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ABSTRACT

Assistance to Ceylon Mineral Sands Corporation 
____________ DP/SRL/78/031______________________

CMSC has been producing ilmenite since 1960 and of recent years, rutile 

and Zircon at Pulmoddai, Sri Lanka. Assistance was given as an institution 

building project in maintenance, laboratory procedures, ilmenitej upgrading, 

upgrading of existing operations, materials handling and future planning. 

Improvements were achieved in many fields.

CMSC has a rich deposit, utilized mainly in the manufacture of tl-oxide

pigment. It is already an important industry but is nowhere near achieving

its ootential which involves Better maintenance, operations, product 
.and

handling, marketing,/proposed new plant,but mainly upgrading of the la* 

value ilmenite product to more valuable intermediate products such as 

artificial rutile, titanium slag5or,the end product,tl-oxide pigment.

A number of future scenarios are examined and the one showing most promise 

involves pre-reduction of the iron content of the ilmenite, then electro 

smelting to produce raw iron and titanium slag. The latter is treated by 

the sulphate route process to make ti-oxide pigment. Phosphate fertilizer 

is made as a by-product using phosphate rock from Eppawela, sulphuric acid 

and waste acid from the sulphate plant.

Trincomalee has special advantages as a s11e for such a plant 1n waste 

disposal, and good harbour, water and power facilities.

Work remains mainly 1n establishing the technical feasibility of the 

process*, however certain conditions should be met before committing further 

funds.
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- : 'C9WCLDSI0itS: AND RECOMMENDATIONS

(1) Sri Lanka has one of the worlds richest deposits of mineral sands utilised 

mainly in the manufacture of titanium oxide white pigment which, in turn, finds 

its way tnto paints, enamels, plastics, paper, artificial fibre, ceramics and 

numerous other products.

Indicated reserves are in excess of

12 million tonnes tlmeniteCFe TtO )
2

1.3 million tonnes rutile (TiO )
2

1.3 million tonnes zircon CZrSfO )
4

(2) Mineral sands exports are already an important industry by developing 

country standards but the full potential is nowhere near being realized. 

Realizing this potential involves

(a) Upgrading maintenance

(b) Better shipping arrangements.

(c) establishing a wet gravity upgrading and wet magnetic separation plant 

CWGU & WMS plant)

Cd} tidying up management procedures

Ce) a rise 1n morale at Pulmoddai, and better worker participation 

(f) marketing

Cg) converting the ilmenite into more valuable products such as artificial 

rutile, titanium slag or, ultimately, ti-oxide pigment.

C3) The process of commissioning the plant was completed. Serious rutile losses 

were eliminated and zircon was made to standard grade. Premium grade 1s 

possible. The Met Gravity Separation Plant and Dry Mill, first commissioned 1n 

1977, now work to design specifications although there are still problems with 

the former. A higher grade feed, anticipated from the !1GU A WMS Plant, will

largely solve these and allow higher zircon recovery.
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(4) Marketing of the products isn't satisfactory either in terms of tonnage 

disposed of or unit prices.

(5) There are immediate and long term problems with product handling. The 

shipping jetty is in danger of collapse. The short term solution appears to 

be a bridge for the Yan Oya crossing so that the product can Be road carted 

to Trincomalee and loaded there. A further report from Mr. G.K. Jones,

Expert ir Materials Handling is to be made.

(6) There is a lean period ahead as production must fall due to the exhaustion 

of "non-magnetic tailings" stockpiles. The WGU & HMS plant must be commissioned 

before production will pick, up again.

(7) CMSC is jeopardising its current ilmen-'te market By mixing together the 

ilmenites emanatiny from the dry magnetic separation plant and the dry mill. 

These products are suitable for two different purposes.

(81 The fiGU & WMS Plant should Be mobile and follow the mining operations if 

the Building of a nevr power 1 ine is- to Be avoided,and power costs are to be 

reduced. Even so, power factor correction will be necessary.

(91 CMSC needs to estafilish. its reserves through an internal exploration 

division and investigate future mining areas for potential separation and other 

problems.

O Q L  Mr. Kings preventative maintenance programme should be completely 

adopted.

