a survey conducted by MDB in
early 1979, "Basic Socioeconomic Data of Maduru Oya (System
B)"l, was an extremely valuable source of data and is used
extensively herein.
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2 - PHYSICAL AND BIOLOGICAL FEATURES

2.1 - Introduction

Figure A-2 shows the location of the project area in relation
to the important centers of Trincomalee, Polonnaruwa and
Batticaloa. The area is bounded in the north and west by
Systems A and C of the Mahaweli Scheme, and falls within
Polonnaruwa District (the Left Bank of the west of
Kadawathamadu) and Batticaloa District (the Right Bank and
the eastern Left Bank). A small part of the southern Right
Bank area falls within Amparai District.

The southern part of the project area, occupied by that
portion of the Maduru Oya basin which drains to the proposed
reservoir, is separated from the Mahaweli Ganga valley by a
north-south line of hills of height up to about 670 m above
sea level., These hills are Precambrian in origin, in common
with the underlying formations throughout the project area.
A spur from the northern end of this range traverses the
Maduru Oya valley in a generally southeasterly direction.
The gap through which the Maduru Oya flows in its northerly

course forms the site of the proposed dam. At this point,
the river is aboui: 67 m above sea level.

The irrigation area lies along either side of the Maduru Oya
downstream from the Maduru Oya damsite, which is located
approximately 32 km south of Welikanda. It is bounded on
the southwest by the Hungamala Ela and System C, on the
northwest by the floodplain of the Mahaweli Ganga, on the
north by System A, on the east by the lagoon lying inland
from the Bay of Bengal, and on the southeast by the
Meeyankolla Ela.



2.2 - Physiography and Geology

Physiographically, the project area is a peneplain--an old
erosional surface with generally subdued topography broken by
outcrops of rock ridges or isolated knobs. These outcrops
become less frequent toward the northern boundary of the

project area.

The geology of the project area is characterized by
Precambrian rock which can be separated into two groups.

- The Vijayan series of hornblende gneiss, biotite gneiss and
hornblende biotite gneiss with associated pegmatites and
migmatites. This group dominates the project area.

- The transitional zone of rocks between the Vijayan series
and the Khondalite series. This group is made up of horn-
blende biotite gneiss, charnokites, biotite gneiss and thin
calcic silicate lenses. This rock group is found mainly in
the southwest part of the project area.

These ancient rocks have given rise to a mature, mantled and
undulating peneplain which merges to the north with the

Pleistocene and Miocene sediments of the coastal plain.
Large, prominent and isolated erosional remnants and promi-

nent ridges rise to heights of over 400 m (Gunner's Quoin)
above the general level of the surrounding plain. The
elevation of the latter varies from about 80 m above sea
level in the south to under 30 m in the extreme north. The
mantle covering the peneplain rock is generally thin and
sometimes nonexistent, as in areas of rock knob plain and
outcropping flat rock. Because of the relatively impermeable
nature of the parent rock, groundwater is generally confined
to localized joint concentrétions, and the solid and associ-
ated weathered rock.



Two very different soils have developed on the Precambrian
rocks. On those rich in ferromagnesian minerals belonging to
the Vijayan series and especially to the transitional zone,
moderately deep to shallow (less than 100 cm), reddish to
brown, sandy clay loam soils have developed, on slopes which
often exceed 2 percent and sometimes 4 percent. These soils
normally occur in association with prominent rock outcrops.
On the rocks relatively poor in ferromagnesian minerals but
rich in quartz, moderately deep to shallow, grey-brown, loamy
sand and sandy loam soils occur, These overlie impermeable
rocks and usually occur on slopes not greater than 4 percent.
The soils of the upper slopes tend to be moderately well to
well drained, while those of the lower slopes tend to be
imperfectly drained.

Associated with these soils are imperfectly to poorly drained
bottom land and old alluvial soils of variable but usually
sandy texture. These o0ld alluvial soils, although showing a
dendritic pattern and for the most part occupying relatively
low land, are not necessarily associated with the present
day drainage. A relatively wide band of imperfectly to very
- poorly drained recent alluvium (with the exception of a low,
narrow, moderately freely draining levee soil) occurs along
the Maduru Oya and the Mahaweli Ganga.

During the wet season, known as the Maha (see Section 2.4),
the imperfectly draining recent and old alluvial soils
become saturated, partly because of indeterminate drainage.
The elevated quartz-rich soils, which are in many cases
underlain at depths of 1 m or less by impermeable rock, also
quickly reach saturation and remain waterlogged throughout
the wet season. These same soils, because of their coarse
texture, dry out quickly during the dry season.

n



The reddish to brown sandy clay loams, usually associated
with the steeper slopes, can shed water, not only due to
their slopes, but also due to their lower infiltration rates.
Because of their composition, especially the nature of the
clay fraction, they also dry out quickly in the dry season.
Unlike their grey-brown sandy counterparts, which remain
friable, they become hard and difficult to cultivate.

Fifteen great soil groups have been indentified in Sri Lanka,
six of which occur in the project area. These are as

follows.

Reddish Brown Earths (RBE)

Four well drained and four imperfectly drained series of
this group have been identified within the project area.
About 24 percent of the soils of the project area fall into
this group. 1In the upland (well drained) areas, many of

the RBE soils are shallow, steeply sloping or gravelly. The
better quality soils tend to occur in small (under 100 ha)
blocks.

Noncalcic Brown Soils (NCB)

Two sell drained and two imperfectly to poorly drained
series of this group have been identified. For each
drainage type, the two series are differentiated by clay
content. About 34 percent of the soils in the project area
fall within this group.

Low Humic Gley Soils (LHG)

Three poorly drained series of this group have been identi=-
fied in the project area, and together they constitute about
3 percent of the total project area.



Recent Alluvial Soils (RAL)
of the Maduru Oya

Four series of recent alluvials have been identified, three
of which are poorly drained and one of which is a moderately
well drained levee soil. About 7 percent of the soils in
the project area fall within this group.

0ld Alluvial Soils (OAL)

These soils, which occur in old tributary valleys, are
variable in texture, but drainage is normally imperfect to
poor. Soils of this group constitute about 21 percent of
the project area. The group is subdivided into four series.

Solodized Solonetz Soils (SS)

These soils, which occupy less than 1 percent of the project
area, are imperfectly drained and alkaline at depth. Two
series have been identified.

As discussed in Section 3, agriculture in the project area
is dominated by lowland paddy cultivation. This type of
agriculture is carried out successfully on LHG, RAL and OAL
soils, on the imperfectly drained RBE's and on the finer
textured, poorly drained NCB's. Some homestead and shifting
cultivation takes place on the upland soils.

2.3 - Climate

The Maduru Oya basin experiences a tropical climate, falling
under the influencz of the Northeast (December to February)
and Southwest (May to September) monsoons. The Northeast
monsoon (Maha) brings most of thé annual rainfall, and



therefore runoff, in the catchment area (see Figure aA-3).

The Southwest monsoon (Yala) is typically dry due to the
orographic effect of the Central Highlands of Sri Lanka.
Rainfall in the intermonsoon periods can be caused by either
convective or cyclonic storms. Table A-2.1 summarizes mean
and extreme values of three key hydrometeorological
indicators--temperature, precipitation and streamflow. These
figures illustrate the relatively minor temperature
fluctuations which are normally experienced, compared with
wider fluctuations in precipitation and ‘streamflow.

2.4 - Forests

The forests of the project area appear to have been heavily
exploited in one manner or another over a long period.
Evidence of ancient settlements is found throughout in the
form of abandoned bunds, tanks and ruins. More recent
selective commercial logging has depleted much of the area

of material for railway sleepers and timber logs. There has
also been widespread exploitation of the forests for

building materials and fuel wood by the local population, and
chena (shifting) cultivation has left significant scars on

the landscape.

These activities have turned the originally lush Dry Zone
forest into badly degenerated scrub jungle, characterized by
scattered, short, limby mature trees of many species, with

an understory of shrubs and pole-sized material. Some
replanting to teak or eucalyptus of clear-cut chena lands

has been carried out, either by the Forest Department (in the
Korale Forest Reserve) or under agreements between chena
farmers and the Forest Department. Large park-like areas

/L;\ta



TABLE A-2.1

SUMMARY OF CLIMATIC MEANS AND EXTREMES

Temperature
(°c)*

Rainfall
(m) **

Streamflow
(106m3) *x=

* pata for Batticaloa.

** pData for Welikanda.

Maxima and minima are extremes recorded over the period of record.

Maximum year -~ 1957, minimum year - 1968.

***pata for Maduru Oya at damsite.

=X

Maximum year - 1957, minimum year -~ 1956.

Maximum,

Minimum

or Month )
Average Jan. Feb. Mar. April May June July Aug. Sept. Oct, Nov. Dec. Annual
"Maximum 31.4 33.6 35.4 36.6 37.4 38.2 37.4 37.8 37.6 36.2 33.3 32.1 38.2
Average 25.4 25.7 26.8 28.0 29.0 29.5 29.1 28.6 28.4 27.3 26.3 25.5 27.5
Minimum 17.1 17.4 19.1 21.7 20.9 21.2 21.1 20.6 20.4 20.4 18.0 19.0 17.1
Maximum 152 402 0 0 10 0 28 7 38 . 173 579 1,465 2,946
Year

Average 236 147 65 87 62 22 65 64 75 192 319 432 1,765
Minimum 128 0 116 0 0 0 0 18 26 269 315 871
Maximum 59 107 14 2 4 0 0 0 0 0 8l 630 897
Year

Average 95 48 20 14 13 4 3 4 4 15 50 112 381
Minimum 36 6 14 0 1l 0 1l 9 25 53 154
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have developed as a result of soil and moisture conditions,
plus the long-term use by human (chena cultivation) and

animal (grazing) populations.

Five classes of forest or recently forested land have been
identified from the recent aerial photographs

- Dense Forest (Type 1)
- Medium Forest (Type 2)
Light Forest or Parkland (Type 3)

- Forest Plantations

Chena (active or recent).

Conclusions regarding areas and timber volumes drawn from
these photographs are more reliable than any available offi-
cial forest inventories because of the continuing activities
of chena farmers. The locations of the various classes of
forest are shown in Figure A-4, the preparation of which is
discussed in Section 3.1. Areas and estimated timber volumes
are summarized in Table A-2.2, while the principal tree
species occurring within the project area are summarized in
Table A-2.3. These exhibits indicate the degree of influence
that exploitation by chena cultivation has had on the forests

of the project area. Only 2 percent of the forested area is
classed as Type 1 (dense forest), while an area equal to

almost half of the total forested area has been subject to

recent chena cultivation.

2.5 - Floodplains

2.5.1 - Mahaweli Ganga Floodplain

The western boundary of the project area can be considered
to be the edge of the Mahaweli floodplain or the Right Bank



TABLE A=-2.2

FOREST AND CHENA LANDS IN THE PROJECT AREA

11

Area in ha

Percent of

Estimated Left Right Total Total Project
Yield* Bank Bank Total Forest Arca
(m3/ha)
Type 1 - Dense Forest 6 1 000 300 1 300 1.9 1.1
Type 2 - Medium Forest 5 31 800 18 000 49 800 74.7 40.2
Type 3 - Parkland Nil 9 200 2 000 11 200 16.8 9.0
Plantation fdaded 4 200 200 4 400 6.6 3.6
Subtotal Forests - 46 200 20 500 66 700 100.0 53.9
Chena Nil 22 700 10 100 32 800 - 26.5
Total Forest and Chena - 68 900 30 600 99 500 .- 80.4

* Merchantable timber.
**No yield estimate available.
15 yr old.

Plantations in the project area are under



TABLE A-2.3

PRINCIPAL TREE SPECIES

Botanical Name

Drypetes sepiaria

Manilkara hexandra

Hotoptelea intigrifolia

Euphoria longana

Berrya cordifolia

Bauhinia racemosa

Pterospermum canescens

Spyzygium cimini

12

Local Name

Potential Uses

Wira

Palu
Godakirilla
Mora
Halmilla
Mayila
Velang
Nadung

Fuel and charcoal
Sawlogs-~less valuable
Sawlogs~--~less valuable
Sawlogs--less valuable
Sawlogs=--valuable
Sawlogs

Sawlogs

Sawlogs

Note - All species caﬁ'be used for fuelwood and charcoal.
Wira is only suited to this use, due to the poor shape

of its trunk.
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of the Mahaweli Ganga, depending on the plans for development
of the floodplain. Elsewhere in this feasibility study, the
boundary is considered to be the edge of the floodplain due
to the difficulties associated with agricultural development
under continued flooding conditions, and the importance of
the area to wildlife, fish and grazing domestic animals. The
following description is intended to complete the picture of
the project area, as bounded by the Mahaweli.

The portion of the floodplain of the Mahaweli Ganga which is
adjacent to System B covers an area of over 10 000 ha. The
levees of the Mahaweli are at a relatively high level and
consist of generally well drained soils. A considerable
amount of tobacco cultivation is carried on in these areas,
often with supplementary irrigation water lifted from the
river. Moving inland, the level drops to that of the
floodplain proper, which is subject to widespread inundation.
Flooding typically begins in late October and often lasts
until late January. The main Polonnaruwa-Manampitiya road is
occasionally impassable during this period. 1In 1978, it was
impassable from November 24 until December 8.* At the lowest
elevation are permanent wet areas or swamps, known as
"villus". These areas receive water when the river level is

high and discharge it slowly through connecting channels when
the river level is low. They do not dry out in most years,

and are therefore important dry season concentrating points
for wild animals, birds, fish and grazing domesticated
animals. The major villus adjacent to the project area,
beginning at the northern boundary, are

- Vandevetiena villu
- Kokku Villu

*The floods caused by the 1978 cyclone were fairly serious,
and are estimated to correspond to a return period on once
in 3 to 5 yr.
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- Kanavadi Villu/Katuwanwila Villu
= Mutugalla Villu

- Hewampitiya Villu/Karapola Villu
- Tamdra Villu '

- Gengala Villua

- Bendiya Villu/Handipan Villu.

Because of the opportunity presented by nature for grazing,
water supply and fishing during the dry season, villages have
become established over the years on the high land adjacent
to the floodplain. Small tanks have also been established to
permit a late wet season crop of paddy to be grown in some
areas.

2.5.2 - Maduru Oya Floodplain

The floodplain of the Maduru Oya is subject to shorter dura-
tion, more intense flooding than that of the Mahaweli. The
period of serious flooding typically lasts from mid December
to early January, although once in 5 yr such flooding can
begin as early as October 30 or ené as late as February 4.
The median duration of serious flooding is 2 days, but
durations of 0 to 14 days have been recorded.

The floodplain of the Maduru Oya has fewer swamp areas
(villus) than does that of the Mahaweli, and has been culti-
vated to a greater degree by the residents of the area.

Parts of the area downstream from Welikanda are cultivated in
"rainfed" paddy (see Figure A-4 for locations) by farmers who
accommodate the risk of flood damage by planting in early
October, thereby ensuring that the long-stemmed variety which
they plant will have grown tall enough by mid December to
resist flood damage. The need to use long-stemnied varieties
does limit yield potential, however.

’0%?/'
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2.6 - Wildlife

As discussed in Annex J, the project area is inhabited by a

wide variety of wildlife, six species of which have heen
included in the U.S. Government's most recent (1979)

endangered species list.

Of the 115 mammalian species and subspecies found in Sri
Lanka, 58 are likely to be found in the project area.
Species observed or detected by signs during field trips

associated with this feasibility study included

- Presbytis entellus thersites

- Macaca sinica sinica

- Hystrix indica

~ Lepus nigricollis singhala

- Canis aureus lanka

- Herpestes edwardsi lanka

- Herpestes smithi zevylanicus

- Panthera pardus fusca

- Elephas maximum maximus

- Axis axis ceylonensis

= Rusa unicclor

Grey Langur (Monkey)
Toque Macague (Monkey)
Old=-World Porcupine
Black-Naped Hare
Jackal

Grey Mongoose

Ruddy Mongoose
Leopard

Ceylon Elephant
Spotted Deer
Sambhur.

Of the mammals present in the project area, two (leopard and

elephant) are listed as endangered species, while the purple-

faced langur and toque macaque, both endemic to Sri Lanka,

are considered to be threatened.

There are 2 amphibian and 18 reptilian species endemic to Sri
Lanka, and found within the project area. Three of these,
the mugger crocodile (Crocodylus palustis), Bengal monitor

(Veranus bengalensis) and the python (Python molurus molurus)
are listed as endangered and many others have shown a decline

as a result of habitat destruction.
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There is little information relating to the fish of the
pProject area specifically. There are about 60 species of
freshwater fish on the island, at least 15 of which have been
introduced. Of the eight endemic fish species found within
the area affected by the Accelerated Mahaweli Programme, at
least four arc known to occur in the project area. These are
the two-spotted barb (Barhus bimaculatus), leaf lates

(Belontia signata), stone siicker (Garra lamta) and the

mountain labeo (Labeo fishevi).

The avian fauna of the project area is very diverse,
including both resident and migrant populations. Well over
100 species are expected to occur within the project area
and, in fact, 50 were observed during a single 9-day field
trip in September 1979. About half of these were species
dependent, in whole or part, on forest habitat.

Among the birds of Sri Lanka, eight species are endemic and
one of these, the red-faced malkoha (Phaenicophaeus
pyrrohocephalus) is endangered*. Others, such as the

rose-ringed parakeet (Psittacula krameri) and two species of

munia (Lonchura malabarica malabarica, Lonchura malacca

malacca) are agricultural pests of economic significance,
likely to have a negative impact on agricultural developrent
within System B.

2.7 - Archaeological Sites4

The Maduru Oya project area was once the scene of intensive
paddy cultivation and associated settlement, as evidenced by
the large number of abandoned tank bunds (including a large
bund at the Maduru Oya damsite), temples and other places of

*This species is, however, unlikely to occur within the
project area. /ﬁg\
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religious significance. There are several purana* villages
within the project area which are associated with still-
active ancient tanks. Yakkure village, which is located in
System C near the Mahaweli Ganga on the boundary with System
B, has been identified as one purana village which has
attributes which are particularly worthy of preservation.
The ruins of an ancient monastery, now used as a cemetery,
are located there.

Twenty-eight archaeological sites have been identified to
date by MDEB within the project area. The most important of
these, which are located in Figure A-6, are as follows.

Kandegama

This major site, which is located on a large rock outcrop
near the Maduru Oya damsite, has been set aside by MDB as an
Archaeological Reserve. The overall reserve is 1,200 ha in
extent, while the area immediately surrounding the caves,
dagoba,** and other ruins is about 36 ha.

Aralaganwila Vihare***

This site, which is located within the boundaries of the
Pimburettewa Scheme, contains a small dagoba. It can be
considered to be one of the earlier dagobas, as it has a
chatra (a stone umbrella). The ruins of the sacred
quadrangle are still visible.

* Ppurana - traditional.

** Dagoba - monument shaped like a hemisphere surmounted by a

spire.
***yihare - temple building.

%



18

Dimbulagala

This site, (Gunner's Quoin), consists of a vihare with
several buildings enclosed within a sacred quadrangle. The
Archaeological Department has excavated and conserved the
site which has been "identified as a typical monastery found
in several parts of the island"2.

Nelugala

This site is located on a large rock outcrop to the south
of Welikanda, on the Right Bank of the proposed project.
An Archaeological Reserve covering the entire outcrop has
been set aside.

Annex J contains an outline of the measures to be employed
by MDB4 to preserve the above major sites, catalogue
additional sites, and preserve those which may be threatened
by the proposed development.
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3 - PRESENT LAND USE

3.1 - The Map of Present Land Use

High quality aerial photographs flown by Hunting Technical
Services Ltd. in March 1979 and printed at a scale of approx-
imately 1:20 000 were interpreted to form the basis for the
map of present land use, Figure A-4., This map distinguishes
the following categories of land use

- Forest
~ Type 1 - dense forest
- Type 2 - medium forest
- Type 3 - light forest ("parkland") '
- plantation |

- Rock Outcrops

- Water
- tanks
- major rivers
- smaller rivers and streams

- Agriculture
=~ areas under paddy cultivation
- areas recently subject to chena cultivation
- large farms (government-owned livestock farms and
fiber plantations)

- Settlements
- groups of homesteads

- Transportation
- roads
- railroad.
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Table A-3,1 summarizes the areas which are devoted to the

above land uses.

Areas of human activity are scattered, with concentrations

in the Pimburettewa, Vakaneri and Punanai schemes, and in
settlements and minor tank schemes associated with the

lower lying areas. Over 50 percent of the project area
remains in forest (Section 2.5), and only 16 percent of the
total area can be considered to be associated with concen-
trated human activity. The remainder is either subject to
limited human activity (chena farming, forest exploitation,
grazing of domestic animals) or is uninhabited. The majority
of the population is engaged in agricultural activity of some
type, with some additional employment provided in the service
and government sectors. Communities in the area provide
basic services, but the standard of most services is below

national norms.

3.2 - Irrigated Agriculture
Under Tank Schemes

The traditional form of paddy cultivation in the Dry Zone

of Sri Lanka, which has been followed for over 2,000 yr,
involves the construction of a small reservoir or "tank"” to
provide security of water supply for a wet season (Maha)
crop. Secondary benefits of tanks have included their
function as sources of water for a small Yala crop, for
domestic water, and for domestic animal and wildlife grazing
during the dry season. Because of the typically open nature
of the damsites and the low height of the dams, a consider-
able ar<a of land is inundated relative to the area
irrigated-~typically 3 to 4 ha of Maha cultivation per
hectare flooded by the tank.
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TABLE A-3.1

SUMMARY OF PRESENT LAND
USE IN SYSTEM Bl

Percent

Land Use Category Left Bank Right Bank Total of Total
------------ (areas - ha)==~—=——ea--

Paddy 2 :
- major schemes . 4 900 - 4 900 4.0
~ minor schemes + rainfed 4 300 4 500 8 800 7.1
Subtotal 9 200 4 500 13 700 11.1
Chena 22 700 10 100 32 800 26.5
Forest
- dense forest 1 o000 300 1 300 1.1
- medium forest 31 800 18 000 ' 49 800 40.2
- light forest (parkland) 9 200 2 000 11 200 9.0
- plantation 4 200 200 4 400 3.6
Subtotal 46 200 20 500 66 700 53.9
Homesteads, settlements 2 600 300 . 2 %00 2.3
Tanks, standing water 2 800 400 3 200 2.6
Rock outcrops 2 800 1 100 3 900 3.2
Large farms> 600 - 600 0.4
TOTAL : 86 900 36 900 123 800? 100.0

Source: - Interpretation of 1979 aerial photographs

1The project area excludes the Mahaweli flooﬁplain, but includes Pimburette va, Vakaner: and Punanai schemes.