O I L  Changes are necessary to the combustion system of thè main dryer DR401 or 

1t may become unworkable.

0 2 L A number of possible future: development scenarios were examined and the

j
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one
/showing most promise involved ore reduction of tfie ilmenite, then electro 

smelting, then sulphate route pigment production. Raw iron and phosphate 

fertilizers are by-products,the latter emanating from phosphate rocks at 

Eppawela. Capital involved is of the order of $300 million. The products are t

85000 tpa ti-oxide white pigment 

52000 tpa raw iron

2600Q0 tpa super-phosphate fertilizer 

worth about $200 million.

(131 For such a scheme CMSC will need a foreign partner(sl for capital, 

expertise and marketing. A profit sharefng arrangement should be possible 

with the partnerCsl. patting up most of the capital.

C141 Much work remains to be done, mostly in establishing the technical 

feasibility of the above scheme and establishing a proposal for a foreign 

partner. CMSC should enter negotiations well prepared and well advised.

(15). There is scope for more UN involvement and potential for a major export 

industry for Sri Lanka But the UN may* want certain assurances on the 

utilisation of its outputs and other matters Before committing more funds.

(161 Without an upgrading facility'of its own the future market for Pulmeddai 

ilmenite may gradually diminish-
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INTRODUCTION AND BACKGROUND INFORMATION 

Location and Products

The Ceylon Mineral Sands Corporation (CMSC) operates at Pulmoddai 35 

miles north of Trincomalee on the north east coast of Sri Lanka (Ceylon). 

Operations conmenced in 1960 in the first instance extracting only 

ilmenite but in the late 70's considerable tonnages of rutile and zircon. 

Its present production capacity is :

These rutile and zircon figures however cannot be maintained with 

existing equipment since current production draws on non magnetic "tailing" 

stockpiled over previous years from the ilmenite operations. Sustainable 

figures are about half the above.

Sales of ilmenite have declined and 30,000 - 35,000 tonnes has been the 

range in recent years. Previously an excess of 80,000 tonnes per year was 

sold. Recent sales prices realised are:

75,000 tonnes ilmenite

15,000 II rutile

7,500 " zircon

(per annum)

Rutile $ A 256 (.Australian) FOB

Zircon $ A 30

Ilmenite % US 17.50

Current market prices are:

Zircon $

Rutile $ 2

Ilmenite $

see appendix 7



These prices, howeyer, yary with, grade and time.

A major investment was the dry mill wet gravity separation plant 

for rutile and zircon production constructed in 19.77 with, technical 

assistance from the Australian Mineral Development Laboratories-CAMBELL.

Operation

Mining is by means of tractor trailers collecting wind dried sand 

previously deposited in wind row-s by drag line excavators. These work 

only on the beach which assays about 85? heavy mineral. Most of the 

HM is ilmenite but there are valuable amounts of rutile, zircon and 

monazite.

Tractor trailers deposit in a large holding shed via a weigh bridge 

and from there the mineral is fed by front end loader to a dry magnetic 

separation plant, separating the magnetic ilmenite from non-magnetic 

rutile, zircon and partly magnetic monazite.

The ilmenite passes to a large go down (storage building) of 50,000 

tonnes capacity. The "non magnetics" passes first to the wet gravity 

separation plant for removal of quartz and other light minerals then to a 

concentrate storage shed for intermediate storage and draining. Dry 

milling is the next stage. The mixed minerals are dried, then separated 

into the mineral constituents by means of their different electrical 

conductivities, magnetic susceptabilities and specific gravities. There is 

an intermediate stage of wet gravity separation in which remaining quartz 

and "others" are removed.

Rutile is conducting and non magnetic. Thus it is separated from

9
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remaining ilmenite, conducting and magnetic; and zircon, non conducting and 

non magnetic; monazite, non conducting and partially magnetic and so on.

Rutile and zircon products pass to separate go downs of approximately

12,000 tonnes capacity each. See appendix 1

Shipping

A single 20 inch conveyor system connects the go down to a 900 foot jfcfity 

with water deep • enough to load flat bottom barges of 100 tonne and 200 tonne 

capacity. The Corporation has a "shipping fleet" consisting of 3 tugs and 

6 of 100 tonne and 200 tonne capacity flat bottomed dumb barges with removable 

hatch covers.

During the shipping season, from April to September inclusive (but 

somewhat variable) medium sized ships call at Pulmoddai and anchor about a 

mile off shore. The barges are brought alongside and their bulk mineral 

contents transferred to the ships hold by mechanical grabs operated by ship 

derricks.

A minor amount of mineral is shipped in paper sacks of 50 kilo capacity. 

When this happens the bagging is done in the hold of the barge at jetty end 

since no facility exists for bag material handling. The bags are transferred 

to the ship by cargo nets filled by hand labour and then re stacked by hand 

labour.

Pulmoddai is an open coastline with no protection from wind or sea. So 

rain or sea conditions precludes shipping in the October - March period and 

sometimes interferes with shipping during the so-called shipping season.
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Facilities

Also at Pulmoddai the Corporation has a laboratory for chemical and 

physical analyses; mechanical, electrical, carpenters and mobile equipment 

workshops; a necessarily well stocked store; an administration office; and 

two housing complexes, north and south for officers and workers 

respectively.

/

All of these facilities are connected to power and running water, 

although the latter is not potable. The water comes from wells and from a 

water treatment facility fed from a 4 mile canal system from an anicut 

(small dam) on the Y3n Oya river.

Water Supply

A 10 inch asbestos cement pipe line, 6 miles long, conveys the water 

to a 200,000 gallon (imp) elevated storage tank at Pulmoddai. The water is 

hard during the dry season from February to September, most of the 60 inch 

rainfall occurring during the October to December period during the north 

east monsoon. See appendix. 9 « 11

Power supply

Power is supplied by the Ceylon Electricity Board from hydro schemes. A 

33 KV,50 hertz power line was constructed in 1976, predominantly for the 

Corporations needs, and takes a round-about 46 mile route from the 132 KV 

supply at Trincomalee to the Corporations 3 MVA substation at Pulmoddai 

which. incorporates automatic tap changing transformers capable of accommodating 

a 1535 supply-voltage drop. The line however could not supply 3 MVA without 

excessive line losses and a yultage drop beyond the 15% capacity. The CEB
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has recommended that to obtain 3 MVA, another 33 KV line must be run in

parallel (by a more direct route) to the existing line at a cost to the

Corporation of approximately 12 million rupees. There are however, means by 

which this can be avoided at less cost especially if power drafts are kept 

low.(Appendix. 8 &)

The currect peak power draft is about 1100 KVA, 720 K.W., but will grow 

dramatically with proposed new plant. Until a few years ago unit power costs

were low by world standards at 0.12 Rs./unit, but have escalated since due

to the cost of imported fuel for emergency gas turbine generators and the 

capital costs of ;new hydro schemes which will greatly expand the countries’ 

generating capacity, currently a low 440 MW.

Due to poor rainfall seasons and rapidly rising electricity demand there 

have been power cuts which are likely to extend to 1984 when the large hydro 

schemes are due to come on stream. At that time unit costs will remain high 

because of the large capital cost of the schemes. An estimate of Rs.1.40 /unit 

has been given, (see appendix ^b)

The Corporation has its own emergency power generators^ twin 750 KVA 

Diesel sets, but fuel costs are high and the sets have not been properly 

commissioned by the suppliers.

Comnunications

Pulmoddai is linked by sealed road to Trincomalee and via Medawachchiya, 

to Colombo. The Road to Trincomalee however, has two ferry crossings, the 

second of which can be avoided by a short detour containing some 2 miles of 

grayel road, The first is a Iqw capacity hand drawn ferry.



Trfncomalee has- an excellent natural harbour and was previously a 

major British. naval Base, Many storage and handling facilities remain from 

those days.

.13

-■Administration

The Corporation has a head office, in' Colombo for administration, 

purchasing and, prev iously, sales. Sales are now handled by the Tenders 

Board which advertises the products for sale by tender.

The Corporation is wholly state owned, one of 22 in the country 

including such corporations as the Cement Corporation, Steel Corporation, 

Plantation Corporation, Hardware Corporation etc.