Pimburettewa, Vakaneri and Punanai schemes. Note that Figure A-4 does not include all of the Vakaneri Scheme.
The tabulated figures have been adjusted to include its entire area. .

3Includes coconut plantation, Cashew Corporation Farm, Livestock Board Farm, Paper Corporation "Illuk Farm"--
cultivated areas only.

-4The gross area shown here differs slightly from that quoted elsewhere for the project. This is due to the

airphoto coverage being limited to about 90 percent of the project area.

1¢
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3.2.1 - Major Irrigation Schemes

There are three "major" (over 500 ha gross area) irrigation
schemes which fall within the overall boundaries of the
project area, although some surveys of the area have
deliberately excluded them. For purposes of completeness,
they are included here. These schemes are the Vakaneri and
Punanai schemes, which are located in Batticaloa District,
and the Pimburettewa Scheme, which is located in Polonnaruwa
District. The present human activity in the project area is
concentrated around these three schemes. Table A-3.2
summarizes their characteristics.

The Vakaneri Scheme depends on the Vakaneri Tank, which.was
restored in 1910. It has been upgraded several times since
then, and now serves an area of some 3,100 ha in the Maha

and provides a Yala water supply which is sufficient to
cultivate about 800 ha. Runoff from the tank's small

natural drainage area (only 10 km2) is supplemented by

water which can be diverted from the Maduru Oya. The Punanai
Anicut (diversion structure), which is located to the south
of the village of Punanai on the Maduru Oya, was rebuilt in
1966-67. It permits full control of the main (north) channel
of the Maduru Oya, diverting water to the north into Vakaneri
Tank and to the south to the Punanai Scheme.

Normal operating procedure for the Vakaneri Scheme is to
retain.the tank level at full supply level (FSL) as long as
possible into the dry season, using a combination of
natural and diverted inflows. As flows in the Maduru Oya
reduce in May and approach zero in June, July and August,
the water stored in the tank must be withdrawn to "finish
off" the Yala crop.

B
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CHARACTERISTICS OF MAJOR TANK SCHEMES

Tank Characteristics

Gross Storage (106m3)
Live Storage (106m3)
Full Supply Level (m)
Minimum Operating Level (m)

Irrigated Area

Nominal Area (ha)
Normal Maha crop (ha)
Normal Yala crop (ha)

Scheme Name

Pimburettewa Vakaneri Punanai
49 17
42 16
71.3 16.3
64.0 10.5
1 6601 3 400 5102
1 260 3 120 410
1 160‘ 800 80

Notes: lincludes Tract 9, which is not irrigated at present.
2Estimated from map of present land use. Area quoted by
officials is 620 ha.
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In addition, some 1.4 million m3 of water is required per
year by the National Paper Corporation's Valaichchenai mill
(Section 3.6), which obtains its water supply by pumping
directly from the tank. Problems are frequently experienced
late in the Yala season when shortages occur because the
Planted area is greater than that authorized by the
Irrigation Department.* Officials estimate that about
one-third of the Yala crop is damaged by water stress.

As noted above, the Punanai Scheme receives water diverted
from the Maduru Oya at the Punanai Anicut. Due to the
absence of storage, the Maha crop of some 400 ha and Yala
crop of about 80 ha are subject to the uncertainty of the
unregulated flows of the Maduru Oya. Crop yields suffer
accordingly.

The Pimburettewa Scheme is located on the Kuda Oya, a left
bank tributary of the Maduru Oya which enters the latter

near Welikanda. The scheme was constructed over the period
1969 to 1978, with the first crop grown in the 1974 to 1975
Maha season. The bund (dam) for the tank was built at the
site of an ancient bund and impounds a total of 49 million
m3 of water, 39 million m3 of which can be considered to

be usable live storage. The natural water supply, as
regulated by the tank, is adequate to irrigate about 1,260 ha

of land in the Maha season, and an average of 1,160 ha in the
Yala. The northernmost tract (Tract 9) of this scheme has
never received water due to limitations in the natural water

supply and losses from the unlined canal system.

*The Yala crop is planted as early as possible to try and
minimize this problem. The crop is harvested in August
rather than in September, which is more typical for the Dry
Zone,

i

(s
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3.2.2 - Minor Tank Schemes

The Irrigation Department, through its offices at Manampitiya
(covering Polonnaruwa District) and at Chenkaladi (covering
Batticaloa District), keeps statistics for the numerous small
tank schemes falling within System B. However, since the
Department plays a limited (sometimes no) part in the opera-
tion of these schemes, the statistical data must be used with
some reservations. Fortunately, the map of present land use
(Figure A-4) provides a means of checking the statistics, at
least for the total areas quoted as being irrigated from
tanks or being cultivated under rainfed conditions.

The Manampitiya Irrigation Engineer's (IE) office lists 35
small tanks under its jurisdiction, while the Chenkaladi
IE's office lists 15. Twenty-nine of these 50 tanks are
located on Figure A-4, and the statistics relating to them
and other small tanks are summarized in Table A-3.3.

The operating policy followed at most of the minor tanks is
'fo give priority to the supply of water to the Maha crop,
with the result that there is little water left for a Yala
crop. Much of the water that is left is used for stock
watering or is lost to evaporation during the dry season.

Table A-3.4 allows a comparison to be made between the
cropped areas measured from the map of present land use and
the official statistics provided by the Department of Census
and Statistics and guoted extensively in Annex E. The data
in the table show that, in spite of the difficulties inherent
in obtaining meaningful statistics for scattered small
developments which are independently administered, the
derived indicators of present agricultural activity are
reliable.
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SMALL TANK SCHEMES
IN THE PROJECT AREA

1 Tank
Sector Number Tank Name
1 9 Ambalana Kulam
10 Kolakanaweli Kulam
11 Maha Wewa
12 Dalukana Wewa
13 Gal Wewa
15 Iddepichcha Wewa
16 Ella Wewa _
17 Ettapolankadawela Wewa
18 Aralaganwila Wewa
Miscellaneous
Subtotal Sector 1
2 1l Rottuwa Wewa
2 Mawa Kulam
3 Moonamadu Kulam
4 Mutugalla Kulam
5 Puduveli Kulam
6 Talemende Ode Kulam
7 Madiran Rulam
8 Kottukerner Kulam
14 Gamunu Wewa
25 Singara Kulam
26 Attikattu Kulam
27 Mathurawerni Xule'i
28 Kunchan Kulam
29 Kirimechehi ode .ulam
30 Kadawatamadu Kulam
31 Annasuddakattu Xulam
Miscellaneous
Subtotal Sector 2
3 20 Meeyankolla Kulam
21 Tharavai Kulam
22 Wadamunne Wewa
23 Harakagala Wewa
24 Kalichckai Tank
Miscellaneous
Subtotal Sector 3
Grand Total
Notes: 1

N U s WwN

( floodplain (4)

" (floodplain (5)

construction (26"

Gross Areas in ha
Storage Gross 3 Net Cropped
in Tank 1Irrigable Maha Yala Remarks
(10%m3)
N.R. S 40
1.0 6 70
N.R. 20
0.6 70
6.8 260
0.2 6 20
N.R. 80
0.5 6 40
N.R. ¢ - - - (Included in
N.R. 240 (Pimburettewa
(Scheme (18)
840 660 130
1.3 90
1.1 90
0.6 6 40
N.R. - - - {In Mahaweli
0-1 - - -
0.4 40 (In Mahaweli
0.5 40
0.2 20
0.1 10
0.3 6 40
N.R. 60 Estimate.
2.7 6 160 Tank under
N.R. 40
1.5 6 100
N.R. 80
1.2 6 120
N.R. 370
1,300 1,040 210
N.R. 580
0.5 80
4.5 6 150
N.R.6 40
ﬂ.R.G 40
N.R. 360
1,250 1,000 200
3,390 2,700 540

Sector 1 -~ Left Bank as supplied by Main Canal to Railroad
Sector 2 - Balance of Left Bank
Sector 3 - Right Bank

See Figure A-4 for locations of tanks
Taken from Irrigation Department statistics
Estimated to be 80 percent of gross area
Estimated to be 20 percent of Maha area

N.R.

= Not Recorded
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TABLE A-3.4

COMPARISON OF DATA RELATED TO AREAS
CULTIVATED IN PADDY

Small Tank Schemes

Gross Area
Maha Crop Area
Yala Crop Area

Rainfed Areas

Gross Area
Maha Crop Area

Small Tank Schemes and Rainfed
Gross Area
Maha Crop Area

Yala Crop Area

Major Schemes

Gross Area
Maha Crop Area
Yala Crop Area

Notes:
1l

Total Areas in Hectares

for Project Area

Source

Dept of Irriga- Present

Census & tion Land Use Adopted

Statistics Dept Map for Studyl

2 300 3 390 3 590 3 400

1 920 - - 2 700
550 - - 540

6 360 - § 190 5 000

4 790 - - 4 000

8 660 - 8 780 8 400

6 710 - - 6 700
550 - - 540

5 020 5 680 4 900 5170

4 0602 4 880 - 4 790

1 6202 1l 860 - 2 040

2pCs data not representative, as build up of cropped area
in Pimburettewa Scheme took place 1973-1978, for which period

averages have been computed.

Adopted for calculating "Future Without the Project" returns.
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3.3 - Rainfed Paddy Cultivation

In those areas which have imperfectly to poorly drained low-
land soils but which have no suitable site for a tank, paddy
can still be grown on bunded fields in the Maha season. It
is estimated that some 5,000 ha of land in the project area
are burded and suitable for "rainfed" paddy cultivation, and
that akout 4,000 ha are cropped in the average Maha season.

The rainfed paddy areas are usually in the lower reaches of
tributary streams or the Maduru Oya. Thus, the term
"rainfed" is somewhat misleading, since some of each field's
water supply is derived from upstream runoff. However, since
the natural storage capacity of the watersheds is limited,
there is little insurance against dry periods during the wet
season. This fecrm of paddy cultivation is, therefore, the
least secure--a fact which is reflected in lower yields
(Annex E). Due to the higher risk of crop failure, farmers
with rainfed lands tend to invest as little as possible in
their crop and devote a minimum of labor to it. They typi-
cally live far away (often over 5 km) from the cropped area,
seeking supplementary employment during periods of low labor
requirement for the paddy crop.

Extensive rainfed paddy areas can be identified in Figure

A-4 in the floodplain of the Maduru Oya, on the eastern
boundary of the Pimburettewa Scheme, and in the valley
bottoms of the Right Bank tributary streams. Rainfed areas
recorded by the Department of Census and Statistics over the
past several years are summarized in Table A-3.5, while the
resolution of these areas against the areas computed from the
map of present land use is shown in Table A-3.4.
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TABLE A-3.5

RAINFED PADDY CULTIVATION
AVERAGED 1873 TO 1979

District

Polonnaruwa Batticaloa Amparai Total
Gross area (ha) 674 5 615 66 6 355
Area sown-Maha (ha) 643 4 119 26 4 788
Cropping intensity 95 73 39 75

(percent)
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3.4 - Chena Cultivation

Chena (slash and burn) agriculture is the oldest form of
rainfed cultivation in the Dry Zone. Although in some areas
it is the only form of agriculture practised, it is more
often practised in association with paddy cultivation under
a tank of upland/rainfed paddy. Within the project area,
chena cultivation can be categorizec as follows

Virgin Jungle - maximum cropping period 3 yr

Type 1

- Type 2 - Scrub Jungle - (10- to 15~-yr chena) - cropping
period 2 yr

- Type 3 Short Cycle Chena - fallcw period of 2 to 3 yr.
If grasses dominate the fallow vegetation, livestock

grazing may be practised 'as a "Maha crop" in association
with the grazing of the villus in the river floodplains

during Yala - cropping period 2 yr

- Type 4 - "Permanent" Cultivation - subsistence food crops

and cash crops in Maha; fallow or very short duration
crops (60 days) in Yala.

The total area of land devoted to existing or recent chena
cultivation has been estimated from the 1979 aerial photo-
graphs to ke 32 800 ha. It is estimated that about 20
percent of the area (6,600 ha) is under cultivation in a

given year.,
Several cropping patterns can be distinguished.
- A mixture of two or more crops, broadcast, e.g. kurankkan

and mustard; cassava, maize and cucurbits; or bananas and
papaw. Planting starts in Mahas with the onset of the rains
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and continues as far as possinle into the Yala (Type 1 and
2 chena).

= Monoculture blocks or interplanting with a total of 5 to
6 crops in one field, for instance, chillies, cowpeas,
maize, tomato, and ladies' finger (Type 2 and 3 chena).

- A dgreat variety of crops for subsistence and for local
markets may be grown. In such cases, there is some
specialization in cash crops like tobacco, chillies, or
soybean, for which fertilizers might be used. During Yala
sometimes a short duration crop like sesame or pulses is
also grown. The success of the latter depends on adequate
rainfall (Type 4 chena).

- When the permanently cultivated land becomes a homestead
(even of 1 to 2 ha) more perennial crops are grown, such as
coconut, fruit trees, hedges, and different types of useful
trees and plants for fodder, firewood, medicinal purposes,
etc.

On fertile soils the final stage of chena may be the home-
stead, on infertile soils it may be man-macle "parkland". The
natural vegetation, even on the shallow (sand) soils is
forest and scrub. For the most part chena cultivation
results in the long-term degradation of forest and soil

resources.

3.5 = Livestock

One of the more important activities in the project area,
affecting a large proportion of the land, is livestock

grazing. While productivity rates per unit area are low
due to the poor nutritional value of natural pastures and
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other environmental factors, the livestock population is

nevertheless large.

Cattle graze the villus during the 9-month period when they
are not flooded; it is estimated that about 10 000 ha of
villus land which is usable for grazing lies adjacent to the
project area, along the Mahaweli. During the 3 wettest
months of the Maha, the cattle are moved to the "damana" or
parkland areas, which are then usable to a limited extent.
Other suitable grazing lands are the verges of the flooded
areas of the numerous small tanks, and the crop stubble and
other material which are available in the irrigated lauds
below the tanks.

3.5.1 - Livestock Numbers

Data on cattle and buffalo numbers were collected during
MDB's 1979 Socioeconomic Survey.l fThe estimated total

number of livestock was 49 200, with the distribution between
Polonnaruwa and Batticaloa Districts and among livestock
types as shown in Table A-3.6. Furthermore, the survey
estimated there were about 5,000 goats in the area. It said
nothing about poultry, but most villagers keep a few chickens

for domestic use.*

*Independent data on bovine numbers in the Batticaloa System
B area are consistent with these estimates, nearly
identical. (Data collected by the Batticaloa District
Administration according to GSO Division, 1979.) The
Socioceconomic Survey may, however, have grossly
underestimated the number of goats in the region. The BDA
data indicate a total in excess of 7,000 for the System B
Batticaloa area alone. This same source indicates that the
System B Batticaloa area has a poultry population of some
6,000 birds.

:?ﬁﬁp‘
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TABLE A-3.6

LIVESTOCK NUMBERS - 1979

Neat Cattle Buffalo Total
District Number Percent Numbgg Percent Number Percent

Polonnaruwa 9 650 44 12 150 56 21 800 44
Batticaloa 19 050 70 8 350 30 27 400 56
28 700 58 20 500 42 49 200 100

Source: MDB Socioeconomic Survey- System B (1979)

Note: The above areas exclude the Korale Forest Reserve
and the Pimburettewa and Vakaneri Tank Schemes.
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Most of the bovine animals were in the Batticaloa District
with a particular concentration in the Vakaneri area.

Buffalo represented 42 percent of bovine animals and were
more important in the Polonnaruwa District. The MDB data are
very sketchy, and no information on herd composition was
collected. Nevertheless, the herd composition postulated in
Table A-3.7 has been estimated in Annex F based on the MDB
and other related data.

3.5.2 - Breeds of Livestock

The vast majority of the cattle and buffalo within the area
are of the indigenous type. 1Indigenous neat cattle (Zebu
or Bos indicus) are referred to as Sinhala breed; these are
small with a mature live weight of 160 to 200 kg reached
after about 4 yr of age.

Indigenous buffalo (Bubalus bubalis) average over 270 kg

at maturity (over 4 yr of age). The crosses between
indigenous buffalo and exotic Indian breeds, such as the
Murrah, grow to mature weights of around 320 to 370 kg.
Surti (the other main Indian breed) crosses are smaller.

3.5.3 - Livestock Production
and Ownership

In the project area, neat cattle and buffalo are essentially
multipurpose animals which can prcduce milk, meat, hides,
draft power and manure. When surplus animals are sold for
any of the above purposes, they can also provide a source of
cash income for an individual farmer.

Ownership is mainly private although, as described below,
there are some large government farms within or just outside

aph
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ESTIMATED HERD COMPOSITION IN THE
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MADURU CYA PROJECT AREA, 1979

Class

Subsistence or
Traditional Sector

Cows

Breeding Bulls
Draft Bulls
Calves
Replacements
Private Subtotal

Government

Commercial Milking Cows
Draft Breeding Cows
Breeding Bulls

Calves

Replacements
Government Subtotal
GRAND TOTAL

Type
Neat
Cattle Buffalo Total
6 000 4 000 10 000
600 400 1 000
1 000 4 000 5 000
8 000 6 000 14 000
3 000 2 000 5 000
24 600 20 400 45 000
1 300 340 1 640
300 - 300
120 30 150
' 600 140 740
680 490 1 170
3 000 1 000 4 000
27 600 49 000

21 400
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the area. Most or the private large herd owners reside out-
side the area, and stock are tended by herdsmen.*

3.5.4 - Grazing and
Management Systems

"Villu/Damana" Association

Herd size in the private sector tends to be largef than in
other areas of Sri Lanka, especially on the "Villu/Damana"
association--individual farmers may own over 300 cattle.

At the "purana" (traditional) village, a common occurrence is
for an individual to own 10 to 15 cattle with perhaps 3 in
milk at any particular time of the year. If the cows are
milked at all, it is once a déy in the morning before they
are sent out to graze collectively on public land. There are
large herds of cattle which provide only subsistence milk
production because of a lack of marketing outlets. These may
move many kilometres in search of grazing and to respond to
villu floods. 1In some areas, herds of 20 to 30 goats are run
in conjunction with cattle and provide meat as well as milk.

There are two types of large government farms within or

adjacent to the project area. On the northwest "Villu/
Damana". association at Kandakadu and Trikonamadu** lie the

Department of Animal Production and Health's two mainly dairy
farms.

* The Socioceconomic Survey revealed that, of the 17 800
private cattle and buffalo in the Polonnaruwa District,
only 4,274 were owned by 1,323 resident families. Of the
27 400 in the Batticaloa District, only 1,397 were owned by
396 resident families.

**Now excluded from the project area and inciuded in System A,



37

Their areas total 4,700 ha, and they run 3,500 neat cattle as
well as 1,060 buffalo for milk production and multipli-
cation and distribution of breeding animals. Within the
project area proper, near Welikanda, the National Livestock
Development Board (NLDB) is establishing a 2,400-ha draft
breeding station.

Tank or Colonization Schemes

Around existing and disused tanks and associited arable areas
(e.g. Vakaneri, Pimburettewa, Wadamunne and Punanai), cattle
ard buffalo are integrated into irrigated agriculture. They
may utilize paddy stubble, other crop residues and may graze
on bunds or fallow areas. They also utilize the tank

catchment areas.

Bovine animals may be fcr milk/meat or draft production., If
draft power is used for irrigated and dryland farming, the
animal can be regarded as an outlay or a receipt--if not
owned, it has to be hired.

The MDB Socioeconomic Survey estimates that buffalo are used
for land preparation for 70 percent of the cultivated area in

Polonnaruwa District and 20 percent in Batticaloa. 1In each
district, the remaining area is cultivated using tractors or

mamoties. For road transport, male cattle are generally used
in preference to buffalo. 1In some areas the buffalo is not
considered suitable for dry land cultivation because of its
fewer sweat glands and wallowing habit-~therefore cattle are

used.
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3.6 - Industrial Development

The only industrial development of any significance in the
project area is the National Paper Corporation's mill at
Valaichchenai. This mill, which uses a mixture of local
fiber and imported long fiber pulp as furnish, has a rated
pulp capacity of 16 000 tonnes/yr (7,300 actual), and
produces about 22 000 tonnes of paper and linerboard/box-
board per year. Present practice is to use rice straw
purchased from local farmers* and waste paper as sources of
local fiber, which together make up about 60 percent** of the
mill's furnish. Attempts are being made to produce other
types of fiber in the project area, using either kenaf of
sunnhemp. These two crops are being grown under rainfed
conditions on a farm (the "Kenaf Farm" in Figure A-4) located
near Punanai and belonging to the Paper Corporation, and
kenaf is being grown on a farm located north of Welikanda and
belonging to the Sri Lanka Cashew Corporation. The results
of these tests have not been encouraging so far. Problems
have included low yields under rainfed conditions and
difficulties in handling the plants and processing the pulp.

The water supply for tre paper mill is taken from Vakaneri
Tank, via a pumpiang station which is located over the water
and close to the bund. The pumping station is capable of
pumping water when the tank level is below that of the
irrigation sluices. However, when water levels are low,
production problems are experienced in the mill due to algae
growth which appears to coincide with the low tank levels.

* About 16 tonnes of rice straw were purchased in 1978, at Rs
80/tonne.
**The balance is made up of imported softwood pulp.
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Production problems at the mill are currently being examined,
and the feasibility of increasing the local fiber content of
the mill's output is also receiving attention. It is likely
that rice straw will continue to be the dominant source of
new local fiber, with a change in product mix to emphasize
corrugated cardboard and coarse papers and the most probable
means of increasing local fiber content.

27()



4 ~ COMMUNITIES AND SERVICES

The project area, since it is underdeveloped relative to most
of the country, has a lower population density and lower
level of services available to its inhabitants. This section
presents data on population and services, together with
comments where applicable. Population and settlement data
are presented first, followed by information on communica-
tions and access. 1Information on infrastructure covers the
areas of housing, schools, health, electricity and agricul-

tural support infrastructure.

4.1 - population and
Land Ownership

4.1.1 - Population Centers

Table A-4.1 shows the population of the region which includes
the project area, and national figures. Population densities
in the area are well below those of the nation as a whole.
The population growth rate from 1968 to 1978 was signifi-
cantly above the national average. This reflects not only
high natural growth but also migration into the region.

Table A-4.2 presents data specific to the project area
itself, and shows that population density within the project
area is substantially lower still--only 20 persons per kmZ2,
The population is concentrated in the western part
(Polonnaruwa District), mostly associated with the
Pimburettewa Tank Scheme and numerous small tank schemes.

Population data for the project area were collected by MDB by
Grama Sevaka Division (GSD); these are the administrative
units in;o which each district is subdivided. The boundaries



TABLE A-4.1

POPULATION OF MADURU OYA REGIONI

(in thousands)

District

Trincomalee
Polonnaruwa
Batticaloa
Amparai
Total

Sri Lanka

Population
Maduru Oya
region as
percent of
Sri Lanka

Notes:

Increase 1968-78

1968 Density2 1978 Density? Number Percent
165 63 223 85 58 35
134 39 190 56 56 42
233 95 300 122 67 29
251 84 316 106 65 26
783 68 1 029 90 246 313
11 992 185 14 184 219 2 198 184
6.5 7.3

lMatale and Badulla districts not included due to their

Intermediate Zone orientation.
2persons per square km
3Corresponds to an annual growth rate of 2.8 percent
4Corresponds to an annual growth rate of 1.7 percent

Source: Department of Census and Statistics
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TABLE A-4.2

SYSTEM B POPULATION - 1979

: Number
District of Persons Percent Densitzl
Polonnaruwa2 20 930 81.3 28.8
Batticaloa3 4 255 16.5 7.8
Amparai 572 2.2 22.0
Totals 25 757 100.0 19.8

Notes:

lpersons per km2,

2population includes 6,780 persons in the Pimburettewa
Colonization Scheme who were not surveyed. It also includes
1,208 encroachers (275 families) in the Pimburettewa area

who were included ir the field survey. According to the MDB
survey the existing settlements in Yakkure (four villages)

are outside the project area. Air-photo interpretation,

(see Figure A-6) however, shows the location of two of these
villages - Ellawewa and Etapollangoda - to be within System B.
No adjustment to the MDB survey data has been made.

3This inclwrdes 175 persons in GSD 2l11A-Kayankerni, for
which no details were included in the survey report.

Source: MDB Socioeconomic Survey - System B (1979); densities
calculated based on following areas - Polonnaruwa
730 km2; Batticaloa 540 km2; Amparai 26 km2.
Total area - 1,300 kmZ2,
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and total population of the GSD's in the project area are
shown in Figure A-5, and the population data for villages are
presented in Table A-4.3. This table lists a total of 82
villages or areas of settlement. Forty-five of the larger
settlements are located on Figure A~6., Twenty-five percent
of the population is concentrated in nine of the villages.*
These villages are

Name of GSD

Village Number Population
Manampitiya 84 1,494
Katuwanwila 81 1,076
Kadawathamadu 82 775
Marawila 144 B 572
Horiwila 84 A 563
Karapola 83 505
Wallidda 83 ' 485
Mutugalla 81 454
Uthuchenai 210 a 402

6,326

The population data show that there are more males than
females in all GSD's within the area, with an average of 118
males per 100 females. The national average is 106 males for
every 100 females. The higher male/female ratio is probably
the result of recent migration into the area.

4.1.2 - Population Characteristics

The age distribution of the project area population (see
Table A-4.4) is "younger" than the national distribution.

*The Pimburettewa area, including encroachers, accounts for
about one~third of the project area population.
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VILLAGE POPULATIONS IN SYSTEM B 1979

G.S.

Division Grama Sevaka
Number Division
POLONNARUWA DISTRICT

80 Kandakadu

8l Mutugalla

82 Makuppe

83 Karapola

84 Manampitiya
84A Dimbulagala

Name of

Villages

Kandakadu
Rottuwa Viewa

Mutugalla
Alinchipotana
Katuwanwila

Kuruntandamana
Kumarapura
Welikanda
Suryoodaya
Singarakulam
Pulleyaradi
Kadawathamadu
Galmaduwa

Karapola
Wallidda
Hewampitiya
Kolakanaveli
Ginidamana
Borawewa
Galwewa
Mahawewa

Manampitiya
Bazaar

Manampitiya
Mahagantota

Maha Wewa Scheme

Dimbulagala
Millana
Horiwila
Puduveli
Getamune
Dalukana
Seelapura

Population
Male Female
84 64
49 46
a3 10
262 192
188 164
536 540
286 _896
78 56
84 87
88 61
44 41
51 40
24 21
422 353
31 20
B2 679
246 259
263 222
71 90
175 152
123 106
61 55
200 154
18 16

1 157 1 054
798 696

36 30
75 62
144 113
1 053 901
41 26
139 106
311 252
109 94
172 134
142 120
161 114

—B46

Total

148

454
352

505
485
161

229
116
354

1 494

66

137
257

;

67
245
563
203
306

275
4921
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Village Populations in System B 1979 = 2

G.S.

Division Grama Sevaka
Number Division
as Alawakumbura
asA Yakkure*

858 Aralaganwila
8s5¢c Dewagala

Subtotal Polonnaruwa District

BATTICALOA DISTRICT
209 Perillaveli
210 Vakaneri

Po ulation
Hale Female

Name of
Vi lages
Alawakumbura 49
Madurankulama 168
Damminna 34
Paranagama 18
Ulpothawewa 149
Wilayaya 222
Veheragala 12
Kandegama 25
Kanichchegala 131
Pimburettewa 24
Tracts 1 and 2
Aralaganwila -2
—8359
Pimbursttava 138
Tracts 3,4, and S
Kudawewa 111
Bimpokna 94
Kudaella 105
Bamunakotuwa 184
-—529
Pimburettewa 64
Tracts 6,7,
8 and 9
Katupitiya 56
Higuruwewa 92
Divuldamana 132
324
1,038
Perillaveli 25
Murutanai 79
Pallathuchenai 25
Miranakadawai 94
Taravavi 25
Kakilacholai 39
Akkuranai 18
Meeyankolla 112
Kudumpimalai 25
—td2
Vakaneri 103
Mulliwatawan 79
Kudanunaikal 25
Kulathumadu 107
Scodupathinasenai 69
Madurangani 61
Mylanthanai 109
Meeyankulam 29
Vahulavalai 26
Punanai 06
Kooladchenai 55
769

43
159
12
14
189
69
8
14

55

16

Total

7

264

208
174
193
3453
L1989

120

168

o
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Table A-4.3 (cont'd)

Village Populations in System B 1979 - 3

G.S.

Division Grama Sevaka
Number Division
210Aa Kallichchai
211 Makerni

212 Vakarai

Subtotal Batticaloa District

AMPARAI DISTRICT

144B Unuwaturabubula

Name of

Villages

Kallichchai
Wadamunne
Uthuchenai
HMeerandavil

Maturankernikulan 181

Kirimicchai
Madiyamadu

Oddamaddu

Marawila

Subtotal - Surveyed Villages in 3 districts -

Pimburettewa encroachers (MDB Survey)
Subtotal -~ Population surveyed by MDB

Additional Population

GSD 21l1A - Kayankerny - Alan Kulam Village

Pimburettewa Scheme

Grand Total - Project Area

Population
Male Female
178 143
206 135
181 221
122 62
687 561
129
24 43
20 15
225 187
105 84
2 228 1l 852
299 274
9 S04 8 030
629 579
10 193 8 609
90 85

* Accordigg to the MDB survey, the existing settlements in Yakkure
(four villages) are outside the project area.

interpretation (see Fig. A-6),
two of these villages - Ellawew
System B. No adjustment to the

Air photo
however, shows the location of
a and Etapollangoda - to be within
MDB survey data has been made.

Source: MDB Socioeconomic Survey - System B (1979) and
unpublished survey information compiled by
. Gunasekera. See also Figure A-5.

Total

321

(=]
o]
O

17 594
1 208
18 802
175

6 780

25 757

P§$\
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TABLE A-4.4

PROJECT AREA POPULATION
ACCORDING TO AGE GROUP - 1979

Age Male Female Total Percentage
Below 6 1 791 1 650 3 441 18.3
6 - 18 3 314 2 918 6 232 33.2
19 - 30 2 474 2 212 4 686 24.9
31 - 40 1 062 931 1 993 10.6
41 - 50 776 546 1 322 7.0
51 - 60 492 233 725 3.9
over 60 284 119 403 2.1
Totals 10 193 8 609 18 802* 100.0

Percent 54.2 45.8 100.0

*Excludes populations of GSD 85A-Yakkure, Pimburettewa Scheme
(6,780 persons as per Kachcheri), and GSD 211A - Kayankerny
(175 persons).

Source: MDB Socioeconomic Survey -~ System B (1979)
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Fewer péople (6 vs 12 percent) are over 50 yr of age, and
more people (87 vs 79 percent) are under 40. Over half of
the project area population is under 18; consequently the
provision of job opportunities within the project area for
these people will be an important planning consideration.
Table A-4.5 summarizes MDB data on families and households.
A total of 4,094 families living in 3,824 houses were
recorded by the survey. This makes for an average family
size of 4.6 persons and an average household size (number of

persons per dwelling) of 4.9.

If the populations of the Pimburettewa Scheme and GSD 211aA
are included, the total number of families in the System B
area is about 5,600 and the total number of houses is 5,240.

The birth, deach and natural increase rates in the region are
shown in Table A-4.6. Birth rates are generally higher and
death rates lower than the national figures, resulting in a
greater rate of natural increase. This is consistent with

the population data presented in Table A-4.1.

Table A-4.7 summarizes the ethnic and religious makeup of the

population which will be directly affected by the proposed
project.* The Sinhalese population is concentrated in that

portion of Polonnaruwa District lying to the south of the
railroad line, while the Tamil population predominates
elsewhere.

*The population 6f the major schemes will be affected only
indirectly.
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TABLE A-4.5

FAMILIES AND HOUSEHOLDS IN SYSTEM B - 1979

District
Polonnaruwa Batticaloa Amparai Total

Population 14 150 4 080 572 18 8021

Number of 3 108 876 110 4 0942
families

Average 4.6 4.7 5.2 ' 4.6
family size :

Number of 2 871 843 110 3 8242
houses

Average house- 4.9 4.8 5.2 4.9
hold size

Notes:

lThe population for which detailed data are available
excludes the registered population of the Pimburettewa
Scheme (6,780 persons) and the population at GSD 211a,
neither of which were surveyed by MDB.

2There are 270 families who do not have their own houses
and who live with other families.

Source: MDB Socioeconomic Survey - System B (1979)
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BEIRTH AND DEATH RATES*
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IN MADURU OYA REGION = 1977

Trincomalee
Polonnaruwa
Battiéaloa
Sri Lanka (1976)

Birth
Rate

39.6
32.1
35.0
28.0

*Number per 1,000 population

Source: Ministry of Health

Death
Rate

Rate of
Natural

Increase

34.4
26.3
26.0
2C.0

. afd
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TABLE A-4.7

ETHNIC ORIGIN AND RELIGION
OF FAMILIES IN THE PROJECT AREA

Percentages

District Project

Polonnaruwa Batticaloa Amparai Total Area National
Ethnic Origin
Sinhala 2 0221 22 110 2 154 52 72
Tamil 692 7202 - 1 412 34 20
Muslim 327 153 - 480 12 g3
Mixed 67 - _18 - 85 2 -
Total 3,108 913 110 4 131 100 100
Religion
Buddhist 2 osol 36 110 2 226 54 67
Hindu 688 7212 - 1 409 34 18
Muslim 327 153 - 480 12 7
Christian 13 3 - 16 - 8
Total 3 108 913 110 4 131 100 100
Notes:

lData for Polonnaruwa District exclude the registered population of
Pimburettewa Scheme - 6,780 persons at 4.6 per family = 1,474 families,
presumably all Sinhala and Buddhist,

2Data for Batticaloa District include the population of GSD 211A (RKayankerni)
175 persons at 4.7 per family = 37 families, Presumably all Tamil and Hindu.
3National figures include "others" with Muslim category.

Source: MDB Socio Economic Survey - System B (1979)

18
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Some 83 percent of the families surveyed reported agriculture
as their prime occupation. Of the 83 percent, less than half
are described as farm laborers (Table A-4.8). The overall
total is higher than the national average, and reflects the
rural nature of the project area. Just over 10 percent of
occupations can be considered to be nonfarm employment. The
figures do not indicate the extent of underemployment;
presumably the farm and farm labor sectors do not operate at
full capacity or full productivity, considering income levels

in the area.

Cash income data as summarized in Table A-4.9 show that

45 percent of the families earn less than Rs 2,000/yr, while
another 45 percent earn between Rs 2,000 and Rs 5,000. Nine
out of every 10 families earn a cash income of less than Rs
5,000. The average annual cash family income is about Rs
2,800 or Rs 600 per capita. The total area income (excluding
Pimburettewa) is estimated to be Rs 12 million/yr.

Agricultural laborers are reported to earn between Rs 8 and
Rs 10,42y (March, 1979)*. During paddy harvesting periods,
farm labor migrates to the more developed parts of
Polonnaruwa District, where they can earn higher wages.

Most families in the project area receive governmént food
stamps to supplement their income. The value of the food
stamps ranges between Rs 15 and Rs 25/person/month, depending
on age. Details of the stamp scheme are contained in

Appendix II.

4.1.3 - Land Ownership
and Tenure

Most of the lands in the project area are owned by the
Government of Sri Lanka. However, some of these lands have

*In Yala 1980 the wage rate for daily workers was in the . (7}9
order of Rs 15. )
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TABLE A-4.8

OCCUPATIONS OF FAMILIES
IN THE PROJECT AREA

Polonnaruwa Batticaloa Amparai Total Percent

Farming 1 581 463 97 2 141 52.3
Farm Labor 909 320 7 1 236 30.2
Government 180 22 - 202 4.9
Service
Cooperatives 33 3 1 37 0.9
Selfemployed 21 3 - 24 0.6
Business 121 34 1 156 3.8
Unemployed 110 23 1 134 3.3
Unclassified 153 _8 _3 164 4.0
Totals 3 108 876 110 4 094 100.0

Source: MDB Socioeconomic Survey - System B (1979)



55

TABLE A-4.9

FAMILY INCOMES IN SYSTEM B

Annual (1979)

Cash Income Families Percent
(Rs)

Less than 1,200 751 18.3

1,200 - 2,000 1l 118 27 .4

2,001 - 3,000 954 23.3

3,001 - 4,000 537 13.1

4,001 - 5,000 291 7.1

5,001 - 6,000 144 3.5

More than 6,000 299 7.3

Totals 4 094 100.C

Note: Current data on national incomes are not available

for comparison.

Source: MDB Socioeconomic Survey - System B (1979)
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been encroached upon over time by farm families seeking lands
to cultivate, either in rainfed paddy or chena crops.
Encroachment on government land has in some cases been
regqularized after the fact, by giving the encroachers a lease
to occupy and farm the lands under the Land Development
Ordinance (LDO) of 1935. In other cases, encroachment has
been condoned in that no actions have been taken to move the
encroachers, realizing that they were in need of a place to
live and farm.

Some encroachers have been in the area for decades, while
substantial numbers have come recently.

Encroaching, unlike urban squatting*, is an activity that in
effect is spontaneous settlement--a family takes possession
of a piece of land on which it hopes to make a living. Under
the Mahaweli Scheme, settlement will be more organized and
will bring greater rewards to the settlers from irrigated
agricultural production. The MDB Socioeconomic Survey of
System B has recorded the following situation for families
living in the project area.

Legitimate land holders 1,148 28 percent
Encroachers 2,736 67 percent
Landless families 210 S percent
Total number of families 4,094 100 percent

(excluding Pimburettewa)

*which often takes place on private lands.

>
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Legitimate Residents
of Projest Area

The legitimate landowners and occupiers consist of free-
holders, food production permit holders and some regularized
encroachers. The free holders are few; rostly they own
"praveni" (ancestral) lands in purana (traditional) villages.

The total extent of freehold land is 143 ha of paddy land
and 59 ha of highland. The size of these holdings varies
from 0.2 to 2 ha. The largest group of legitimate land
occupiers consists of those who have been given permits to
lands under the LDO of 1935, and those who cbtained leased
land under the Crown Lands Ordinance (CLO). Including the
freeholders, the legitimate land occupiers have

Paddy lands - 1,001 ha at an average of 1.3 ha/holding
Highlands - 603 ha at an average of 0.6 ha/holding

Total 1,604 ha

There are more parcels of highland (1,075) than of paddy

land (779), although the average paddy holding is more than
double the size of a highland holding. Most owners, however,
have both highland and paddy land, considering that all of
the above lands are held by only 1,148 families. There are
only 126 families with individual holdings which exceed 2 ha.

The legitimately held lands (1,600 ha or 4,000 acres) are
scattered throughout the project area; there are seven Grama
Sevaka divisions in which the extent of legitimate land
holdings exceeds 40 ha for either highlands or paddy, as
shown in Table A-4.10. The legitimate land holdings

.

o
/
W

o



TABLE A-4.10

LEGITIMATE LAND OWNERSHIP

IN THE PROJECT AREA

58

Highlands Paddy

No. of Total No. of Total
GS Division owners Land Owners Land

(ha) (ha)
81 Mutugalla 204 100 109 | 149
83 Karapola 226 140 172 182
84 Manampitiya 171 87 57 48
84A Dimbulagala 125 72 59 44
209 Perillaveli 52 33 57 104
210 Vvakaneri 59 31 98 201
210A Kallichchai 112 56 112 143
Other GS 126 84 115 130
divisions

Totals 1l 075 603 779 1l 001

Source: MDB Socioeconomic Survey - System B (1979)
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(1,600 ha) account for less than 5 percent of the total lands
that are to be developed for agricultural production in
System B. The disruption to legitimate land holdings and
owners can be kept to a minimum, considering that most of
these lands are irrigated from existing small tanks that will
continue to function with supplemented water supplies.

Absentee Landowners

The above paragraphs have described the situation with res-
pect to legitimate owners and occupiers of land who reside on
their land within the project area. However, an additional
large area of land has been alienated under the LDO and in
addition some permits have been issued under the CLO to
persons not currently residing in the project area. Under a
previous government's food production drive, individuals as
well as groups of applicants were leased land for culti-
vation. They were given the task of renovating abandoned
small tanks and developing adjacent lands. Leased areas
ranged from 2 to 20 ha. Many have discontinued cultivation.

According to official sources, 2,285 families living out-
side the project area hold government leases on lands
exceeding 2 ha. Since these families were not covered by the
MDB survey, little is known about their characteristics, the
extent to which they utilize their leased land, and the
extent of their holdings elsewhere. Neither is it known what
the precise total extent of nonresident leased land is within
the project boundaries. The MDB survey indicates that the
total Crown land disposed of by the Crown (LDO and CLO) is
6,140 ha of paddy land and 58 ha of highland. However, the
statistics also suggest that a number of Batticaloa District
leases relate to lands in the Punanai and Vakaneri Schemes,
which were excluded from the MDB survey (see Table A-4.11).
Because of the flooding of the Madura Oya, settlement is

r
ll,t



TABLE A-4.11

LANDS ALLOCATED UNDER

60

THE LAND DEVELOPMENT ORDINANCE1

District

Polonnaruwa
Pimburettewa Scheme?l
Batticaloa3

Totals

Notes:

Highlands Paddy Lands

No. of No. of

Parcels Area Parcels Area
(ha) (ha)

1l 027 460 1 224 717
(1 150) (1 725)

401 120 1 549 4 965
1l 428 580 2 773 5 682

lpoes not include lands allocated under the Crown Lands

Ordinance

2The Pimburettewa Scheme contains 1,464 parcels which are
likely to include both highlands and paddy.

3L§nds listed under Batticaloa District include some lands

within the Punanai and Vakaneri Schemes.

Source: MDB Socioeconomic Survey - System B (1979)
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impractical for many holders of floodplain lands, and they
prefer to live outside the project area, mostly in the

coastal area.

As pointed out in the MDB survey document, a major problem in
the settlement program will be the treatment of absentee
leaseholders. It would not be in the best interest of the
agricultural objectives of the project to continue the
practice of absentee ownership on a large scale. At the same
time, it is not certain whether leaseholders can be required
to take up residence in the area. '

Encroachers

The number of encroachments which have taken place up to
March 1979 within the project area is recorded by the MDB
survey to be 2,736. Of this number, 685 families (25 per-
cent) arrived in the 3 yr preceding the survey (see Table
A-4.12). The increasing encroachment activity can be
attributed in part to the publicity surrounding the

Accelerated Mahaweli Programme.

Most encroachers occupy less than 2 ha. Preferred locations
for this spontaneous settlement are along the main roads,
especially the road from Manampitiya to the Maduru Oya
damsite, the vicinity of the Maduru Oya, and around the
Pimburettewa Scheme.

In many cases, the encroachers are relatives of legitimate
landholders and farm laborers who settle in the hope of being
allocated "Mahaweli land". Their enterprise is commendable
considering the years of subsistence farming they will have
to carry out before the proposed project becomes operational.
In the meantime, encroachers can augment the area's construc-
tion labor force. It has been suggested that the announce-
ment of a "cut-off" date by the Government might reduce the
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TABLE A-4.12

ENCROACHMENT IN THE PROJECT AREA

Number of Families

District 1976 1977 1978
84A Dimbulagala 23 14 37
85 Alawakumbura 25 18 13
85B Aralaganwila 21 22 17
Pimburettewa 19 13 15
210 Vakaneri 18 29 28
210A Kallichchai 14 48 30
Other GSD's _74 _64 99
Totals 194 208 239

Note: 44 families encroached in the first 3 months of 1979.