CMSC has some 650 employees and is administered by a Board of Directors, 

a Chairman/Managing Director and a General Manager. There has Been a long 

standing association with, the Ish.ihara Corporation of Japan which remains 

the major customer.

v>iwiiediate PTans

In 197? the Corporation called tenders: for a wet gravity upgrading 

plant and wet magnetic separation plan (WGU & WMSJ and, separately, for a pipe 

line transportation system to supply material to same. This was on the basis 

of a tender document drawn up by previous- consultants. The purpose of this 

plant is to allow the lower grade *back‘ deposits to be mined as the beach 

deposits will eventually be worked qut. Also this plant can supply the 

existing dry mill /wet gravity separation plant to capacity (and more) and
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will replace the dry magnetic plant in this function.

Current Problems

The dry magnetic plants' machinery is largely worn out and spares are 

not available. These are the only machines of their type operating in the 

world. No tender has been awarded to date and old stocks of non magnetic 

tailings from the early ilmenite operations are nearly gone.

When these are exhausted rutile production must be cut by half until 

the new plant comes on stream, an estimated 18 months from award of 

contract. Zircon production can proceed from an approximate 60,000 tonnes 

of stockpiled material. Zircon however is a lower value product, so cash 

floff will suffer.

~8rtef description of Products and Uses

Rutile:- is a granular mineral, predominantly titanium dioxide T»0 . It is
. 2

used for making titanium dioxide pigment (ti oxide pigment) by the'chloride' 

process and is the major component of most welding rod coatings. It is also 

the main source of titanium metal via the Kroll process. For pigment and 

metal manufacture rutile is first converted to titanium tetrachloride, Ti Cl 

(nick-named'tickle^ by chlorinating with coke in a fluidized bed reactor. 

World production of rutile is some 360,000 tonnes.

Zircon:- is granular zirconium silicate Zr Si 0 , a smaller grained version
4

of the gemstone zircon. It is used for steel castings, for replacing silica 

sand in mechanized foundrys, for ceramics and refractories. A small tonnage 

is used 1n the manufacture of zirconium metal and zirconium alloys. World 

production is around 500,000 tonnes.

- 14
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Ilmenite:- a granular mixed oxide of iron and titanium, nominally Fe 0.T50

but of varied composition due to solid solution and partial oxidization of 

tfie iron content from ferrous to ferric iron. Most ilmenite is converted to 

titanium oxide pigment by the "sulphate route" process either directly, or 

after conversion to a high titanium slag with pig iron as a by product. 

Recently increasing amounts have been converted to ti*oxide pigment directly 

by the chloride process.

Another type of high titanium slag made from ilmenite is converted to 

ti-pxide pigment by the chloride process and to titanium metal by the Kroll 

process.

Minor uses are for adding to the iron oxide charge of iron blast furnaces 

for slag forming and protection of the linings; for ceramics, and for 

welding rod coatings.

Some ilmenite is now converted to artificial rutile (jttmenite upgradingI 

by removing the iron oxide content.. World production is around 4.!> million 

tonnes some of which is, strictly speaking, titaniferous-magnetite.

Monazite:- is the phosphate of the rare earth elements plus thoria, TW32.

Its uses are too diverse and numerous to list except to state that thorium is 

a nuclear fuel used in certain reactors which breed uranium 233 jfeom thorium. 

World production is around 20,000 tonnes.

Ti «oxide pigment:- the end product is arguably the most ubiquitous man made 

substance. It has only been produced since the early 20s but^.having shed some 

early undesirable properties, is now found in a wide variety of products;

2



paints, enamels, ducos, varnishes, opaqued plastics, ceramics, paper, 

rubber goods, artificial fibres, wall and floor coverings, printing ink 

and cardboard facing etc.

It is chemically inert, non poisonous and has five times the 

covering power of its nearest rival in the white pigment field. It has 

replaced its lead and zinc based rivals in all but a few specialised 

fields. World production is around million tonnes.