Source: MDB Socioeconomic Survey - System B (1979)
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inflow of encroachers--those that settled in the area before
a certain date would receive serious consideration for
legitimate settlement, while those who settle after that date
would not. ‘

Consideration should be given at the policy level to the
expected net effect on the project of the present influx of
encroachers, in terms of the project's implementation and
ultimate objectives. Considering the large number of settler
families that must be attracted to the area, the present
amount of voluntary settlement by encroachers may be consis-
tent with the settlement policies that in time will be worked
out for the project, provided that encroachers are willing to
relocate within the area if required.

"Ande "
Ande cultivation refers to the practice of either

~ subleasing one's leased land to a farmer; in return the
owner will receive a proportion of the agricultural
production, or

- agreeing to share in some form the agricultural production
with the supplier of one's farm inputs (i.e. fertilizer,
tractor, seed, credit).

The practice as far as government leased land is concerned is
illegal. Although it is prevalent in' some parts of the
country, this is not the case in the project area, with the
exception of the Pimburettewa Scheme where some Ande is
taking place.
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4,2 - Communications and Access

Access to the project area region is possible by road, rail,
air and sea. Access to the project area itself, however,

is only possible by road and rail. Postal and telephone
service is available at regional centers and to a limited
extent in the project area.

4.2.1 - Roads

The principal roads of the region are shown in Figure A-2.
Roads designated "A" are major national roads, while those
designated "B" are regional roads. Table A-4.13 summarizes
recent traffic counts, which indicate the magnitude of road
use throughout the region. The figures illustrate the role
of High&ay A-11, which traverses the project area, as an
access route to the east coast. Most of the traffic on

the road does not stop in the project area.

The principal point of entry into the project area is via
Highway A-11, which crosses the Mahaweli on a bridge shared
with the railway. This highway* and an all-weather road
which runs south from Manampitiya to the Pimburettewa Scheme
are the major roads which are the responsibility of the
Department of Highways (see Figure A-6). The condition of
the Highways Department roads is generally poorer than that
of roads elsewhere in the country, reflecting the modest
traffic volumes and low maintenance priority. Travel time by

*Where it crosses the floodplain, this highway is subject to
closure due to floods in the Maha (see Section 2.6.1).
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TABL

E A-4.13

HIGHWAY TRAFFIC VOLUMES
IN THE MADURU OYA REGION

Name

of Road

A-5
A-6
A-6
A-9
A-9
A-6
A-11
A-11
A-11
A-11
A-11
A-12
A-12

B-38
B-46

Badulla-Chenkaladi R4
Habarana-Dambulla Rd
Trincomalee-Kanatalai Rd
Kandy-Jaffna R4
Kandy-Jaffna R4
and A-9 Kandy-Jaffna R4
Habarana-Polonnaruwa Rd
Habarana-Anuradhapura R4
Habarana-Poloniharuwa Rd
Habarana-Valaichchenai Rd
Habarana-Valaichchenai Rd
Trincomalee-Anuradhapura Rd

Puttalam-Trincomalee Ra
(Prana Medawachchiya)

Kandy-Weragantota R4
Bibile-Aluthnuwara Rd

*Representative of traffic volume on shared road/railroad bridge.

Source: Department of Highways

Location

140th mile Padiyatalawa
106th mile Habarana
136th mile Kantalai

30th
65th
93rd
l6th
14th
40th
53rd
70th
82nd

mile Nalanda

mile : aradankadawela
and 46th mile Dambulla
mile Habarana

mile Habarana

mile Polonnaruwa

mile Manampitiya

mile Welikanda

mile Horawapothana

100th mile

43rd
15th

mile Pallewatta

mile Andaulpota

Year

1979
1978
1978
1979
1979
1978
197¢
197¢
1979
1979
1979
1978

1979

1979
1979

Average Daily
Traffic Flow
(bothh directions)

486
800
378
1 462
398
1 433
613
186
1 280
753%
648
170
170

729
243

59
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jeep from Manampitiya to Colombo is about 5 hours. Other
roads in the project area are indicated in Figure A-6. Many
of these roads are maintained by the Irrigation Department.
Generally, road access to the existing villages on the
Mahaweli floodplain is adequate, via all-weather roads which
are in reasonable condition. Access to parts of the Left
Bank and most of the Right Bank is difficult, with jeep
access only reliable during the dry season. One all-weather
road traverses the Right Bank area, reaching a point opposite
Welikanda. The ford across the Maduru Oya at this location
is only passable in the dry season.

Limited public bus service is available in the project area.
Basic service is available via the Polonnaruwa-Batticaloa
run, but the frequency of service was reported by MDB to be
inadequate. Private van services operate sporadically to
"augment to some extent the poor transport service in the
area".l A twice daily bus service from Polonnaruwa to the
Maduru Oya damsite is of importance to transient workers and
Pimburettewa settlers.

4,2.2 - Railroads

The main line of the Ceylon Government Railroad's Colombo-
Batticaloa line traverses the project area from west to east,
in parallel with Highway A-11. There are 4 stations in the
project area, at Manampitiya, Welikanda, Punanai and
Vakaneri. Slow passenger trains will also stop at a halting
place at Kolakanaweli. Freight facilities and sidings at

the above stations are underdeveloped but those at
Manampitiya and Welikanda are being upgraded in anticipation
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of the increased traffic to be expected from the project.
Service is’ provided by two Colombo~Batticaloa passencer
trains and by one or two slow freight trains per day. The
6:00 a.m. train from Colombo arrives at Manampitiya in the
early afternoon.

4.2-3 - Air

While it is possible to land a helicopter at many locations
within the project area, the only government-operated air-
fields are located outside. Figure A-2 shows the locations
of four airfields which are reasonably close, while Table
A-4.14 sumarizes the facilities available at each. The
airfield at Hingurakgoda is the most convenient to the
project area, and offers a relatively long (2,000 m) runway
and refueling facilities.

4.2.4 -~ Sea

The natural harbor at Trincomalee is located close to the
project area. However, it is underutilized due to its
inadequate docking facilities and its location away from the
country's population and activity centers. With the develop-

ment of the Mahaweli Scheme, the importance of the
Trincomalee harbor will increase.

4.2.5 - Post and Telecommunications

There are four sub post offices in the project area which
have limited delivery services. These are located at
Manampitiya, Welikanda, Aralaganwila and Mutugalla.
Villagers normally go to the sub post office or some
preselected drop-off point to collect their mail.
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TABLE A-4.14

AIRFIELDS IN THE MADURU OYA REGION

Name Runway Authority

Hingurakgoda 2,000 x 46 m Department of Civil
bitumen + Aviation (DCA), day

only

Batticaloa 1,070 x 46 m " DCA, day only
bitumen

Gal Oya/Amparai 1,100 x 46 m DC2, day only
bitumen

Trincomalee 2,150 x 46 m Sri Lanka Air Force;

(China Bay) bitumen Portable lighting

equipment on request

Source: DCA Aerodrome Directory 1975



69

Telephone service is only available along the main road/rail-
road, and is associated with post offices and a few govern-~
ment offices. Better service, including fairly reliable
trunk service to other points on the island, is available at
Polonnaruwa and at Valaichchenai/RKalkudah, to the west and
east respectively.

4.3 - Infrastructure

The village statistics presented in Section 4.1 indicate that
the residents of the project area live in some 80 villages or
settlements which vary in population from about 20 (really a
small group of houses) to over 1,500 (Manampitiya). The
quality of housing in these settlements is low, and the level
of services provided is also low. Only Manampitiya and
Aralaganwila can be considered to have reasonably complete
services available,.

The MDB Socioeconoric Survey shows a total of 3,824 housing
units in the project area (outside Pimburettewa Scheme), with
an average of 4.9 occupants per dwelling (see Table A-4.5).
Figure A-6 shows the location of major settlements and the
number of dwellings in groups of five or more which were
counted from air photos. The latter should be taken as
indicative of major concentrations only, since some houses
surveyed by MDB could not be counted.

Most of the houses surveyed by MDB (95 percent or 3,624) can
be classed as semipermanent or temporary huts. Most are
built of wattle and daub*, with a cadjan or straw roof. The

struction and presents suggestions for improvements in

*Appendix III contains a description of this type of con- 'n%
1
simple rural house construction techniques. 7
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few permanent houses are generally built with brick or rubble
walls, with roofing of tiles or galvanized steel or asbestos

sheeting. Most houses (93 percent) do not have pit latrines,
and only 8 percent of the houses have wells of some type.

These are hand dug, usually unprotected wells, and are
typically 1.5 to 2 m in diameter and 2 to 5 m deep. Families
which have neither a well nor access to one obtain their
water from nearby tanks or streams. '

The cyclone of November 1978 caused considerable damage to
houses within the project area. Most commonly, the roofs
were blown away, although there were instances of fallen
trees causing damage to the walls and interiors as well.
Affected families received assistance from the Government and
relief organizations to repair their homes.

4,3.2 - Schools

A total of 32 schools, all but one of which are junior
‘.schools, are located in the project area (see Figure A-6 and
Table A-4.15). oOnly the schools associated with the
Fimburettewa Scheme have more than 100 students, and some of
the schools have fewer than 50. While the overall number and
location of schools relative to the. school age population
appears to be adequate, the schools suffer from poor atten-
dance and a lack of teachers. The former is partly attribut-
able to the scattered nature of the settlements and
associated travel distances for the students, while the
latter is largely due to a lack of accommodation for teachers
from outside the project area.



TABLE A-4.15
SCHOOLS IN THE PROJECT AREA

Grama Sevaka

‘District Division

Polonnaruwa Kandakadu

Mutugalla

Makuppe

Karapola

Manampitiya

_Dimbulagala

Alawakumbura

Batticaloa Perillaveli

Vakaneri

Kalichchai
Vakarai
Kayankerni

Amparai Unuwaturabubula

Total Number of Schools -~
Polonnaruwa District - Sinhala
- Tamil
Total
Batticaloa District - Sinhala
Tamil

Total

Amparai District = Sinhala
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Village

Kandakadu
Rottuwa Wewa
Mutugalla
Katuwanwila
Alinchipotana
Welikanda
Kadawathamadu
Karapola
Hewampitiya
Ginidamana
Borawewa
Borawewa
Manampitiya
Manampitiya

Maha Wewa Scheme

Dimbulagala
Horiwila
Dalukana
Al awakumbura
Wilayaya
Aralaganwila

Pallathuchenai
Meeyankolla
Vakaneri
Meeyankul am
Punanai
Punanai
Mulliwatawan
Wadamunne
Oddamaddu
Alan Kulam

Marawila

21

W
LS [

School
Iype

Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Maha Vidy.laya
Jur or

Juﬁior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior
Junior

Junior

Instruction

Medium

Tamil
Tamil
Tamil
Tamil
Tamil
Sinhala
Sinhala
Tamil
Tamil
Sinhala
Sinhala
Tamil
Sinhala
Tamil
Sinhala
Sinhala
Tamil
Sinhala
Sinhala
Sinhala
Sinhala

Tamil
Tamil
Tamil
Tamil
Tamil
Sinhala
Tamil
Tamil
Tamil
Tamil

Sinhala
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4.3.3 - Health Facilities3

There is one rural hospital at Aralaganwila (24 beds) and a
maternity home at Manampitiya (12 beds) ' serve the entire
project area. Nearby, there is a base hospital at
Polonnaruwa (184 beds) and peripheral units at Vakarai

(24 beds) and Valaichchenai (52 beds). The nearest general
hospital is located at Batticaloa. Four central dispensaries
are located within the project area at Aralaganwila,
Manampitiya, Mutugalla and Kandakadu.

In spite of the low level of medical services in the project
area proper, data for the three Superintendent of Health
Services Divisions into which System B falls (Table A-4.16)
indicate that the overall number of hospital beds per capita
is not far below the national average. Infant mortality
statistics for districts in the region (Table aA-4.17) are
below or near the national average.

Table A-4.18 summarizes hospital admission statistics for
the two hospitals closest to the project area--the base
hospital at Polonnaruwa and the peripheral unit at Valaich-
chenai. Malaria consistently accounts for about 20 percent

of admissions - more than three times the national average.
Malaria and intestinal disorders related to water supplies

and waste disposal are the most important health problems
in the project area.

4.3.4 ~ Agricultural Support
Infrastructure

Support facilities provided by the Government are oriented
to paddy and milk production. Paddy Marketing Board (EMB)
stores located at Manampitiya and in the Pimburettewa Scheme
handle much of the production of the Polonnaruwa District,
while the output of the Batticaloa District is channelled
eastwards, mainly to private traders.



TABLE A-4.16

HOSPITAL BEDS

Superintendent of
Health Services Division

Batticaloa
Badulla
Matale
Sri l.anka

Note: SHS Divisions Batticaloa and Matale cover most of

the System B area.

Source: Ministry of Health

TABLE A-4.17

INFANT MORTALITY RATE*
BY DISTRICTS 1976

District

Polonnaruwa
Batticaloa
Amparai
Trincomalee
Badulla

Matale

Sri Lanka (1974)

*pPer 1,000 live births.

Source: Ministry of Health

Beds per
1,000 Population

2.17
2.37
2.72
2.63

/6\0
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TABLE A-4,.18

CAUSES OF HOSPITALIZATION 1977

Valaichchenai

Polonnaruwa Peripheral

Base Hospital Unit National

(184 beds) Percent (52 beds) Percent Percentages
Respiratory 2 168 13.5 212 4,7 14.2
Accidents 1l 623 . 10.1 1l 374 30.4 10.7
Deliveries 1 629 10.1 754 16.7 11.2
Intestinal 1 886 11.8 160 3.5 9.7

Disorders

Malaria 2 988 18.6 973 21.5 5.9
Other 5 775 35.9 1l 054 23.2 48.3
Totals 16 069 100.0 4 527 100.0 100.0

Source: Ministry of Health
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Cooperatives, which are mainly developed in Polonnaruwa
District, are engaged in the purchase of paddy from farmers,
as agents of the PMB. MDB estimates that, overall, two-
thirds of the present production in the project area is
purchased by the cooperatives, with the balance purchased

by PMB authorized dealers and private traders.* ‘Cooperatives
also distribute food stamp rice and consumer goods, sell
fertilizers, and administer Cultivation Loans.

Milk collection is organized by the Milk Board at Collecting
Centers at Manampitiya, Mutugalla (Polonnaruwa District) and
at Chittandi (Batticaloa District). Milk collecting co-
operatives organize milk collection at seven locations in
Polonnaruwa District, while collection is mainly in the hands
of private traders in Batticaloa District. Most of the milk
is transported to the condensed milk factory at Polonnaruwa,
with the balance being consumed fresh in nearby villages.

4.3.5 - Electrical Service

A 33-kV power transmission line traverses the project area,
in parallel with the railroad and Highway A-1ll. Domestic
service is confined to this corridor at the present time,
with Manampitiya, Welikanda and Valaichchenai (just to the
east of the project area) the only settlements with signifi-
cant electrification.

*Further research carried out by the consultants in May 1980
indicates that an increasing proportion of paddy is being
purchased by Mudalalila (private traders) from Batticaloa.

=

A
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APPENDIX I

PREVIOUS STUDIES OF THE MADURU OYA PROJECT

The idea of large scale irrigation in the Maduru Oya basin
has been considered for centuries, as evidenced by the stub
of an ancient dam at the present Maduru Oya damsite.

The FAO studies of the late 1960's, which culminated in 1968
in a comprehensive set of reports and Master Plan for the

- Mahaweli Scheme, constituted the first detailed assessment
of the potential of the basin with its water supply
-augmented by diversion from the Mahaweli. These studies,
which were conducted at a reconnaissance level, involved the
following basic components specific to the project area,

known as "System B", ‘

- A reconnaissance-level soils map, which formed the basis
for the estimation of lands of various categories which
are available for irrigation.

- Irrigation system layouts (unpublished) based on the

above plus existing 1:31 680 (20-ft contour) topographic
maps.

- System operation studies, incorporating relevant elements
of the main stem system, to allow sizing of the principal
components of the Maduru Oya project.

- Cost studies and economic analyses based on the above.

In 1977, with the decision by the new government of Sri Lanka

to accelerate the implementation of the Mahaweli Scheme, the
Maduru Oya project took on new importance and more detailed

,77\{‘{
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studies began. These were undertaken almost simultaneously
by the Dutch firm of NEDECO and the Sri Lanka government-run
Central Engineering Consultancy Bureau (CECB). NEDECO's
studies covered all of the component projects of the Mahaweli
Scheme, with emphasis on the projects selected for early
development, known as the Accelerated Mahaweli Scheme.

The data base was essentially unchanged from that developed
for the FAO studies, and studies were conducted to evaluate
the physical interaction among the projects, reassess the
sizing of major system components, perform economic analyses,
and conduct studies on feasible implementation rates.

Studies carried out by CECB focused on the headworks for the
proposed project--the tunnel which is needed to divert water
from the Mahaweli basin and the dam and associated power-
houses. By late 1978, the studies had been carried into the
feasibility stage, with reconnaissance-level assessments of
agricultural benefits, again based on FAO data. In November
1978, the government decided to proceed directly to the
Tender Document stage for the tunnel and the dam. Acres was
assigned responsibility for the preparation of Tender
Documents for the tunnel, while CECB proceeded with their
work on the dam. In February 1979, draft Tender Documents
were presented to a CIDA-appointed Engineering Review Board.
At this point three types of dams were under consideration=--
earth f£fill, rock fill and concrete gravity. The decision was
made to drop the earth-fill alternative from further
consideration, and to issue Tender Documents for both the
rock-fill and concrete alternatives. The finalized documents
were issued in August 1979, and bids were received in late

November.

The following table summarizes the key elements of the
project, as derived during the above studies.
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FAQ NEDECOl  CECB2
Minipe Right Bank Canal
Capacity (m3/s) 28.3 61 62
Means of Diversion Tunnel Tunnel Tunnel
Diversion Capacity (m3/s) 24 24 34
Reservoir Full Supply Level (m) - 97.5 97.5 95,53
Live Storage Capacity (106m3) 344 429 467
Irrigated Area (ha) 44 000 50 500 50 000

Notes:

l - As of late 1978 - In March 1979, NEDECO
suggested that a canal diversion alternative be

assessed, but by then the preparation of Tender
Documents for the tunnel had progressed so far as
to make this impractical. |

2 - As of February 1979.

3 - Earlier CECB and NEDECO studies set the.FSL at
97.5 m but new reservoir bed surveys indicated that
the dam could be lowered by 2.0 m with no loss of
live storage.

The conclusions of these studies, along with Acres' Terms of
Reference, defined the starting point and framework for the
execution of the feasibility study of the Maduru Oya

project.
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APPENDIX II

FOOD STAMPS AND WORLD FOOD AID¥*

l - Origin

Distribution of food under a rationing scheme was first
started in Berlin, Germany in 1914 to distribute bread under
a "Bread Cards System". There was a shortage of sugar in
England in 1917 and sugar was distributed under a rationing
scheme.

A general shortage of food was experienced throughout the
world during World War II and Sri Lanka too was affected by
this. A committee, led by the then food commissioner Mr.
R.S.D. Polier, recommended that essential and basic food
items should be distributed under a rationing scheme.
Accordingly, the distribution of rice under ration books was
started on February 2, 1942 in Sri Lanka, for the first time.
These ration books were issued to all the people in the
country. In the first instance about 4 million ration books
were printed.

The rice ration book scheme which was introduced in 1942
remained until September 1, 1979. On that date the £food
stamp scheme was introduced; it replaced the rice ration
books.

*This appendix was prepared by L. Gunasekera in October 1979.

e



2 - The Food Stamp Scheme

Conditions for Receiving

Food Stamps

82

All families earning a gross monthly income of Rs 300 or less

are eligible for food stamps.

However, this income varies

depending on the number of members in the family (see Table 1).

Value of Food Stamps

According to Age

Age groups

Children below 8 yr

Children over 8 yr
and below 12 yr

Those over 12 yr

What a Family Can
Get for Food Stamps

- rice
- bread

- dhall (Lanka parippu)

- paddy
- sugar

Value of Food
Stamps per month

Rs 25.00 each

Rs 20.00 each
Rs 15.00 each

- milk powder (Lakspray, Vita-milk)

- flour
- dry fish

- condensed milk (Parakum)

4)\\‘\"



TABLE 1

QUALIFICATIONS FOR
RECEIVING FOOD STAMPS

Number of Persons in Household 5 6 7 8

Persons Qualifying for

Annual Income of Household Receiving Food Stamps

(Rs)

Below 3,600 Up to 5 6 7 8
3,601 to 4,320 No 1l 2 3
4,321 to 5,040 No No 1 2
5,041 to 5,760 No No No 1
5,761 to 6,480 No No No No
6,481 to 7,200 No No No No
7,201 to 7,920 No No No No
7,921 to 8,640 No No No No
8,641 to 9,000 No No No No

10
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No
No
No

11
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No
No

12

No
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There is a separate set of stamps for kerosene. If one
wishes, kerosene stamps can be used to obtain other items
mentioned above, but food stamps cannot be used to obtain
kerosene.

Food items and kerosene under the stamp scheme are valued
at subsidized prices. Thus, the food stamp holders get a
double subsidy, i.e. free goods at subsidized prices, not

open market prices.

Stamps not redeemed can be placed as cash in savings

accounts.

Total Number of
Persons Benefitting

At present about 7 million people out of 7.5 million who
had rice ration books before September 1, 1979 receive
food stamps. The food commissioner is taking action to
issue food stamps to the remaining half million also.
Accordingly, 7.5 million people will benefit from the
food stamp scheme. This is about half of the total
population of Sri Lanka.

3 = World Food Aid to
Mahaweli Settlers

A Mahaweli settler receives World Food Aid for 15 months
from the date that he is given land. This is the situation
in System H which would hopefully continue in System B. The
Mahaweli Authority has to make a request for food aid in
System B to the World Food Programme of the FAO.
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The amount of food aid varies according to the number of

dependents in the familty (see Table 2). & family with five

members (father, mother and three children, aged 13, 10 and

7) would receive the following quantities of food under the
aid program. 1In terms of current market value, the aid is

| the equivalent of Rs 220/month.

World Food Aid for
a Family of Five

Quantity Retail Value
Per Person Quantity Price of Food
Per Day Per Month Per 1lb Aid
g 1b oz Rs Cts Rs Cts
Flour 300 98 07 1.30 127 86
Pulses (dhall 25 08 02 . 4,00 32 50
etc)
Dry fish or 20 06 04 8.00 50 00
or canned fish
Sugar 10 03 02 3.00 9 37
Total Value 219 83

World Food Aid is given for 15 months. Therefore, the
typical Mahaweli family would receive World Food Aid to a
total value of Rs 3,300. This aid is intended as subsistence

allowance until the settlers develop their land. It is
expected that the settlers would spend their working time on
the development of their land.

4 - Food Stamps to
Mahaweli Settlers

The total value of food stamps that the above family would
receive per month is as follows, provided the monthly income
is less than Rs 300.



TABLE 2

WORLD FOOD AID PROGRAM

Item

Per Person
Per Month

1l person
2 persons
3 persons
4 persons
5 persons
(maximum)

Per Person
Per Day

86

Dry Fish or

Flour Pulses Tin Fish Sugar

ib oz ib oz ib oz ib oz
19 11 01 10 0l 04 - 10
39 06 03 04 02 08 01 04
59 01 04 14 03 12 01 14
78 12 06 08 05 00 02 08
98 07 08 02 06 04 03 02
300 g 25 g 20 g 10 g
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Child - 7 yr of age = Rs 25.00
Child - 10 yr of age = Rs 20.00
Three persons over 12 yr of age = Rs 45.00

Rs 90.00
Value of kerosene stamps = Rs 9.50
Total value of food stamps Rs 99.50

Combining food stamps and World Food Aid, the typical
Mahaweli family would get aid valued at about Rs 320/month
for the first 15 months. Thereafter the family would
continue to qualify for food stamps, if the Rs 300/month
income level is not exceeded.
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APPENDIX III

RURAL HOUSING IN SRI LANKA*

In the rural areas, the quality of housing of low income
households is poor. - The "wattle and daub" house is the
simplest housing type which offers shelter to rural house-
holds with low incomes. This type of house is not a perma=-
nent structure because the thatched roof needs replacement
every year and the mud walls need occasional replastering.

- The timber framework used either partially or totally buried
in the wall is subjected to attack of dry rot and termite.
The rot first starts at the bottom of the posts and gradually
spreads to the top. If these houses could be built of more
durable materials, then the rural low-cost housing problem
could be solved to a great extent. One of the ways of
improving these houses is by the introduction of earth
walling, without the use of a timber frame. "Rammed earth"
construction could be encouraged in rural areas and the
technigues could be taught to rural folk through the village
community center, priest or headman. This is an inexpensive
and sound method of small-house construction. Moist earth is
rammed between boards or planks laid on both sides of the
wall. The success of this construction lies in quick and
hard beating of the earth in molds. It is necessary to
protect this type of wall from rainwater dropping from eaves,
or streams of rainwater scouring the bottom. It is better to
use brick or stone in lime mortar up to the plinth. This
will ensure a dry bottom for the earth wall in addition to
increasing its strength and durability.

*From "Housing in Sri Lanka", Marga Institute, Colombo 1976
(pp 234 to 236).
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Stabilized earth construction is another method which could
be used in rural house building. This type of construction
can compete with the conventional building materials like
stone and brick. It is cheap and most suitable fér low=cost
housing in rural areas since different types of earth found
in different parts of the country can be used for earth
walling. 1In a tropical country where there is bright sun-
shine, stabilized earth is a good building material. The
techniques are so simple that ordinary rural folk without any
special training can build their houses themselves and build
them quite economically.

Soil stabilization is that process where the natural soil is
mixed with a stabilizing agent in certain proportions. This
would render it more suitable as a construction material
like burnt brick or stone. The addition of the stabilizing
agent or binding material not only enhances the properties
of the soil but imparts to it other valuable properties.

The stabilizing agents that could be used are

- cement

- asphalt, bitumen or pitch

- lime

- molasses

- silicates of sodium or calcium.

Of these, cement, though relatively costly, is the most
suitable material as it is easily available. It is easy to
mix cement with soil, and it gives good strength. Other
materials like bitumen, molasses, and silicates cannot be
mixed well except in a mechanical mixer, and would therefore
be costly. |

Earth wall construction could be encouraged in rural areas if
brick or block making machines are made available to builders
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through village welfare societies or cooperative societies.
Well-designated simple machines could be operated by
unskilled hands. Simple machines, like the "Sinwa-Ram" could
be locally designed and manufactured. Such a machine should _
conform to the following principles.

It should be light and portable on wheels, preferably made
of steel plates joined by bolts and nuts.

- There should be two rigid plates or either wood, cast iron
or steel, one at the top and the other at the bottom, of
the exact length and width of the mold on the inside, so
that they will just f£it into the mold.

- The arrangement for applying pressure at the center of the
mold from the top should be made by means of a long lever
which presses down.

- There should be an arrangement of another lever at the
bottom of the mold, which when cranked or pressed should
lift the molded block together with the bottom and top
plates, Jjust above the top of the mold, so that the block
can be removed by hand, and kept slightly inclined in a row
on edge and the plates used again for molding the new
block. |

In rural housing the roof is often the most expensive item
of construction, whether it is a thatched roof or tiled
roof or a roof of sheeting.

Research is in progress on the feasibility of using locally
made half-round tiles without elaborate roofing frames made
of sawn timber. Such frames add so much to the cost of
roofing that it is beyond the reach of most rural households.
The technical feasibility of the use of paddy straw, which is

25
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available freely and in abundance in rural areas as a roofing
component is under investigation.

It has been suggested by researchers on low-cost building

techniques that roof-frames could be assembled with round

poles which are available in rural areas. On this frame,

pads of straw treated with chemical preservatives could be
laid 4 to 6 in. thick so as to give an even surface to the
rough timber frame. On this even surface, the half round

tiles could be laid so as to make a tiled roof.

The objection to the use of a straw padding between the
timber frame and the tiles is that the straw can accumulate
dust and be a breeding place for insects. This objection
could be leveled against cadjan roofs as well. It is
expected that further research will.help builders to surmount
these weaknesses of straw and tile roofing.

Once the technological problems of rural low-cost housing are
resolved, the way will be open to the development of rural
housing of improved standards. Here again the principles of
collective or individual self-help housing could be applied
as in urban areas. A Housing Authority should plan economi-
cal land use in rural éreas, housing densities, layouts,
access roads, size of plots and communal spaces and ameni-
ties. Rural households could then embark on projects of
redevelopment and reconstruction of rural areas on the
principles of self-help, provided they are backed by adequate
long-term finance.
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DRAFT

BIORESOURCE SYSTEMS DEVELOPMENT PROJECT WORKSHOP

INTRODUCTION

The Asia Bureau is supporting the International Institute for
Environment and Development in the development of Mission level
planning and policy enhancement tools through the Environmental
Planning and Management Project (EPM). This phase of the Bio-
resource Systems Project development will utilize the inventory and
annotation of thousands of natural resource-related models conducted
for IIED as a job for the Environmental Planning and Management Pro-
ject (number 5). The model inventory can be looked upon as an
initial phase in the development of the Bioresource Systems
Approach. The next phase which is described herein will consist of

the development of a system model of a current A.I.D. project which

will generate such products as

o the creation of a check list of the major variables (e.qg.

strains of rice or large wild ungulates) to be considered

in this watershed-level project,

o the inputs and outputs which link each variable



the temporal relationship of inputs and outputs so that
sequencing of tasks and products in a milestone structure

be identified through logic and critical path diagrams

the construction of a simple integrated system model and
its testing in simulation runs using several project alter-
natives. The approach is designed to assist in such deci-
sions as siting of project elements and/or identifying

counter-intuitive causes and effects.

a model skeleton for refining and further fleshing out with
additional sectoral elements to enhance its capability for
assisting in planning or maﬁaging those project variables
not considered in the initial workshop (e.g. other develop-

ment projects).

the production of an edudational video tape for Mission and
host environmental officers which can document and detail
the efficacy of the systems analytic approach, how a model
is constructed and can be used and resources necessary and

available to employ this tool.

a comparison of insights with those derived from :he
existing formal environmental impact analysis of the same
prcject. This should help identify systematic strengths or

weaknesses in each type of process.
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This analytical approach and preliminary computer model will be
developed through the vehicle of a workshop to be held near but out-
side of Washington, DC, primarily during the week of April é, 1984.
A pre-workshop meeting of several principals and progrémmers will be

held in late January 1984 to define goals, bound the effort and

assign tasks.
SPECIFIC OBJECTIVES OF WORKSHOP

o Design a heuristic agricultural-forestry-energy planning

system that
- demonstrates interdependence of sectors

- demonstrates system-wide effects of alternative agri-
cultural plans with enough reality to provide basis

for validation and testing in future work

- addresses current needs and problems of the A.I.D.
Mission.
o Develop videotape documentation of modeling process, review

process and model results and projections
- educational and training of US/AID personnel

- education and training of host country personnel

- ’77



PRODUCTS OF MODEL
o Graphics

- maps of watershed categorized by potential agri-

cultural productivity (color CRT)_

- maps of watershed forests and wildlife range, and

hydro dams and reservoirs

- maps of rigid constraints on agricultural area

(include water, swamps, roads, cities, excluded forest

and habitat, etc.)

- maps of available agricultural land, categorized by

production potential

- graphics of comparable production of food stuffs by
BYU small e.g. garden-model vs. traditional model and
effects of differing agricultural systems on forests

and wildland resources.

- temporal demographic changes and population dispersal

as related to resource use limitations and assumptions

- 4 -
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LIMITATIONS AND ASSUMPTIONS

STRATEGY

- bounded by watershed boundary

- this is an initial phase of model development to be
followed by integration of appropriate sectors in

later phases

- data cconstraints

Define agricultural/vegetation/cultural sites by image

processing for automatic entry and processing.

Compute futures given carrying capacity and population

models.

Develop modéls driven by climate and climate-related pest

impacts to incorporate stochastic climatic events and worst

case analyses.

Develop output equations relating water availability with

irrigation requirements and hydroelectric power generation.

Use data-rich but typical watershed-level AID project, e.qg.

a watershed of the Mahaweli in Sri Lanka.

/Zﬁ§j



CONDUCT OF WORKSHOP

The workshop will bring together several modeling and sectoral
experts for varying periods of time over.the course of a week. To
facilitate rapid programming of the model, the simulation language
DYNAMO will be used and two resource scientists experienced in
coding DYNAMO will be employed (Faeth for agriculture and Van Wie
for forest/energy systems). A total of nine partiéipants are for-
mally involved, although it is estimated that no more than seven
will be present at a single time. Important but episodic contribu-
tions will be made by non-resident, short-term participants such as

Anholz, Philley, and McNamara, and Ichord.

The initial morning will be devoted to describing the resources
available, the limits of responsibility for each participant, and
their tasks. The efficiency of this workshop and generation of
products will strongly rely upon the distribution of materials to

participants well in advance of the workshop. These materials

include
o digitized resource maps
o listing of major state variables, inputs and outputs for an
initial set of modules by the participants
o copies of the Mahaweli data base

-6 - ,7553



0 original literature describing some models of choice, etc.

The next‘three days will be devoted to communally and individually
buildiné the individual conceptual models on a modular basis detailing flows
of inputs and outputs. The afternoon of the fourth day will be devoted to
merging the modules. The fifth day will be devoted to simulation runsAand

reviewing model behavior.

Most participants will dispersé“on Friday, April 6 after work. Reed,
Faeth and one of the scientists will continue to build and refine the model

for an additional week.

Generally it is envisioned that DYNAMO coding will occur throughout the
workshop althouh the first few days will involve some foraging for the model
documentation retrieving outpitt and materials, etc. The last half of the
workshop will reflect the "intensive" programming needs attendant to model

development.
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BIORESOURCE SYSTEMS DEVELOFMENT FROJECT
FREWORKSHOF FLANNING MEETING
24-25 JANUARY 1984
FINAL REFORT

TO THE INTERNATIONAL INSTITUTE FOR ENVIRONMENT AND
DEVELOFMENT - EFM FROJECT

INTRODUCTION

Many projzcts planned by donor agencies in LDC’s could
benzfit from multi-szctor integration and the use of systams
analysis as a planning and analytic tool. Use of spatial
analysis in conjunction with the systans approach provides an
additional graphic tool useful in integrated assessments  of

interactions among the various sactors and discinlinas.

In an effort to provids USAID with an axampls of  an
approach to demonstrate the applicability of systems analysis
to projzct planning, the docummnted construction of a sustems
analysis of a" real world" project is proposzd. The usaes of
such a policy determination tool ars many and  wvaried. Two
major uszs  of the documasnted construction of tha currantly
propos=ad systems model will b

. as an aducational tool for Mission
administrators, projazct planners and
managers, and

(] as a prototype for further devalopment in the
Rioirzsourcs Systams Froject which will
generate an interactive planning tool for use
in project design  and  adaptable +to any

systens projoct at any site.



The Mahawzli Development projzct in Sri Lanka (Figurs 1)
is an exczllent choice for such anm example. It is w=ll
studied, an excellant environmental assessment is available,
and tha project is otherwiss wall suitzd for an intarzsting
and challenging analysis.

The: overall approach is similar to the Adaptive Environ-
mental  Assessment approach developsd by Holling (1278) and
his colleaguzs. A team of modzlers and discipiinarg scien-
tists are assamblad in a workshop format with the intent of
building a heuristic systems dynamics model of the projuct.
Thz entire modzling process of the currently proposad wor-
kshop will be documented by videoiape.

A praliminary planning mesting was held on 24-25 January
1984 to define the scope, methodology, and objectives of the
modal and the workshaop. These detzrminations, a concaptual
modzl, a task brezakdown, and a proposed budjet are pressnted

halow.

GQQLS/QBQQQIIQEQ: The primary goal of the Piorssourcs Systemns
Davelopmant Froject fModz=ling Workshop is to dzvzlop a
hauristic modzl that would serve as an aducational tool to
demonstrate the applicability of the systems  approach to
project planning, and introducs "sgstéms thinking" to land

management decision-makers, Systems models can provide an

)
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insight as to the dynamics of intaractive processes and allow
focusing of rasourcas on  "“sensitive" variablaes in fzasibili-
ty planning. Thus, in addition to providing an =ducational
tool for USAID and host country personnzl, the modzl deve-
lop=d may also be viewad as a prototyps or plan of refarence

to be used in dasigning project frasibility studiss.

AFFROACH: The overall strategy in devising the methodology is
to  interface systems modeling and spatial  analysis. The
genzral  approach is to (1) locate a site; (2) huild a land
usz  map data base; (3) identify the major subsystems or
sactors, their linkagss and dymamics; and (4) addiress  the
human carrying capacity by comparing, for example, tradi-
tional wvs. the small-scale approach to agriculturs as  des-
cribed by Johnston =t al. (1982). The sustems approach allows
identification od important variables and for manipulation
of the most sensitive variables involved in  the following
quastions. Will X  hectares of land support X numbir of

p=ople? What is the long term carrying capacity of "Systen

-3

B! Can one augment that carrying capacity by chainging
agricultural land use practices? How should population growth
bz takan into account? Assuming a given life of the project

to b 90 yzars, how many pzople should be moved into  the

hd

project at  the outset in order to rezach, but not excesd

50



carirying capacity by the end of tha planning horizon? What,
are the affects of water diversion to systems and uses?  What
are  the affacts of a rice surplus and a corresponding
lowaring of prices? What are the affacts of grazing and  use
of draft animals vs. mechanized agricultural practicas? What
are  the effects of buffer zones? Varying grazing systems?

Fuzlwood plantations? atc.?

FRORGLEM STATEMENT: Conceptual models are based on an initial
"problem statement" which acts as the driving force for
dafining the components of the sectors and state variables to
bz addrassed in the subsequant model development. The prob-
lem  stataement for  this particular madzling =ffort is a3
follows: TIs tha Mahaw=z=li Suystem B Froject sustainable?
"Substatzmants”" or questions to be  addrazssed within the
primary problem statement include projemct sustainability at

what lavals of population, at what lavels of aconomic input,,

and for how long?

THE CONCEFTUAL MODEL: It is necessary and critical to define
the system to b= analyzed carefully in the context of the
problem  to  be addrassad. Discussion at the pra-planning
mzating £ the goals and objectives of the workshop =ffort
has  resulted in the model proposad below and illustrated in

Figure 2.
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The spatial boundariss for the modal developmant ancom-
pass Lthe Mahawszli System 2 Frojsct, includs the bordering
forest rasserves and oropesed National Parks (Figurs 3), and
extend to the coast to include the Valaichchenai Aru  astuary
at the wmouth of the Maduru Oya (Figurs 4). The wupland
"watzrshad" boundary was detarmined to start at the Maduru
Oya raservoir and not at the hzadland waters. The primary
factors driving this decision ware two-fold: (1) System B is
an irrigation system, and (2) accessibility of USAID data for
the "laft bank".

The dzcision on modzl boundary is critical as this is
what defines the limits of the system to bs analyzed. Quan-
tities and control factors entering the system from outsids

are consideraed to bs

D

are  Larmsd s=xogznods variablas. Thas
inputs  to the suystem and include, for example, governmant
policias, watershad managamant, stream inflow, siltation,
rainfall, potable water, migration, =extension (aducation),
anergy, 2tc. (Figura 2). Additional axogenous variables will
ba identified during the course of the April workshop.

The circles repraesent the major modulaes (sectors) of tha
models  land use, agriculturs, irrigation and water supply,
S sociosconomics, forasbry, and wildlife. Lishted within zach
circle are axamples of the variables to be modaled or
addressad, Arrows reprasant  intarachtions  bhatwesn AT

nodules.
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The modal to be developad, =avaluataed, tested and tuned
in thes April workshop will consist of an =laboration of the
modules as detarmined during the January planning maeting.
Each module will bz developezd prios to the April workshop by
the assigned participants identified bz2low. The participants
will wtilize the appropriate "moduis-spacific" data provided
by thres major sourcas?

(] TARS Environmantal Assassmnent of the
"Accalarated Mahawzli Devaelopmant  Frogeam
(1989),
() ACRES Maduru 0Oya Projact Feasibilitg Report
(1980) , and
. USAID Froject Faper: Mahawzli  Environnent
Frojact (#383-00735).
Dr. Rezd will provide the assignad team leaders with  the
nacessary  "sactor-specific® hibliographic information on the
appropriate modulas from his 1983 report: Bibliography of

Models Applicabla to USAID Missions.
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FERSONNEL ASSIGNMENT BY TASK -

LAND USE SECTOR
Rezd, K.
Van Wiz, D.
Star, J.

AGRICULTURE SCCTOR
Stinnar, R.
Robison, L.
Anholt, C.
Berwick, N.

IRRIGATION AMD WATER SUFFLY SECTOR
Fazth, F.

SOCIO-ECONOMIC SECTOR
Fazth, F.
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SECTOR MODELS

LAND USE: The land use moduls is a simple accounting of
hzctares in the various land use categories defined for the
systam. Som=a  of these categories will be determined as  a
result of fcHarg overlay techniques, others will be 3 priori
land classifications. Spatial analysis will bz uszd to maks
thess classifications.

Map analysis assistad by the computer program "MAFY will be
used to  gonerats maps and  compute  catagory  ar=za. Thase
categoriss and areas will be provfded as input to the sustaen.
Catagorias will be defined in Lerms of requiremznts by other
modulas. Thzse categories will include hectares of  arable
land, both potential and under cultivation, ar=a of forast/
wondlot/plantation, national parks, estuaries, wetlands,
girazing lands, developad lands, =tc.

Inputs from other modules will be aXprassad as
requiramznts  for reclassification of land use catzgories.
For axample, the agriculturs sszctor may require conversion of
forast land.tn rice paddy. Damands for this land will be met
by a proirity schems as long as sufficisnt potential rice
paddy land is availabla. In a similar manner, convarsion of
agriculture or grazing land to forasst or woodlot will be

brrackad,
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FPariodic snapshots of this compartment will be output
and‘used to reclassify land in the maps containzd in the MaF
data base. This cannot be done dunamically at this  time.
Thzse maps Wwill be useful display devices. The map anaslysis
step wWwill bz used to allocate initial land use hectaragss as
wall as to dafine some of the categorises such  as potential
crop land or village sites. Animal habitat will of courss be
trackad in tha modules and in the MAF data baza. Map ratmgo-
rirs can also reprasent habitat quality, productivity poten-

tial, =to,



AGRICULTURE SECTOR: The agriculturs (or food production)

sector will include crop growth, grazing, and fisheriss in-
cluding aquaculturae. Crop growth will include the =ffacts of
irrigation and potsntial pests (at least one inssct and one
pathogan) ., Nzcassary inputs will include: irrigation water,
rainfall, largs veartebrate damags, and hzctares involved.
Amounts  of irrigation watzr will coms from the wataer supn ly
sector, rainfall as ganerated nput, hectaras from the land
wie  sactor,  and  large vartebrats impact from the wildlife
sactor.

Outputs will includz y=zarly biomass accumulation (yiwld
and crop rasiduz), water uss, physical requirements such as
agro~chenicals (fertilizers, pesticides,atc.) as well as
lahor and draft animal requiremsnts. Yizld, crop rasidus
(for enzrgy and/or soil amendment), and physical raquirensnts
Will be passad to the socio-zconomic sactor, and water uss to
the water supply sactor.