.16

It should be noted that rutile, ilmenite aid monazite are strategic 

minerals. Titanium metal production emanating from rutile and ilmenite is 

small (90,000 tonnes) compared with pigment production and only dates 

back to 1949fbut it is of vast military significance. In practice this 

strategic significance is more of a nuisance than a blessing as it leads 

to interference.

UNITED NATIONS ASSISTANCE AND INPUTS 

Introduction

The scope of the progranme is set out in project document, the budget 

and in the various position descriptions. Summarising

Scope of Project

A number of areas in the on going operations were seen as deficient. 

These included mechanical maintenance, laboratory operations- and separation

In addition a need was seen to determine long term strategy, meaning 

either better marketing for existing products or further processing of 

ilmenite to produce higher value products such as high titanium slag,
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artificial rutile or^ultimately, titanium oxide pigment itself. The 

latter is the end product, the others intermediate in its production.

The production of titanium metal was not considered as this is a 

high technology-and highly capitalized operation with sensitive overtones.

Whether the Corporation officials considered the UN teams functions 

as these is another matter. It was difficult to have a meaningful dialogue 

on long term strategy for a number of reasons, chiefly because the 

Corporation officials involved were in Colombo preoccupied with other 

matters and seemed to regard it as their business only.

Another major weakness identified was the material handling of the 

finished products i.e. ship loading.

History of Involvement

CMSC applied for assistance to the U.N. in 1978 to assist them with, 

their on going operations. This was largely at the instigation of a 

consultant who was instrumental in writing the job descriptions. The 

project was approved in 1978 and the first expert arriyed in the field in 

late December 1979. This was Mr. King, Expert in Engineering Services.

The Team leader, myself, arrived in April 1980. Mr.Walter Harrach, 

(Hungarian), Consultant, Electro Metallurgical Titanium Slag Production



Professorarrived in April 1980, for 2 months and wrote a report.

Seppo Wilska, Consultant, Titanium Dioxide and Synthetic Rutile 

Production arrived in 1980 for four months and also wrote a

report on his findings. Mr. A m o  Leskinen (Finnish), Expert in Mineral 

Processing Laboratory Design and Management arrived in October 1980 

and is due to finish his appointment in February 1982. Leave allowances 

will bring this back to December 1981.

My own term ends on December 8, 1981, but leave entitlements will 

bring this forward to late November. Total man month input will be

King 6 months
Little 20 months
Harach 2 months
Wilska 4 months
Leskinen 16 months

Total 48 months

A materials handling consultant^ also approved.

UN inputs are scheduled to end in December 1981 unless there are 

further developments.

18

INPUTS

Mechanical Maintenance

Mr. King drew up a scheduled maintenance programme which has been 

partly implemented. He concentrated on mobile equ\ -ment maintenance which 

is his particular field of expertise. He was not told to do otherwise. I 

feel however, the main problem is in the maintenance of the separation 

equipment where breakdowns and unscheduled downtime were affecting production. 

This situation has improved somewhat due to the maintenance programme
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and due to training the maintenance personnel. There is a severe shortage 

of trade skills due to poor training and lack of a mechanical background 

in the maintenance personnel. Many problems arise from initial poor 

trade work and snow-ball into major ones.

With the proposed new wet gravity upgrading and wet magnetic separation 

plant the need for mobile equipment maintenance is greatly reduced. This 

will remove a major problem as the foreman in the mobile equipment workshop 

does not hive the respect of the men who spend their time talking, sleeping 

etc., only coming alive for overtime. The problem has been pointed out 

«any times without results by Mr. King.

It is recommended that Mr. King^s scheduled maintenance programme 

be fully implemented.

Ilmenite Upgrading

Electro metallurgical Smelting - SLAG

Mr. Hfrrach's report is on electro smelting of ilmenite in electro 

furnaces using locally produced char as reductant to produce titanium 

slag suitable for either the sulphate route process or the chloride process 

for making ti-oxide pigment. He drew upon the results at a large scale 

trial smelting of CMSC ilmenite with Sri Lankan char at the All-Union 

Research and Design Titanium Institute, Zaporozhie, in the Soviet Union, 

performed in 1976 and on the results of a feasibility study carried out by 

a Hungarian organisation drawing upon the Soviet technology.