Thz agricultural sesctor component will be dzvelopead
using a morz detailed modzl with a smaller time step  and
variable pest control strategiss. A response surface will bHe
Fit  For wach output variable as a function of the input
variables,

For grazing, simple calculations of pasturs nesds

(hectarzs)  and  brasding herd nesds (hechbarss) will be  madse
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baszd on the projacted draft animal requiremants an  forags
productivitias from above. Thase land requiremsnts will  be
passed to the. land use sazctor.

In d=zaling with fisherizs a tine step of on= ysar ap-
pzars to be sufficiently small. 'Inputs for aquaculturs ars
analogous to the crop section? fingerlings, water, food,
fFartilizer, and labor. OQutput is kilograms of fish/hactars
of watar. Water use will pass to the water supply sector.
Fingarling numbeirs, food, fartilizer, labor requirements, and
yield will pass to the sosio-zconomic sector. Inputs to
“estuarine  and  nearshore captuire  fisharies include water
supply, nutriznt loading, downstream accumulation of agroche-
mical, silt, watc. Yieid outputs will pass to the socio-

sconomic sector.

11
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TION AND WATER SUFFLY SECTOR: The irrigation water

IRRIG

=x
1D

supply s=ctor will be a relatively simpla moduls of the
modal. The major state variable will bs the volums of water
stored for irrigation - the water held by the System B rasar-
voir. Thz single inflow ratz to the volums of stored irriga-
tion water would require information concerning the river
flow including the average annual piver flow, intarannual
high and low flow, and historical highs and lows. Threric
would b= two outflows from the volume of stored irrigation
water: tha rate of water usags for irrigation, and the rats
of water loss from saepage, evaporation, and divarsion to

other projzcts. The rate of water usage for irrigation would

D

b2 a function of tha water stored and the water  demandad.

ne  water  demandad for irrigation depends upon  agironominc
variablaes including tha crop mix and number of saasons, the
amount of land under cultivation, and the water suppli=d by
rainfall.

The total amount of water stored is a function of tha
capacity of tha reservoir in addition to the river flow. The
resarvoir  capacity is a function of the initial construction
volumz and rate of siltation. Outputs such as the effscts of
water diversion to to crop and astuarineg fishariag

productivity will also be assessed.



SOCIO-ECONOMIC SECTOR: The socio-zconomic sactor would in-
clude thres major state variables: human population, farm
family monay balancs, and Farmer natural resource knowladge.
Tha human population variable would include inflows from in-
migration and births and outflows to amigration and dzath.
Migration rates would require information from the land usse
sector on the proportion of davelopzd land as wzll as  Ffronm
the  agriculture sactor by type of food produced in order to
calculate 2 quality of life indicator. PRirth and death rabtes
would b= constants. Fopulation and sattlemsnt patterns will
spontanzously respond to rural and road development as  will
plannad disparsals.

Tha  monay  balance would be a function of incoms and
axpanditures, Thez only wvariable incoms rate would be  the
incoms from crop sales. This income rate would raquirs
production (crop yislds and land use) as well as prices
information. Tha rate of money axpanditure would depend upon
the dexs irzd rate  of expenditures and wauld PiEquire
information on optimal lavels of production inputs and the
farmar’s willingness and ability to invest, which would
depend  uwpon farmer knowledgs and liquidity, respectively.
Other  expenditures would simply be moderated by liquidity

such as family support and anergy expenditures.
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Farmer natural resource knowladgs: would be fairly
simple - bhasically a "lzarning by doing" facxdback louop mode-~

ratad by the lavel of axtension support.

14



FORESTRY SECTOR: Tha forasstry ssctor provides thres main
"products” to the project system? fuslwood, timber, and
wildlife habitat. Largs sections of the native forest ars
being cleared to convert land to agriculturs, lzaving only a
Limitad supply of wood Ffor timber products and fuzlwooad in
the "System B" arza. Significant quantities of native forast
Wwill bz protected in the forest resarves and national parks.
Tharafore,  much of the future demand for furlwood and timber
is axpacted to coma from plantations. For this reason, thras
typas of Forest land will be distinguished in the land use
accountiing module: pative forest, fuslwood plantations, and
timbzr plantations.

In the forestry module, inventory of wood biomass

available for Ffuzl or timbar will be state variables measured

in cubic meterg, Forezst "biomass" will "grow" annually
through two or mora agz/sizs classas. Foirzst growth and

productivity will be influanced by the availability and use
of production inputs: labor, sazdlings, =zquipment, etc. which
Wwill be provided by the indigenous population or huy ekternal
suppoirt .,

- Fuzlwood can b= can bz harvested from any size/ags
class, while sawtimbar can only be harvasted from the mabure

.agz class. Timbar demand will be axogenous (determined by

\x
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State Timber Corporation), while most, or all timbar will be
axportad  from the region. It will ke important to determine
if export timber yields an incoms to the local region, or if
revenues from timbar are accounted for separatsly.

Fuzlwood demand will be basad on the total population in
the region (socio-aconomic ssctor). A system dynamics modal
of Ffuzlwood production and demand in dev&lopfng countrias
(Kirchner, 1982) will be a good resource. Howzver, our
varsion will be lass detailed than that affort. Fuzlwood
dezmand will also be datermined by the price and availability
of  cdbstitute fuszls such as kerosens as well as the averags
monzy halance (w=alth) of the population.

Another important =lement of fuelwood use is the
relative  accessibility of the fuzlwood resourcas. The Limg
spent  to gather a family’s fusl neads must be  balanced
against the cost of substitute Fuals.

The role of forests in providing wildlife habitat will

b datzrminaed in the wildlifa sactor.
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WILDLIFE SECTOR: A habitat quality/quantity index Wwill b
developad for =ach indicator speciss as wzll as  thoss of
lzgal or religious significance. This index will depeand on
the amount and distribution of habitat components, as w=ll as
the density factor for asach habitat area.

Wildlife impacts are important for several resasons.
Fraserving wildlife spacies is a clear social goal in  the
country. Secondly some species of wildlife, such as @ lep-
hants, will cause significant aconomic damags i+ not =naugh
habitat is available, or if ths populations are not managsad
propairly. Crop damags is a critical alamant in the modzl, as
is the cost of controlling wildlife, or mitigating wildlife
impacts., Another  project-related impact is the physical
constraint  and cost of maintaining buffer zones, corridors,
or othar wildlife pressrves in the project area.inally  alte-
ration of natural flow regines coupled with downstream accu-
mulation of agrochemicals affects wetland avifauna habitat as
wxll as the estuarine fishery resources at the mouth of  the
Maduru Duya.

Tha  basic componznts of the wildlife sector include:
habitat typz suitability indices (HSI), density of  Featured
spacies  for each habitat type, area of habitat tupes  (from

tha  land usa sactor), and multiplisrs to account for the

17
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praximity of w=ach discrate habitat patch to habitation aor

othar anthropogenic fzaturas, and the linear distance of =sdge

g

bztwsen tLypazs  for appropriate sized areas (z.g. 25 Squiara
km) . Twalve likely tuypes would includez scrub  forast,
mangroves and estuaries, inland wetland, riparian, saral
forest and grassland, farm, urban , powzr corridors, roads,
resaryvoirs, canals  and  tanks, and plantation forzst.

Fourtean likely spacizs wo&ld inc lude elaphént, lLzopard,
sambar, spottad dosr,  langur, certain waterfowl, cartain
wading birds, boar, carp, tilapia, shrimp, squirrsl, para-

kest, and munia. Repressntative indicator species will b

Inputs necessary for the HSY include natural history
facts for the faaturad spacias (including szasonal
occurrence) and distribution maps. The arsal extent of typas
will he darived from the land wuwse sactor as will  the
myltiplier for the adge. Density will he determined from EIS
and raszarch  data, @xploitation multipliars basad upon
distance from farm and labor sources ( =.g. farm density,
construction/forest camps, touwns, astc.) which will com: from

the forestry and socio-sconomic sectors, and  from mapp

Ru

protected arweas (forast reserves, national parks, astc.).
Outputs will go to such sectors as forestry and

agriculture for crop/regensration damage sshimates, tourism,

18

ue



land wse (park and rasarve projachions) sociosconomic (=.g.

sales of animals and their products such as birds, aquacul-

ture and shirimp fisherizs), and health (mosquitos, rodents,

ztc.).
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INTRODUCTION

This paper is a non-technical, rather informal presentation of a
working version of GIR3--an ecosystem model of the Gir Forest
Prese .ve in India. The model is written in the DYNAMO compiler
language using System Dynamics, a policy analysis technique
developed at Massachusetts Institute of Technology. DYNAMO allows
the succinct expression of complex systems that are characterized by
nonlinear relationships and are capable of being represented in a
differential equation format. System Dynamics is especially
applicable to simulating complex systematic behavior over time and
to testing policy options which can be expressed through relatively
simple structural and numerical changes in the model. GIR3 is a
rough, incomplete model which is presented here to illustrate the
study of the dynamics of an existing complex problem structure, the
Gir Forest Ecosystem, through the modeling process as well as some

of the applications for managers of such an ecosysten.

THE PROBLEM

The Gir Forest; 1200 square kilometers of forest and savanna in
northwest India, is among the largest nature preserves in the
subcontinent. It contains remnant populations of a variety of wild
ruminant species "that once constituted the magnificent faunal

wealth of India" (Berwick 1974). The Gir also harbors the last 180

Or so remaining Asiatic lions (Panthera leo persica), a subspecies

that has been reduced to a minute fraction of its original range and

numbers. The Gir also supports a healthy leopard population. <*§
-1 - '



Unlike most Western nature preserves, the Gir Forest Preserve is
the home of a number of native tribal people who practice a
traditional pastoral economy and associated culture. The Maldhari
tribesmen keep about 25,000 resident domestic cattle and buffalo
that graze in the forest. During the monsoon, another 25,000
nonresident cattle are brought into the Forest to graze. In drought
vears (the monsoon fails about every 5 years), an additional 10,000
to 25,000 head are driven into the Gir in search of food. These
domestic livestock cause severe local impacts on the forest
vegetation through overgrazing and soil compaction, thus threatening
the health of the entire forest ecosystem and the lions therein.
Ironically, the stock animals also provide 75% of the lions' diet
(Joslin 1973). The Indian government is faced with the task of
managing this--a last vestige of the Asian faunal heritage in the
face of these endemic conflicts. A model, similar, but mor?
sophisticated than the one presented here would be a great tool in
determining the answers to these complex problems. For a thorough

discussion of the Gir Forest situation, see Berwick 1976.
THE REFERENCE MODE AND TIME HORIZON

In this modeling discussion, we will be looking back five to ten
years in an effort to reproduce historical behavior of the system
ovef that period. We will also be looking ahead 40 to 45 years in
our projections of the system behavior. The model is based on
ecological and demographic data which were collected from 1969
through 1976. Aknowledgements would generate a list longer than

-2 -
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this paper although the contributions of M. Berwick, S. Chavan, R.
Grubh, K.T.B. Hodd, P. Jordan and N. Sanyal were critical to
"systems" view. No 'hard' historical trends can be readily gleaned
from the available data, but some basic trends and assumptions about
past behavior can be inferred. The lion population has been holding
fairly steady since 1970, although population estimates have been
too variable to project trends (Joslin 1973). As a reference mode
for the model, we will try to reproduce a stable pbpulation of lions

for the first five to ten years of the run.

Other important variables in the model include the relative
quantities of both herbage and browse available to both wild and
domestic ungulates. Much of the concern for the Gir has stemmed
from a perceived decline in the quality and quantity of fodder.
Thus, we will also try to reproduce in our 5- to 10-year reference
interval a condition of slightly deteriorating herbaceous biomass

and productivity.

THE MODEL

The current status of the model is a working version called
GIR3. the model structure has evolved through two earlier stages,
aptly called GIRl and GIR2. GIR3 while not working to complete
satisfaction exhibits fairly sound behavior; its major problem is
that it has not been properly "tuned." Further structural revisions
may be necessary to produce a model with proper behavior and

numbers. For the present, GIR3 is a step in the right direction.
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The question is the uses to which such a model should be put.
What is expected from such a simulation? Briefly, the reasons for

constructing and using such a model can be summed as enhancing the

o knowledge of the system by formally drawing a "conceptual
model" with boxes representing the state variables and
showing the inputs, outputs and other relationships (e.gq.
functional proximity). This exercise can‘be very revealing
and, for example, when planning research, is essential to
prioritizing, programming and sequencing tasks and devising
milestones so that data necessary for an analysis are
generated before rather than after that task is written

up. In a word a check-list of "linkages" is revealed.

o construction of a simple integrated systems model and it's
testing in simulation runs using several managerial
interventions. This approach is designed to assist in such
decisions as siting of structural elements, sequencing or
choosing management options (e.g. burning, provisioning

lions, etc.)

o - comparison of insights with those derived from the existing
system of data analysis and management. This should help
reveal systematic strengths or weaknesses in each type of

process.
-4 -
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o constructing and running the model can be expected to
reveal several higher order unexpected relationships which
may have been counter-intuitive, e.g. the effect of
Maldhari translocation upon soil moisture, or of increases
in ungulate prey densities upon lion social behavior.
These can be provocative insights which stimulate further

research.

It should be noted that even if numbers are not cranked out of
such models, e.g. the number of chital to four decimal places, the
general relationships can be revealed and this level of resolution
provides enough information to the manager. For example, changes in
densities can be simply and subjectively portrayed as high, moderate
or low, positive or negative. Following is a presentation of the

basics of GIR3.

GIR3 is divided into five sectors, each centered on a single
state variable, or level, its associated rate equations, and the

auxiliaries that define the rates. The five sectors are set up as

shown in Figure 1. An elaboration is given in Figure 2 and the

working elements are shown in Figure 3 which should be consulted in

much of what is discussed below.

The arrows denote causal interactions between independent and
dependent variables, pointing to the dependent sector. It is clear
from the diagram that certain sectors are not causally linked, while
others are only linked in one direction. In the "real" system, the

/
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PREDATION
SECTOR

MALDHARI SECTOR

ANNUAL
RAINFALL

Figure 1.

WILD RUMINANT
SECTOR

HERBAGE & STOCK
SECTOR

BROWSE SECTOR

Major sectors of the Gir ecosystem.
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Gir Forest itself, many relationships exist that have not been put
into GIR3. Let it be clearly stated now that the purpose of this
model is to capture a simplified representation of a particular
perception of reality (ours) in an effort to reproduce a behavior
analogous to the real system. Certain causal links are left out of

the model as a result of a tradeoff decision between simplicity and

behavior.

For example, the Maldhari people are obviously dependent on
their stock for existence. 1In this model, it was assumed that the
number of Maldharis will directly determine the number of resident
stock, but the causal feedback was left out. The lack of a feedback
making the Maldhari popuation dependent on the size of their herd
would depend on an economic and demographic system that is
tangential to, but not extremely relevant to the ecological system
upon which we are focusing. Within the precision of the rest of the
model, the exact number of Maldharis and the exact number of
resident cattle is overshadowed in importance by the unpredictable
numbers of non-resident cattle entering the forest. Therefore, such
a causal feedback would add little to the behavior of the herbage
sector, which is more responsive to the grosser changes in the total
number of stock in the forest. This is not to say that such an
additional structure is undesirable; rather, in this version of the

model, it has been consciously left out.



The sector diagram above also indicates that the GIR3 model is a
rainfall-driven system. In the Gir, the monsoon is a life-giving
force which, to a large extent, determines the grass crop and the
subsequent well-being of the Maldhari cattle. The monsoon also
determines the annual number of nonresident stock entering the
forest. 1In the model, the rainfall function is an exogenous force
that drives the dynamics of many of the state variables in the
system. A graphical representation of the rainfall function is

presented in the Appendix.

Following on the next page is a very general and aggregated
causal loop diagram of the GIR3 model as a whole. 1In the diagram,
each linking arrow is marked with a polarity sign (+, -). A
positive link is one in which an increase in one variable will cause
an increase in the other; and, conversely, a decrease in one causes
a decrease in the other. With a negative link, a change in the
independent variable causes an opposite change in the dependent
variable. Again, certain links have been left out by choice. This
does not mean, of course, that the present links are the proper

structure. Further scrutiny and experimentation are needed.

The remainder of this section of the paper will present a more
detailed, yet brief discussion of the five sectors of the model.
The data points, data collection methods and analyses are described
in Berwick (1974). Please refer to the DYNAMO Flow Diagram and the
model listing for a more detailed presentation of the schematic and
mathematic structure of the model. No attempt is made here to
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present a technical description of the equations and numbers used.
Such an effort will be postponed until a more nearly final version

of the model is completed.
THE BROWSE SECTOR

The state variable that is the heart of this sector is Available
Browse (BROWSE), measured in kilograms. The changé in BROWSE per
year is equal to the yearly production of browse (BPR) less the
yearly utilization (BUR) less the amount that matures annually to

wood (BMR).

The Browse Production Rate is determined by multiplying a
constant potential production rate (340 kg/ha-yr) times the total
forest area (AREA) times a Browse Utilization Multiplier (BUM). The
production of browse is largely a function of the previous year's
utilization levels--very light browsing stimulates growth, while
overbrowsing can eventually kill certain plants (Garrison, 1956 and
others). BUM is based on the Percent Utilization of Browse (PUB)
from the previous year. This is accomplished through a delay
function (DLINF3), since back calculations are not possible in
DYNAMO. Instead, "future" calculations are made by delaying present
information until it is "needed" in the future (delays are very
complex structures and cannot be adequately discussed here). The
Percent Utilization of Browse (PUB) is determined by the ratio of
consumption to production; this ratio is delayed for one year,

becoming UIB, the Utilization Impact on Browse Growth. The Browse
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Utilization Multiplier is then a non-linear function of UIB, the
Utilization Impact on Browse Growth. The Browse Utilization

Multiplier is then a non-linear function of UIB as shown below:

1.5 Stimulates growth
/f/
BUM 1
for browse .54
growth
50 (%) 100
UIB

The annual Browse Utilization Rate is a function of the total
wild ruminant population (in kilograms) times an annual Browse to
Ruminant Ratio of 9.6 kg-browse/kg-ruminant per year, plus the
amount of browse lopped for use by domestic stock (.1l kg/kg of

domestic stock).

Finally, the Browse Maturation Rate (BMR) is determined by
calculating the amount of unused browse each year and "dumping" it
off as unusable wood the next year. Again, this accomplished
through the use of a delay function in which the Browse Differentia
(BD) is delafed for one year. BD is merely the difference between

annual production and annual consumption.
-9~
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RUMINANT ZECTOR

The central level in this sector, Wild Ruminant Population
(WRUM), is measured in total kilograms. There are four major wild
ruminant species in the Gir; nilgai, sambar, chital, and the
fourhorned antelope. These are aggregated into a single population
in GIR3. 1In his thesis, Berwick used .total wild ruminant biomass in

his analysis of forest energetics, especially with regard to the

predator/prey turnover.

The dynamic changes in the WRUM population are accounted for
through three rates: Ruminant Birth Rate (RBR), "Non-Predatory"”
Death Rate (NRDR), and Ruminant Predation Rate (RPR). The Birth and
Non-Predatory Death rates are simple biological growth and decay
functions based on constant fractions of the population entering and
leaving each year. The source data can be found in the life table
analyses of Berwick (1974). Each base fraction is modified by a
Ruminant Nutrition Multiplier (RNM) which decreases the Birth Rate
and increases the Death Rate when the browse resource is being
overutilized. This Non-Predatory Death Rate accounts for deaths due

to disease, accidents, and starvation.

The Predation Rate on Ruminants {RPR) is simply the sum of the
total kill by lions and leopards (RLLI & RLLE). The calculation of
these kill rates is quite complex and will be discussed in the

Predation Sector.

W



HERBAGE AND STOCK SECTOR

The central dynamic structure of this sector is essentially
identical to that of the BROWSE sector. Available Herbage (HERB) is
increased by an Herbage Production Rate (HPR) and decreases by a
stock Utilization Rate (HUR) and the decay of Unused Herbage
(UHERB). The structure contains the same delays as in the Browse
Sector. Like Browse Production, Herbage Production is a function of

the previous season's use, according to the following relationship:

1.5 p

HUM 1
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The Major difference between the Browse and Herbage Sectors is
that the Potential Production Rate for Herbage (PHPR) is a function
of annual rainfall, rather than a constant. A failure of the
monsoon will significantly reduce the annual herbage production, but
will not seriously affect the annual production of browse (Berwick,

1974).

This sector of the model also determines the yearly total of
stock in the forest (TSTOCK), measured in kilograms. TSTOCK is the
product of the average weight per animal (STOKWT) times the sum of

the following:

Resident Stock + 1/4 (Non—resident Stock + Drought 3tock) where
each class (type) of stock is measured in individual animals.
Resident Stock (RSTOCK) is the total number of animals, calculated
on a per capita basis, belonging to the Maldhari people.
Non-Resident Stock (NRSTOK) and Drought Stock (DRSTOK) only remain
in the forest for one season of the year; hence, their "Animal Unit
Year" value is reduced to 1/4 that of the permanent Resident Stock.
The number of Drought Stock (DRSTOC) is determined as a function of
annual rainfall. Since they only enter the forest when the monsoon
fails, another function (SRSTOK) "decides" whether DRSTOC will enter
the forest. A "CLIP" function, a type of IF...THEN function, is

used to make the decision.
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TSTOCK is used to calculate the Herbage Utilization Rate in this
sector and the amount of browse lopped as supplementary feed for
stock in the Browse Sector. 1In both cases, TSTOCK is multipliedbby
an annual food to stock ratio (HSR & LOPPC) measured in kg~-food per

kg-stock weight.
MALDHARI SECTOR

In this version of the model, the Maldhari Sector is quite
simple and peripheral to the central ecological dynamics. The
single link between the Madhari sector and the rest of the model is
in the calculation of Resident Stock, where an exogenous input of
Maldhari population could suffice. However, the current structure
was built in anticipation of constructing a more complex dynamic
sub-sector based on pastoral economics and tribal demographics.
Both play an important role in how the forest is utilized. For
example, in a subsequent version of GIR3, the total forest area
could be broken down into areas within the area of villages and
"ness" communities and areas outside a practical radius. Such a
revision would mandate the addition of a community structure within

the Maldhari Sector.

The Maldhari Population (MHARI) is measured in individuals.
Constant fractions of the population are used as the bases for the

Maldhari Birth and Death rates (MBR, MBRF & MDR, MDRF). Each of the
- 13 =
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two rates is a function of the annual rainfall. When the monsoon
fails, Maldhari Deaths increase as a result of lower nutrition
(MNM). Likewise, when drought occurs, the Maldhari Birth Rate

decreases subject to a one-year fertility delay (MFM).
PREDATION SECTOR

The most complex sector of GIR3 is by far the Predation Sector,
This sector was modified extensively from the GIR2 version and has
succeeded in imparting a much more acceptable behavior to the model
as a Qhole. The central state variable is the Lion Population
(LIONS) which is treated in terms of individual animals. The
initial population used in the model is 137, Joslin's estimate of
the number of lions within the Gir Preserve. The total lion
population in the region has been estimated at about 200, but some

of these occur outside the Preserve.

The basic dynamics of the lion population are quite
straightforward; the Lion Birth Rate (LBR), Lion Death Rate (LDR),
and the Lion Migration Rate (LMR) account for all changes in the
population. For the first two rates, a constant fractional change
per year is modified by a Prey Availability Multiplier (PM). This
multiplier is a feedback mechanism from the overall availability of
stock (SAM) and wild ruminants (WPAM), which prevents an unregulated

overkill of the prey animals. PM will be discussed more thoroughly
- 14 -
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below. The Lion Migration Rate is set up as a constant fraction of
the lion population in this version of the model. Were the data
available, a more realistic density dependent structure would have

been more appropriate.

The leopard population is also included in this section, but,
because its demographic composition was unknown, a static population
was used. A table functicn is used in GIR3 so that the leopard

population can be varied over time,

The total prey requirements of each predator population (LIPREY
& LEPREY) are computed by mqltiplying an average prey per predator
ratio (PLIR & PLER) by the number of individuals in the respective
population. The ratio for each predator is computed by multiplying
a "normal" value, estimated by Berwick, by the prey availability
multiplier (PM). 1In GIR3, PM is the product of the relative
abundance of stock (SAM) and the relative abundance of wild
ruminants (WPAM). As a product of these two values, PM implies that
the least available prey type will limit the total diet of the
predators. Other possible formulations of PM, such as an average
prey availability, could be substituted. The present formulation

was chosen rather arbitrarily.

The diets of both predators are divided into two prey types as
we have seen: stock and wild ruminants. Each type of prey
comprises a given percentage of each predator's diet. The leopards'

percentages are static, average figures. The lions' diet

s JA



composition is a function of the relative availability of wild prey
(WPAM), assuming (correctly?) that its natural prey would be its
first choice if sufficiently available. The percent of the Lions'
Diet as (wildi Ruminants (PLIDR) is computed by multiplying a base
figure of 25% by WPAM. The Percent of the Lions' Diet as Stock

(PLIDS) makes up the difference.

For each predator there is a certain, constant'Kill Retrieval
Success factor (LIKRS & LEKRS). These pertain to the ability of the
predator to consume a kill of domestic stock. In the Gir Forest, it
is comﬁon for the Maldharis to chase a predator from its kill in
order to sell the salvaged meat and hide to Harijans. Therefore,
assuming the lions only keep 25% of their kills, they must kill four
times as much meat than they require. These retrieval rates were

calculated from data in Joslin's thesis.

All of the Predation Sector variables discussed so far are used
to compute four importanﬁ variables: the amount Stock Lost to Lions
(SLLI), Stock Lost to Leopards (SLLE), Wild Ruminants Lost to Lions
(RLLI), and Wild Ruminants Lost to Leopards (RLLE). Each of the
four has nearly the same mathematical construction. For exanmple,
SLLI is the product of the total prey requirements of the lion
population (LIPREY) times the percent of the lion's diet as stock
(PLIDS), divided by the lions' kill retrieval success (LIKRS). For
the (wild) ruminant kill variables, kill retrieval is assumed to be

100%.

- 16 - g LPB



The Total Stock Lost to Predation (TSLP) is the sum of SLLI and
SLLE. The units of TSLP are total kilograms of stock killed per
year. To convert this to a more useful variable, the number of
Resident Stock Killed (RSLOST), TSLP is divided by the average
weight per stock animal (STOKWT) and multiplied by an average

fraction of total kills inflicted upon resident stock (RSPF).

And finally, the sum of RLLI and RLLE is simply the annual
Ruminant Predation Rate, as mentioned in the discussion of the
Ruminant Sector. Note again the feedback loop from lion population
through RLLI and back to the lion population through the Prey
Availability Multiplier (PM). 1In the GIR2 version this feedback was
absent, resulting in an extremely unstable system (either the
ruminants were exterminated by the lions or increased exponentially,

depending on relative recruitment rates).
DISCUSSION

The current structure of GIR3 is merely a working version.
Rather extensive alterations may have to be made before the model is
applicable to policy testing. Particular attention must be paid to
the parameter values (our data) and table functions (non-linear
relationships of dependent and independent variables such as plant
productivity upon intensity of browsing). Those table functions

used in GIR3 are nothing more than semi-educated guesses. A much
- 17 =
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more extensive research effort is needed to determine becter
estimates of quantitative relationships although the model helps to
pinpoint the types of data needed. The purpose of this model has
been to create a "ballpark" prototype based upon extensive research
which is useful in communicating the dynamics of an existing complex

problem structure. In this respect, GIR3 is quite successful.

The base run of GIR3 follows in the next few pages. The dynamic
behavior of this run seems plausible, but has not been
satisfactorily verified through sensitivity analysis and fine

tuning. Nevertheless, the base run is quite instructive.

In the DYNAMO plots, we can track the behavior of a large number
of variables-over time. In fact, there are about 36 variables and
102 linkages--more than the human mind can accomodate when an
intervention causes changes throughout the system. By studying the
individual behaviors of a number of complexly interrelated
variables, we can get a better grasp of the dynamics of the model,
and, if we are satisfied with the model, of the system itself. An
example of the interactions might be the following: The predation
pressure on wild ruminants by both predators initially decreases the
wild ruminant population. This reduction in wild prey feeds back
through the Prey Availability Multiplier to the lion population,
reducing the birth rate and increasing the death rate. The lion
population therefore decreases. Following this decrease in lions is

a decrease in the resident stock lost to predation.

- 18 - g
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Other such dynamic relationships can be recognized through
careful scrutiny of the model structure and printouts. Although it
cannot be interpreted at face value, this base run can be used as a
reference with which to compare the experimental policy option

testing discussed in the next section.

POLICY OPTIONS

In the concluding section of his thesis, Berwick discusses a
number of policy options which could be applied to the Gir Forest
Preserve in an effort to maintain the health of the ecosystem and
the lion population. GIR3 was designed to accommodate the testing
of some of these policy options, including: reducing or eliminating
non-resident stock from the Preserve, allow: :g a higher kill
retrieval success for predators to reduce predation pressures on the
resident herd, and reducing the leopard population to free up prey
for use by the endangered lions. All three of these were tested
using GIR3. The first two options failed to alter the behavior of
the system significantly. This is probably a result of improper
tuning and incongruities in the model. The third option, reducing
the leopard population, did have a signi:sicant impact on the
system's behavior. The policy option rerun is presented here as an
illustration of the possible changes in dynamics that certain
policies will impart on the model behavior. Again, the results of
the option rerun demonstrate a plausible behavior, but have an

uncertain applicability to reality.
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We can see in the printouts on the following pages that the
decrease in the leopard population after 10 years reduces the
predation pressure on the wild ruminants. The increased
availability of prey quickly checks the decrease in the lion
population that we saw in the base run. The increase in prey
availability increases PLIDR (percent lion diet ruminants), but the
lions cannot take up all the slack in the ruminant population. An
explosion of the wild ruminant population results in a concomitant
decrease in available browse. (Notice that the limits on the graph
differs from the base run.) The increase in ruminants reduces

predation pressure on the domestic stock (RSLOST).

CONCLUSION

Berwick's conclusions in many of his papers imply that the Gir
Forest is pesently at a stage of unstable equilibrium. The
ecosystem operates on the margin of stability--any major
perturbation, such as prolonged drought, may result in irreversible
damage. We can see from the two model runs that such a system has
been created in GIR3. Although the exact relationships between
variables remain to be determined, the model is a big step in the
right direction. Further refinements and improvements can make this

a viable tool in analyzing management policies for the Gir Forest.

Particularly intriguing is the possibility of testing a refined
incarnation of GIR3 against observed changes resulting from the
management interventions of the past ten years. Our model was

W)
\' -
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constructed by biologists familiar with the system and employed an
unusually robust data base. Model refinement and testing
predictions attendant to management history against observed changes
would constitute a significant and unusually powerful use of systems

analysis for wildlife and wildland policy development and management.
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A Spatial Model of

Sage Grouse
Habitat Qualit'y1

Robert A. Nisbet, Stephen H. Berwick, and Kenneth L. Reed?

Computerized cartographic modeling of sage grouse habitat can
predict probable lek sites. Habitat factors identified in data analysis
of 4] lek sites were mapped, digitized, and processed to show areas
of probable lek site location. Future invasion pathways of pinyon-
juniper woodland were simulated to further screen unsuitable areas to

prioritize management.

INTRODUCTION

Sage grouse inhabit upland meadows and valleys in
much of the Great Basin of the western United States.
Sagebrush (Artemisia spp.) is their preferred habitat, and
sagebrush (along with forps) is the primary food of adult.
Sage grouse are linked to traditional and localized
wintering areas and spring strutting grounds (leks) where
mates are solicited. These arcas are relerred 10 as
wintering - nesting complexes by Wallestad (1975). These
complexes also include brood-use areas usually located
within 2 mijes of leks (Wallestad and Pyrah, 1974; Glll,
1975). Broods are greatly dependent on highly nutritious,
succulent forbs to susiain them during their {irst months of
life. As these forbs dry out during summer at the lower
elevations, sage grouse and their broods move upward in
elevation. During this time mountain meadows become
very important to sage grouse survival (Oakleat, 1971).
Sage grouse are known to be negatively affected by
sagebrush removal and will abandon strutting grounds,
brood-use areas, and wintering grounds i adjacent habitat
is disturbed (Braun et al.,,1977). They apparently cannot
adjust to land use patterns in which large tracts of
sagebrush-grassland vegetation type have been eliminated
or greatly disturbed (Patterson, 1932).

Recent population trends in Nevada/Utah indicate
that sage grouse populations are either stable oc increasing
slightly (Molini and Barngrover, 1979). However, data for
the distribution of upland game animals are generally less
reliable than those for big game species for several
reasons. Upland species are smaller than big game animals
and, therefore, more difficult to observe. In addition,
management of these species is usually less intensive than
for big game, resuiting in less time and effort expended in
field surveys. The distribution of sage grouse in large
areas of its range is unknown or uncertain.

HDR-System Sciences conducted a sage grouse lek
characterization study during the summer of 1980, The
objectives of this research were to describe lek sites in
terms of their major environmental characteristics, *0
compare these leks with selected non-lek sites, and W
ascertain through that comparison whether sage grouse
seiect lek sites based upon one or a combination of
environmental parameters Jocated in obtainable data bases.

The results could then be used to narrow the amount of’

unsurveyed sage grouse range requiring search to locate

1Paper presented at the Third International Conference on
State-of-the-Art in Ecological Modelling, Colorado State
yniversity. May 24-22, 1982,

Senior Ecologist, Chief Scientist, and Chief System
Scientist, respectively, HDR-System Sciences, Santa
Barbara, CA 9310L

previously undiscovered leks and brood-use areas. Mapping
high probability key sage grouse habitat wouid permit an
optimal placement of any future development project
fegtures in anticipation of on-site verification.” This
approach is consistent with the Habitat Analysis Procedures
developed by U.S. Fish & Wildlife Service (ESR 102, 1980).

METHODS AND RESULTS
Characterization of Strutting Grounds

Forty-one known strutting grounds were located
during June 1980 in 13 valleys in Nevada and Utah with the
help of Nevada Department of Wildlile field biologists.
Since the survey was done after strutting ceased, leks were
identified by the presence of dropping piles. Each lek site
was characterized by vegetation type, percent shrub cover,
visual obstruction, distance to escape cover, distance to
nesting cover, distance to topographical change, distance to
water, slope, and aspect (table I). Vegetation type was
classified according to standard BLM nomenclature. Visual
obstruction readings (VOR) were recorded for each lek, This
technique consisted of viewing a large wooden dowe] {rom a
distance of 4m. The length of the dowel compietely
obstructed by live shrubs was recorded for views | m and
1 dm from the ground. The "bird's eye view™ of the lek from
dm may be relazed to the preference by sage grouse suitable
Jek sites. Shrub canopy cover listed in table! was
determined by a line-intercept method. Ten sites adjacent
to leks were chosen to represent non-leks, and
characterized similarly to the lek sites (table 2).

Escape cover was defined as shrub vegetation at least
30 to 80 cm high. Substantial stands of big sagebrush
(Artemisia tridentata) were assumed to constitute suitable
nesting cover. Distance 1o nearest major vertical change in
relief may be important as a bufier against raptors on rock
outcrops and steep slopes.

Data Reduction to Determine Habitat
Preference by Quadratic Assignment Analysis

Some lek characteristics were categorical (e.g.,
vegetation type); other variables were measured on a
continuous scale (e.g., distance to water). Therefore a non-
parametric quadratic assignment analysis (Hubert and
Schuitz, 1976) was selected to analyze data to indicate if
sage grouse lek preference could be predicted by any
characteristic(s). A similarity matrix is defined f{or each
characteristic such that elemehts in the structure matrix
(Q) are set to | for Q,,, if both the ith and jth sites are leis
or both are non-leks; gtherwise Q.. = 0. A proximity matrix

(C) is defined for each racteristic, such that
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C..= D. -D, where D. and D, are distance measurements
(e'k., distancd’ to water] of leids in the ith row and the jth
column,

Comparison of the similarity matrices invoives cal-
culation of the simple observed cross-product statistic
(To)-

n m
l‘o '1!.:1 jEl C1JQ1J (1)

The statistical significance of the observed value
(o) is determined by a Z-test described in Hubert and
Schultz (1976). The Z-values presented in table 3 indicate
that only distance to water is significantly related to lek
presence. However, consistencies in other variables
listed in table | suggest that these variables may also be
important to sage grouse in selection of lek sites. For
example, no leks occurred on areas covered by pinyon-
juniper or on greater than 10 percent slope.

Table 3. Significance of faun in Table 1 {or defining sage
grouse lek sites’,

Variable 2
Vegetation T - 0.637
Aeg yPe 1.023
Percent shrub cover 0.63
Dist. escape cover - 0.278
Dist, nest cover L g’.ssaz,
Dist. topography change -

Dist. water : : - 2.990

lPercem slope and visual obstruction reading data were
not analyzed. ..

®*® 99 percent probability limits are « 2.57,
{95 percent probabllity limits are « 1.96).

Ferhaps the occurrence of 17 leks in black sagebrush among -

41 leks characterized may indicate a proportional habitat
preference for black sagebrush. Another factor which
might be important (and hard to characterize) is rainfall,
General observations by HDF. field personnel indicate that
leks are seidom, if ever, found on areas with less than 25
cm/yr rainfall. It is hypothesized that drier sites would
not support forbs long enough into the summer for sage
grouse brood-use. Therefore, all areas with less than 295
em/yr rainfall might be exciuded from further analysis.

Cartographic Modeling

Data maps such as vegetation types and water sources
were digitized and input to the computerized Map Analysis
Pacikage--MAP (Tomlin, 1980). This facility allows data
maps 1o be manipulated as variables in a spatial
configuration. Data maps are cell-based, in which dara for
each map are referenced to the centroid of each cell. Cells
should be assigned biologically appropriate dimensions so
cell size does not mask relationships such as lek size and

movements. Arithmetic (multiply, differentiate, etc.) or

combinative (cross-tabulate, clump, zover, etc.) operations

are performed on respective cells of one 10 several maps -

(depending on the operation cheien). The set of MAP
commands can constitute a high-level spatial analysis
language.  Spatial models can be programmed in MAP
language syntax. The command language allows multipie
overiay, screening, and mathematical and topological
analysis of spatial information. Any two or three
dimensional topological data can be stored in one or more
maps in the program data base. Al operations are
performed on these maps, producing output maps, which are
also stored and available for future operations. The values
assigned 10 each cell in the maps after processing can be
printed out on a scale of | 10 100 using print and overprint
capabilities of a line printer. Map categorles can also be
output as shaded polygons on a piotter, or as three-
dimensional plots.

Conventional rmaps are represented as Z-dimensional
arrays in memory and mass storage. This allows storage of
Cartesian coordinates and a category or value representa-
tion for each map cell. New maps can be created by
variously combining maps or map categories, and can be
referred to as output maps, .

Cartographic models are similar to algebraic evalua=
tions in which mathematical algorithms are structured to
solve complex problems. Nested parentheticais represent



intermediate solutions simllar to the intermediate map
analysis operations. Operational groups can be organized
like a flowchart (fig. 1) 10 produce a cartographic model
expressing a goal-oriented flow of spatial information.
These goals may include habitat quality modeling (Tomlin
et al, 1979), corridor analysis (Rasmussen et al., 1930) and
impact risk assessment (Thompson, 1977, 1979), and"fire
gradient analysis (Kessel, 1979).

A Sage Grouse Lek Preference MAP Model

For this study, the input maps generated as a result
of field data reduction were: vegetation type, elevation,
rainfall, and available water. Vegetation, rainfall, and
water sources were cbtained {rom resource maps; elevation.
was obtained from a 1:250,000 scale USGS quad, The
vegention input map is shown in figure 2. Factors
expressing lek preference in various vegetation types were
calculated externally to the MAP program by equation 2,

PV, = L;-/:v& (2)

where,

PV. = the lek preference factor for vegetation

Lv! s is the number of occurrences of leks in

vegetation type v

IL s the total number of leks observed in ail

vegetation types

PA' = the proportionate area of each vegetation

type.

According to table 1, leks were a3sociated with biack
sagebrush, (Artemisia nova) at 17 of 4! sites (4] percent).
Since black sagebrush constitutes only 7 percent of the
total area in Pine Vailey ({ig. 2), the fact that 41 percent
of the lek sites were located in biack sagebrush suggests a
preferential selection. The value of PV, for black
sagebrush was 6.2 compared to 1.7 for big sajebrush. The
rainfall input map was transformed into a rainfall mask
(RAINMASK) by’ exciuding all areas with less than 25 cm
rainfall per year. It was judged that these areas would not
support annual forbs for trood use throughout the spring.
This map was used for overlay as described below.

The vegetation map (fig. 2) consists of eleven
vegetation categories, each with an assigned code value.
These internal cell values were changed to PV. values (lek
preference factors) from equation 2 corresponding to each
vegetation type. This intermediate map was overlaid by
the RAINMASK map (see fig. 1) to produce a new map
showing only those PV, values for vegetation receiving
more than 25 em of Fainfall per year. This map is
illustrated in figure 3. Data in table ] show that leks were
not {ound in areas with greater than 10 percent slope. To
consider this in the model, a slope map was generated by
diferentiating the ejevation map, A slope mask was made
to exclude all slopes greater than 10 percent and the PV.
map was overlaid by the slope mask. This step resulted id
a map of PV. values corresponding 1o areas with greater
than 25 cm rainfall and less than 10 percent slope.

This slope exclusion was consistent with data shown
in table 1, indlcating that leks were not found in areas with
greater than 10 percent siope. This intermediate map was
then overlaid by a 7..TERMASK map (fig. 4) excluding ali
areas greater than 2,000 m from a water source. The
resulting map (fig. 5) represents levels of lek preference
based on the habitat variables characterized by preferred
vegetation type, rainfall, siope, and accessibility 1o water.
Cells with PVi ranging from 0 to 25 were accorded a low
suitability for leks, moderate suitability ranged {rom PV,
values of 2.6 1o 3.0, and high suitability was accorded td

PV. values above 5.0. Figure 5 also includes an area

bounded by Utah's Division of Wliidlife Resources estimated
range of sage grouse.

Such a habitat quallty model permits prioritizing of
costly search effort. Areas of high suitability for leis can
searched first. Areas of low lek suitability can be searched
last, if circumstances permit.

Selection ol Areas for Lek Management

A possible mitlgation to reduce impact of disturbance
in sage grouse range is to create lek sites in suitable
undisturbed areas. Crlteria governing selection of new lek
sites might include those described above as well as
projected habitat change. An important change affecting
3age grouse is the encroachment of pinyon-juniper woodland
into suitable sage grouse areas (West et al, 1979).

A prediction of pinyon-juniper woodland encroachment
was attempted using a rainfall map of Pine Valley, a
radiation load prediction mode] (Fumnival, Reifsnyder, and
Sieccama, unpubl.), and the estimated elevation of the cold
air lake, 1750 m (Ralph Holmgren, Desert Range Experj-
ment Station, personal communication). Radiation loads
predicted from latitude, slope, and aspect data were com-
bined with rainfall for each cell in Pine Valley. The
resultant rainfall-radiation values may provide indices to
heut load and moisture status. While this relationship should
be tested, Reed (1982) used a similar approach to model
forest growth and succession. We were unable 10 make a
thgrqugh evaluation of this relation, but some comparison to
existing vegetation was possible. Existing vegetation was
compared with the rainfall-radiation (Rain-rad) load in each
cell. The distribution of big sagebrush, black sagebrush, and
pinyon-juniper woodland with respect 1 the rain-rad valye
is given in figure 6. On the basis of this analysis, potential
pinyon-juniper habitat was assumed to include all areas with
a rain-rad value in the range of 15 1o 60 and sbove the cold
air lake. Pinyon-juniper woodland and sagebrush types
overlap in the 15 to 35 rain-rad range. Figure 7 is a map of
present-day sagebrush that is in the !5-35 range and above
the cold air lake. These sagebrush communities are
vulnerable to pinyon-juniper woodland invasion, hence figure
7 is a map of potential pinyon-juniper woodland. nau coid
air lake results from a sharp thermocline of about 20" which
often develops at night in Great Basin closed valleys.
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Temperatures below the inversion layer are sufficient to
cause freeze damage to pinyon and juniper trees after the
break of dormancy in the spring. .