He estimates :he«m'>unt of pig iron produced as a by product and 

-compares this with the country's raw steel needs and gives an estimate 

of its composition. He sirtes that the iron material could be converted 

easily to the Steel Corporations* needs which are about 50,000 50,000 t.p.a.

Mr. Harrach concludes that the project is "feasible and competitive" 

but gives no cost estimates sc that this project can be compared withi 

the other possible scenarios in terms of capital costs, operating costs, 

balance of payments (.Exports or Imports), return on investment and so on.

Nor does he indicate how the problem of marketing is to be handled.

I have doubts about the feasibility of using char as a reductant. Sri' 

Lanka is short of timber and coconut char sells at a high price, according 

to a report listed by Mr. Harrach, My feeling is that anthracite coal of 

specified and known quality would have to be imported. Relying on a cottage 

industry for char would yield varying quality and there would be attempts 

to dilute the char with worthless material to increase its weight. Dilution 

with calcium and magnesium is serious for slag destined for the chloride 

process and the country has many limestone reefs' and lime soils-. For the: 

sulphate route process the presence of chromium and niobium is a problem.

Pigment & Synthetic Rutile

Professor Wilska produced a report on manufacturing ti-oxide pigment 

directly from ilmenite by the sulphate process and on making artificial 

rutile (upgraded ilmenitel from CMSC ilmenite. He examined a number of
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processes for the latter and giyes details of them hut favours the Benelite 

process, mostly on the basis that it is an industrially tried process.

Others have never been tried beyond the experimental or pilot stage.

He goes further and proposes a scheme for integrating the ti-oxide 

pigment plant with a sulphuric acid producing plant and with, a proposed oil 

refinery at Trincomalee. He points out that waste acid from the sulphate 

process could be utilized in making super-phosphate fertilizer from phosphate 

deposits at Eppawela. These deposits are currently exploited in a small 

way by mining and crushing the rock and selling it as a fertilizer. Without 

treatment by acid, however, phosphorous release to the soil must he very slow.(A^3

The oil refinery would provide sulphur if treating a high sulphur crude 

and could produce aiuncniuro for mixing with the super phosphate fertilizer 

for the manufacture of the more usual mixed NPK fertilizers incorporating 

the three main plant nutrients,nitrogen, phosph*rous and potassium.

Professor Wilska's report is though, and gives the theoretical back.- 

ground. Some comments

1) It is difficult to foresee both, a titanium dioxide pigment plant and 

a synthetic rutile plant. The latter is an intermediate product in producing 

pigment and is of much lower value, $ 200/tonne against $ 1600/tonne for 

pigment. Up to a point the economics of producing any coumodity improve 

with the volume of output. Conversely there is a minimum break-even size 

of plant below which, the operation would lose money. It is a-matter of

.21



22 -

examining the various alternatives to determine which is the best in 

this particular instance.

(2) Professor Wilsfca has dealt w->th the environmental aspects of the 

sulphate route pigment production and has suggested that much, of thè 

waste acid, normally one of the effluent problems, be utilfzed in making 

a necessary product, fertilizer.

The government of Sri Lanka should he clear about the environmental 

problem which has plagued sulphate plants overseas. The U.S.A. has not 

built a new sulphate plant since the early IDSC's and -many of the original

plants have been closed down, many due to stringent pollution control
■> ■'

requirements. Du Pont de Nemours, the worlds leading producer of Digment 

had moved entirely out of sulphate route production into chl^n^yftnienVteus^n^ 

as feed. The normal feed for chloride route production is rutile and Du 

Pont is one of only two companies which can handle the technological 

complexities of the ilmenite feed, and has the necessary integrated and * 

wide chemical industry base.

Sulphate route plants have been closed down by environmental agencies 

(at least temporarily) in Germany, Italy, Japan and France. In 1975" the 

EEC called for the phasing out of the process- by member countries by^1385.

This will not be done since the EEC has no powers to enforce its'call and 

many countries question that they have a genuine problem; but ft shows ~ 

how seriously the problem is taken in a world increasingly environment 

conscious.

Also the product (figment), is very nearly indispensable so environmental 

agencies usually content themselves with. 1 imfting outflow of pollutants. A



Thsmt. et Mulhouse plant in France has had an artificial ceiling placed on its 

output for this reason.

The problem, briefly, is that for each tonne of pigment made from ilmenite

(by the sulphate process} 2 tonnes of sulphuric acid (H SO ) diluted with
2 4

water; and 5 tonnes of hydrated ferrous sulphate, Fe SO . 7 H 0 known as
4 2

"Copperas" must be disposed of.YJhen dumped at sea, the sulphuric acid is not 

the main problem. As Wilska points out, sea water is -miUly alkaline from bi

carbonate ions and the acid is neutralized. The main problem is the copperas 

which oxidizes, when close to the sea surface, into hydrated ferric oxide, a 

fine red rust, forming a suspension which can affect marine life. When 

deposited into shallow water it stains the sea red and is washed up on the 

shore line as a red scum, particularly after heavy weather.

A way of minimizing this problem now adopted is to convert the ilmenite 

first to slag by the electro metallurgical smelting operation. The iron content 

of. the ilmenite is largely removed as a useful product and it is not necessary 

to add scrap iron to reduce the ferric iron to ferrous. Hence copperas effluent 

is reduced some 85 to 95X with the better slags. Also slag is more acid soluble 

than ilmenite so less acid is used and disposed of.

Slagging operations are carried out by Quebec Iron and Titanium Corporation 

(Q.I.T.), at Sorel in Canada, by Richards Bay Iron and Titanium (pty) Ltd. in 

South Africa, using Q.I.T. technology and at Zaparozhie as already mentioned.

Another problem is the sulphur dioxide (SO ), Sulphur tri-oxide (SO ) and
2 3

small amount of sulphuric acid given off to the air in the fina^ "calcining!? 

operations.

The east coast of Sri Lanka has a special advantage for the sulphate route 

process. This is the proximity of the continental shelf allowing '

- •:;23
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effluent to be piped into very deep water where the problems described are 

not likely to arise, and the single wind direction minimizing wind carry 

problems. Sri Lanka airports are built with only one runway.

3. It should be pointed out that chloride process producers claim that their 

pigment is of inherently higher quality. In their process titanium tetra 

chloride (tick-Je) is produced as an intermediate product. This is a liquid 

and is refined by fractional distillation to a high level of purity so that 

when it is reacted with pure oxygen there is virtually only titanium dioxide.

By contrast, in the sulphate process, many impurities in the ilmenite are 

taken up along with it into sulphuric acid, and follow the titanium dioxide 

into the final product. Also the addition of scrap iron adds more contained 

impurities.

Harmful impurities are chromium, vanadium and niobium, since they colour

the pigment. Nothing can be done about this except to put a limit on the

..aximum level of these impurities in the ilmenite used. The "Q,‘' grade of

ilmenite from Quilon in India lost most of its market when lower chrome.

ilmenite became available. Q ilmenite comnonly assays 0.15% chromium oxide,

Gr-0 .
2 3

Sulphate producers,however, counter that there 1s no real difference Between 

the pigments produced by the two processes, given good ilmenite feed. They 

dismiss the claim as a sales gimmick.

Foreign Partner

Wilska has, I feel rightly, pointed out that a foreign partner would Be 

almost a necessity. For the sulphate route plant package that Wtlska proposed 

capital of the order of $150 - $200 million would be required. Also necessary

'  ?4 *
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are expertise and, above all, marketing.

Pigment is made in at least 20 different grades differing in crystal 

structure, rutile or anatase type; grain size(normally 0.3 to 0.5 mitronsi; 

and after treatment. The after-treatments protect the pigment from 

photochemical reaction in sunlight which causes "chalking" and also from 

reactions with the various chemicals used in the different pigment 

applications.

Hence the customer needs high, class technical advice and probably . the 

assurance of buying a familiar brand name product. The producer needs 

research laboratories to investigate customer complaints and problems and 

to keep abreast of technical developments, partic ularly by rivals.

Neither the capital nor the expertise is likely to be available, in Sri' 

Lanka and the product is unlikely to be sold successfully by the tender 

board system.