Cells containing predicted new pinyon-juniper wood-
land were excluded from subsequent analysis. Lek sites not
excluded from the analysis (long-term lek sites) are dis-
played in fig. 8. The reduction in lek habitat can be seen by
comparing figure 8 to figure 5. This difierence is due to
projected invasion of pinyon-juniper woodland in sagebrush
communities. The obvious implications are that sage
grouse management must include control of pinyon-juniper
woodiand invasion into sage grouse habitat, or to avoid
creation of new lek sites in the invasion path.

DISCUSSION

Some variabies used in the analysis were discrete and
exclusionary, as in the case of elevation of the coid air
lake, others were continucus and their effects are
gradients of habitat suitability, viz. distance to water. In
addition, futrure prediction is possibie within the MAP
context. Since this analysis is a habitat analysis, it would
be amenable for use as a HEP model (ESR 102, 1930).
Another application of spatial habitat analysis s
identification of most probable locations for other efforts.
Searches for rare species can be optimized by spatial
modeiing.

The distinctions of low, medium and high habitat
preference in figure 6 are entirely based on vegetation
preference factor values calculated by equation | for each
cell. Berter modeis can be constructed by incorporating
other functional relationships. For example, Shurclitf
(1930) found in Australian arid areas that dominance,
diversity and total numbers in bird communities were
primarily related to vegetation physiognomy and life form
diversity. Wiens (1976) has shown that patchiness in Great
Basin bird communities contributes to the distribution of
species —again a demonstration of the importance of a
spatial analysis. Subsequent spatial models could be
improved by distinguishing various structural classes in
each vegertation type. Such a vege:ation structural map
can be made for arid and semi-arid areas by combining
vegetatlon type maps with classified Landsat images.
Preliminary HDR Landsat classifications for portions of
Utah and Nevada suggest that the major components of
signature variance are vegetation height and percent
cover, particularly on images with low sun angles,
Subsequent classifications of sage grouse habitat should
include measurements of average height and percent cover
by surrounding vegetation.

The present mode! was developed principally as a
methodological study. Identification of key habitat (high
probability) areas can be useful in minimizing impacts due
to development, project routing and siting. This model is
currently being modified by the inclusion of more recent
vegetation and precipitation data and additional field
observation. Extension of similar analyses 1o other areas
would require model validarion with additional fieid
studies, Such validation fieid studies are currently in the
planning stage at HDR, T
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Abstract:

The natural areas and their coustituent comunities which are significantly impacted by a

development project is commonly known a the “region-of-influence®. The {mpacts can be directly upon the
resources of concern (e.g. by scarification) or medfated by project-induced secondary impacts such as
changes in the density, mobility, or social charactaristics of an in-migrant construction worker popula-

tion which in turn changes levels of poaching.

This paper presents a computer-assisted method which manipulates and overlays mapped resource vari-
ables, calculates and overlays travel times from population centers, and impediments to 111egal expioita-
tion of game populations such as habitat cover and high-use recreation sites.

The resultant map of areas with high probability of 1
central Utah illustrates that areas at risk and of conce

mpacts due to the development of a coal-mine in
™ are

o sometimes counter-intuitive. The Juxtaposition of resources, disincentives, and access can require .
the integration of numerous factors which is difficult to informally discern for Aumerous sites.

o only a fraction of the area surrounding a site--in this case about 3% of the region described by a

circle with a 100-mile radius from the site of the devel

opment,

The integration of topography, different grades of roads, key resource areas and current uses much
wore accurately and expeditiously describes a real region-of-influence than the commonly used circle

which may well include diverse biomes and uses.

days and used currently available software. With a
total area normally considered within a region-of-
pay for such envirormental assessments {s considerable.

The procedure employed in this analysis took about two
focussing of attention om the small proportion of the
influence, the savings in time and money to those who

Environmental {mpact studies are of neces-
sity generally constrained to a portion of the
region within which a new project is to be lo-
cated. The portion to be studfed with respect
to a given resource can be termed the "Region of
Influence® or ROI. 1t {s a geographically de~
fined (mapable) area within which measurable
effects of a project will occur upon resources
that have been deemed significant by some pre-
vious type of magic. Ve all deal frequently
with the concept of an ROI; for example, the no-
tion of something happening in one's “nei ghdor-
hood" is analogous., We receive maps of a city
and its “surrounding areas® when renting a car.
But the criteria for defining such an area are
obscure and difficult to audit. Both the deci-
sion and the audit trail of rationale are parti-
cularly {mportant in siting projects with envi-
ronmental impacts. Experience with the process
and follow-on problems that devolve from a less
than rigorous determination of the ROl are par-
ticularly acute at this time.

The premise of this paper is that simplistic
and often unrealistic methods have heretofore
been used to determine a project's region-of-
influence for a resource {such as wildlife), or
family of resources with common characteristics
or defining variables ({such as Quality of Life
and Recreation). Such current methods include

the use of a circle of some arbitrary radius
which encloses numerous resources, land uses and
land tenure characteristics of spotty distribu-
tion. The region~of-influence 1s important to
def{ne because it {influences miny subsequent
activities such as level of amalysis, focusing
data collection efforts, reducing variability of
data and anulyses, bounding the regions or
strata within which extrapolations are  valid,
and enhancing the defensibility of the amaly-
sis. It {s a seminal activity in {mpact evalua-
tions because it {s a first step which, 1f not
carefully considered, results in wasted time and
money downstream. Ooes a circle drawm around
Denver imply a homogeneous region when 1t incor-
porates the disparate resources of the short--
grass prairie and the alpine fell-fields? Even
in the montane areas close to Denver resources
my be seasonally {naccessible and require many
hours of driving around closed mountain passes.

This paper {1llustrates a method by which
important mapped varfatles that determine the
vulnerability of a resource to project-relatsd
effects are overlaid and manipylated to generate
a region-of-influence which may not be
geometrically satisfying or contiguous but which
logically defines the region where a resource {s
at risk. Such socio-economic resources as Qua-
lity of Life or Outdoor Recreatfon may, for



exsmple, be defined by mappable variables 1like
the major economic activity (mining, forestry,
grazing, retail services, tourism), regions of
varying disposable 1income, ratio of urban to
rural population, recreational preferences and
SO on.

For wildlife resources we have disaggregated
the topic into more homogeneoc: and analyzable
strata such as upland game, waterfowl, carni-
vorous and herbivorous furbearers, and sersl and
climax ungulates among others. If detail {s re-
quired, a featured species is examined from each
group. The mapped varisbles for wildlife re-
sources which can be employed in the computer-
assisted analysis include:

° Travel time/distance up to two hours
from the project after which travel
decays rapidly (Sutherland, 1980)

e Location of key winter range or habitat
sui tability index maps

° Relative attractiveness of species
under consideration for the region
(Kellert, 1980) ,

. Yulnerability of the animals within
different habitat types used

° Disposable time for human population
units within two hours drive of the
project site(s)

) Differential effectivcness of enforce-
ment

] Land use activities which modify wild-
1ife exploitation (enerqy devel nts,
attractive recreation sites, etc.

) Road network

° Increasing or “healthy” populations

e Decreasing or “unhealthy” populations

While some of these reflect detailed know-
ledge often not in-hand when ROI determination
is required, some useful data are generally
available in-house. The process of data collec-
tion will make an update of the ROI possible
during the course of the assessment.

The maps are digitized and each map file s
accessed to HDR's Cyber computer for manipula-
tion and overlay by using a “Map Analysis Pac-
kage” (MAP) software.

We believe that such a technique (cf. Figure
1) developed to address a recurring need which
has been consistently neglected, demonstrates an
ability to apply sophisticated techmology and
long experience to envirommental amalysis and
problem solving.

STUDY AREA AND METHODS

The study site (Fig. 2) was selected because
the necessary data were available {n-house and
the wmine 1is typical of the genus of projects
which will confront resource managers over much
of the western United States until the turm of
the century. The Sagepoint/Dugout Canyon under-
ground coal mine seemed to constitute an in-
structive paradigm which could maximize the im-

plications and ut{l{ty of the analyses described
in this paper. Streeter et al. (1979) note that
roughly 77 percent of coal recoverable by sur-
face stripping and over half of all coal re-
sources in the United States are in the west.
Larry Dalton, the state wildlife biologist in
the area, noted that employment in the Price
ared has boomed--235 percent over the past
decade. The mine considered in this paper is
owned by the Sundeco Coal Co. (Sun O11) and is
touted as the largest underground coal mine west
of the Mississippi. Construction will begin in
1983 and esploy about 1,000 workers during its
operation. The secondary {impacts of construc-
tion and operations will add to the regional
effects of over 40 coal and 200 uranium mines.
The impacts will be added to the cumulative im-
pacts of such regional energy-related development
which, for exsmple, has led to a 250 percent in-
crease in game law violations (1972 to 1977) at
a time the total population increased by 45% and
numbers of enforcement personnel remained con-
stant. Daneke et al. (1982) have demonstrated
the potantfal for increased poaching in nearby
nining construction regions of Colorado where
250 violations occurred for each 1,000 1nmi-
grants.  Further, these reported violations
represent less than 1/100 of actual 11lega) big
game kills!

The roughly 5 x 10 km mine plan area is
about 24 ke eastnortheast of Price, Utah and
occupies diverse habitats ranging from desert
shrub of the Upper Sonoran zone to the montane
Canadian life zone. The usual activity centars
for such developments are represented at this
site in addition to a rail line, about 25 km of
improved road and a 9 km conveyor belt.

This amalysis describes a region of in-
fluence within a two-hour drive of Price, Utsh
and focuses more on the indirect off-site ¢a-
pacts—particularly poaching.

The Map Analysis Package (MAP) described be-
Tow was used to perform the analysis depicted in
the flow diagram (Fig. 1). The logical flow in-
vlves obtaining resource maps from the state
wildlife agency, and using available travel maps
for locating recreation sites and roads. These
mips are entered into the computer (the HOR (DC
Cyber 170-730 system with 2.6 megabyte memory
and 8 billion bytes of disc storage) by an elec-
tronic stylus at a digitizing board. The data
can also be manually entered cell by cel) by en-
tering a defined integer value (e.g., a "3°
which represents dirt roads with vehicular traf-
fic averaging 30 mph) for each row and columm in
the matrix. The number of cells and the mep
distance represented by the cell dimensions are
selected as appropriate for the scope and level
of the project and resources. Cells can be 4
meters on a side for wintsr range analyses or 4
miles on a side for regional anmalyses. The
present example employs fifty cells 4 miles on a
side. The inftial region upon which the more

refined analyses were conducted was
arbitrarily selected to be one hundred linear



The combination was done by creating maps by
the “INTERSECT® command, combining the recrea-
tion mep with specific categories of the wild-
1ife composite map. A1l “Jow proability” maps
were then added onto one mep by the “COMPUTE®
comand. The same operations were used to
create moderate and high proability meps.

RESULTS

A glance at the l-hour travelshed (Fig, 3)
{1lustrates the real world incongruities and
patchiness between the predicted region-~of -
influence displayed in Figure 2, and one deter-
mined by a spatial analysis of several salient
varfables of the resource. It is

] not circular or square but ameboid,
reflecting the differences or "fric-
tion® in travel on different routes

° note entire but fragmented--some aress
very close to the mine site are not
contained within the travelshed

° not symeetrical but dominated by grea-
ter cese of travel in the more de-
veloped western front of the Nasatch.

The 2-hr travelshed reflects the same re-
sults. Neither travelshed resesbles most ROIs
in current use. The senfor author has partici-
pated in studies which show that roughly 2/3 of
the legal hunting in western Montana was done
from roads (Taber, personal comunication). We
assume that an even greater proportion of {11-
legal hunting 1s road-bound and thus the analy-
sis does not address foot travel distance.

The area within the 2-hr travelshed repre-
sents about 28% of the orfginal study area. The
1-hr travelshed 1s less than 5% of the base
sap. The reduction in data collection necessary
would result in lower cost to the client and
greater accurscy and defensibility of the evalu-
ations--both presumably related to a more fo-
cused and surgical analysfs. It is interesti
to note that extensions (of the 1-hr travelshed
forming the 2-hr travelshed occur primerily in
the north, south and west. The ROI is not ex-
tended further into the Roan Cliffs area due to
lack of road access. A glance at the wildlife
distribution (Fig. 4) {ndicatas abundance of
wildlife species in the Roan Cliffs area, dis-
tant from currently designated recreation areas
(see also Fig. 6). These striking results augur
well for the suggestion of certsin mitigative
measures, such as designation of refuges or con-
trolled hunt areas.

When the fish, wildlife and recreation re-
sources (Figs. 4-6) are superimposed upon the
travelshed a further reduction in the R0I is ac-
compiished. Figs. 7 and 8 graphically {llus-
trate that when analysis addresses the most vul-
nerable resources within daily comeuting dis-

tance the analysis effort will be greatly reduced.

The most compressed ROl (less than one

hour, greater than 2 resources, no popular re-
creation sites) represents only about 3 percent
of the study area (Fig. 8).

CONCLUSION

Further, because of consistent inclusfon of
representative variables, the small ROI s rela-
tivaly homogeneous lending (after the additfon
of vegetation data essentfal for homogeneous
strata) to reasonable extrapolation of data and
the broadest utility of analytfcal results.
Such an ROI determination will aid in winiwmizing
the need to artificially Tump different and of-
ten incompatible resources when aggreqating pro-
Ject effects and {mpacts prior to ranking alter-
native project configurations. By using such
methods as suggested herein, the ROI determina-
tion has, in effect, become part of a sample
stratification process prior to the beginning of
the enviromsental assessaents.
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miles on each side of the proposed
Sagepoint/Dugout Canyon Mine. Sutherland (1980)
has shown that about 755 of all fishing and
boating trips occur within 100 miles of the
population centrcids in  three northwestern
states. The 1:1,000,000 resource maps used were
obtained from the I'tah Department of Nildlife
Resources and Utah State University.

The Map Analysis Package is software de-
veloped in PASCAL from the original IMGRID pro-
gram developed at MIT and Yale (Tomlin et al.
1983). MAP receives cell-based data and various
commands generate automatic overlay, cross-
tabulaticn, manipulation, reclassification and
transformation and other mathematical treatment
of maps. Modeling algorithms can be developed
from cosmand structures as noted below. Most
spatial data are amenable to MAP analysis, One
example of fts utflity was in predicting the
location of unsapped sage grouse leks by mani-
pulating those habftat variables which a multi-
variate statistical analysis of data from 4]
known lek sites had deemed most {mportant in
solectior,l of the sites by the birds (Nisbet et
al, 1%81). .

The CPU space required for the roughly 7,000
1ines of code 1s about 50 K and for the matrices
2.5 X (50 x 50 cells) times the two or three
maps used. The ability to pack arrays is a very
useful feature of PASCAL. We are therefore able
to forecast near-term use of MAP on current
generation 16-bit micro computers.

MAP  differs from early overlay-assisted
analyses such as that developed by McHarg (1968)
in these significant ways:

] Methematical manipulation and trans-
formation of data, often to abstract
but useful indicators such as contours
of habitat quality, is possible. For
examle, friction or impedence to
travel based upon behavioral reactions
to a disturbance can be mapped as can
the geometry of slopes.

] Quantitative indications of cumulative
impacts can be displayed in space. The
reader 13 not required to gauge the
summed colors of several overlays as in
the more subjective analyses.

° Performing such tedious and time-con-
suming calculations as travel time by
intersecting grades of roads with speed
of travel ("friction”) can be quickly
accomplished by the “SPREAD® command.

@ MAP can be used to model with carto-

aphic {nformation. Berry et al.

1980) wused MAP to predict timber

felling breakage employing maps of

slopes, tree diameter, height, volume

and wood defect weighted by appropriate
regression coeffictents.

To operate MAP, data can be cntared by the
cell (“POINT* cosmand), the row (°STRIP® com-
sand), or by an entire map (“GRID® command)., If
digitizing facilities zre avaflable, output
files can be formated to be read into NAP, using
the “READ" command. To perform data manipula-
tion and overlay, various travelshed maps were
created by the SPREAD command. SPREAD operates
on a “resistance map" of cells containing the
travel time (in min/wile) across the cells
representing roads with various speed limits.
By spreading "thru® the resistance map, a tra-
velshed map can be created containing all cells
within & specified travel time from a starting
point (Price, Utah, Fig. 2).

Composite resource maps were made to indi-
cate wildlife resources (number of specfes),
fishing resources (Class I, II and [Il streams
and water bodies), and popular recreation areas
(presence). It was assumed that the probabdbility
of poaching was directly related to the proxi-
nity of wildlife abundance and fishing opportu-
nity, and {nversely related to the proximity of
popular recreation areas.

Various travelsheds were combired with
varfous resources to predict low, moderste, and
high probability of poaching fspact. The fol-
Towing arbitrary criteria were used to assign to
cells estimeted Tevels of poaching-related im-
DICtS.

° Low probability of impact (most ex-

panded ROI)
-  Popular recreation sites in cells
plus,

. 0 or 1 (key range) species
within the 2-hour travelshed,
or,

. No recreation sites plus 0 -

species in the 2-hour travel-
d

shed.
[ ] Moderate probability of impact
- Popular recreation sites in cells
lu’.

'.’ 2 species’ in 2-hour travel-
shed, or,

. 3 species within the 2-hour,
but beyond the 1-hour travel-
shed, or

. No recreation sites in cells
plus 1 or 2 species within
the 2-hour but beyond the
1=hour travelshed.

o  High probability of impact (most com-
pressed ROI)
- P;pular recreation sites in cells
us,
'.’ 3 spp. within the 1-hour
travelshed, or
- No recreation sftes fu cells plus,
. 3 spp. within the 2-hour
travel shed, or
. 2 spp. within the Il-hour
travelshed.
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FIGURE 1: LOGICAL PROCESS IN THE MAP EVALUATION OF
REGION-OF-INFLUENGE AND PROJECT IMPACTS
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Figure 2. Predicted region of influence on 'wildlife resources for the Sage-
point/Dugout Canyon Mine.

. vt(o"y



UTAK . ! -, &‘\ *ésf o/ & 30 ‘
s - - ¥ . -
2 7 P yb ‘\ Y 3 .
\ 1 T ee o0
\‘ /] ') ! SCALE
\ ] .
- / ! I 0 0 20 0 €0 miLes
It e SR et e
= ) 10 0 0 e W 80 100<ILCMETERS
[ ) / [\OGDEN J

-
-

- ——

SALT LAKE cu'v‘
u.'rso
we

rras, :.gr-'--"\. T2t so Ralare .
hiilalliw | Lass L‘Ll\'.. "Lu ‘.

Of WILBLICE RUISCURCES For T
SAGUPONN/DBEQCUT G

[--r:: ‘.’: :'-o\l-'

RS

GRVOIT [T

.-“

s %0
&.
R [N
Y
r-—— U)o o o -—— e -
Lol
[ X
: peagend ! .
: e I -
: : s Tl ot
Y. MILEOAD, !.-".'-.-' e e e e S I S S = =
_______ ——r. o rtenn ) o
* 3
'/ ‘ » "‘~
\'J .o J‘ J‘_\,-'
L) -
by p ' ) J
N S UTAH ;
o-’( f CLDaN Cl‘_f' ’..
p— 4 .
T -' "‘ ! —————.--—J‘
o e S e " — . - ————— = — e
S ;
“
s~/
s
\~’.‘ /’
! US & ——
e — ! A '..:J
o T 7o

&7

C AT S 0

] .
A o ¢ & Sm=EE—u—S 6 &

.

-8

=1

e



Figure 3. Central Utah study area for RO! determination.
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Figure 4. Two-hour travelshed from Price, Utah.
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Figure 5. One-hour travelshed from Price, Utah.
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area.
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Figure 7.

Class I, II, and III aquaiic resources in study area.
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Figure 8. Recreation sites of study area. National parks and monuments (1 -
dots), National Recreation Area (2 - double dots), State Recreation

Area (3 - dash), Campgrounds (4 - double dashes), and Ski Area (5 - %

slash)
\)(\5



+++ 000000000000000000
+++ 000000000111111111
+++ 123454789012345553

SYMEOL UALU%

O e e 0 ® & 0 0 o ® 1
:::::::33: 2
ey emm - - 3
EBECm o 4
LI/ 77 7/ ?

\©

2RRADDDDDD43

2012345
o an s e

787201234

0000000000
23333343444
S46/6320123

00000000
4

° " 9 .."":. °° : - 002
I ORELETTI 1853
_JEaN‘4n__; T L 005
» | ¥ l006
' 2 -2 007
| - | 285
| | 010
| o Y 011
coores| I
| ngm' H 013
c1ia
| 'o:s
I 014
| 0127
| . o108
| . '019
020
| 021
—_—d o2
- j " Y on3
)¥ [ 024
o . 025
o/ 024
) o227
3 - 'oza
N~ T ——— N~ 029
o) : ] o3o
. '8:35-%
G I 033~
o\o ) 033
4 > '035
: 036
037
/ 'oza
170 Uss 8 039
' -l< ' 040
A iz Y o421
v N Sig 1833
= 4
== S 4 023
WA Ne—— 183
9 e o ()
Pr e o g . | 047
7 ® & : 048
.o l039
— [ ] [ 000
0000N00000000 000000V0C0000000 +++
2222222222333333333344444444445 +++
1234567890;2345678901234567890 ++4
6735-A
LAREL ‘HO.OF CEL!.S PCT gF
2 ;6 9i°83
v X.0
34 1.36
17 C.a8
21 0.84
S . 0.20
OTAL NO. Or CELLYS = 2500

00000 +++

4444445 444

4SSE7BY0 4-++
—— 001

B

,,4\‘\/:

A



Figure 9. Low impacts/most extensive ROL
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Figure 10. Moderate impﬁcts.
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Figure 11. High impacts/most condensed ROI.
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