Future Strategy Scenario

The Harrach & Wilska reports need tying together. Pour -future, strategy 

scenarios emerge.

1) Complete the proposed WGU & WMS plant and then stop large, capital input. 

Concentrate on marketing the ilinenite, rutile and zircon products as is.

Rutile and zircon have a market, if somewhat variable,and the i.Tmenite
v

is a reasonable product close to the southern European and Japanese markets.



Its’saie should present no great difficulty. S e e  13.

This strategy probably represents the greatest percentage return on 

capital invested, but Sri Lanka needs hard currency for its balance of payments. 

Processing of ilmenite to higher value products serves this need better.

Or get a foreign partner(s) and:-

2) install a sulphate route plant for processing the ilmenite to titanium 

oxide pigment. Utilize the higher concentration waste acid to convert 

Eppawela phosphate rock to superphosphate. Construct a sulphuric acid plant 

with excess capacity for the acid needs. The remaining production can form the 

basis of a chemical industry.

3) Additionally install an electro smelter to convert the ilmenite to high.
»

titanium slag ; and iron. Use the A r a m  for the country* now imported
A*>p. iz

steel needs (fairly simply arranged)v The sulphuric acid plant is again 

required and the same comments regarding waste acid apply.

4) Additionally to 3 install a pre-reducer to largely reduce the iron oxides 

content of the ilmenite to metallic iron. This requires imported coal but 

reduces the number of electro smelting units by 60%, reduces their coal 

requirements and reduces the electro smelting power draft by 60%.

These proposals are shown diagrammati cal ly in the appendix* 4,5, * 6

Each proposal has to be assessed for capital expenditure, operating
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costs and personnel requirements, the latter to include the various levels 

of skills. Also the environmental effects of each should be assessed.

Then the decision can be made as to which proposal best fits the 

circumstances and a flexible basis for negotiation drawn up for approaching 

foreign partners. I have attempted to do this as shown in the appendix but 

it needs more work. The figures are not intended to be final. One possible 

difficulty may be in obtaining Soviet technology but there ts the Q.I.T. 

alternative available,

A number of scenarios have heen rejected. These are listed with.brief 

reasons.

1) Sit tight. Dont do anything. Don't go ahead with the wet gravity upgrading 

plant and wet magnetic separation unit.

Not advisable because current rutile and zircon production, the-main cash, 

flow producers must drop by- half. This will make the operation marginal. The 

high grade beach reserves will eventually Be worked out and the existing plant 

cannot handle the lower grade reserves. Ilroenite sales will continue to 

decline, unless markets are actively sought.

2‘). Install more dry magnetic separation capacity. This briefly- solves the 

rutile and zircon production problem but not the high and low grade problem 

above. The present machinery is nearly worn out and is obsolete. It reqoires- 

more power input than wet magnetic separators of the same capacity.
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3) establish a synthetic rutile plant.

Wilska has examined many possibilities and rejected them. He proposed 

the Benelite process,But this has problems. The Kerr We Gee plant at 

Mobile,Alabama was closed down at least partly due to technical problems. 

A large benelite plant is being established in India and already, Before 

commissioning, the outlook is poor..

The commercial process with the best track record, the Western 

Titanium process at Capel, Western Australia may not Be availafile for 

licencing.

Synthetic rutile also is an intermediate product of-moderate yalue 

requiring an expensive plant and a high level of technology! the latter 

more so than for a sulphate route pigment plant. After 60 years of* 

operations most of the problems with sulphate route production are known. 

Any plant presents a problem in the comSssioning stages-, the sulphate 

plant probably less than for a synthetic rutile plant, all of which: have 

given problems on commissioning.

4) Establish a chloride route plant to make ti-oxide pigment from'Cuttle 

and llmenite.

The capital requirements are high, and the technology is known to only' 

two companies to my knowledge. They are not likely to Be partners. Also 

this-llmenite is not particularly suitable. 4 higher Ti Og is preferred. 

(See appendix 13)



A1though under US Law Du Pont de (lemours which developed the chloride 

process in the late 50s, has to licence its use by other companies, this 

applies only to the information available from patent applications. They 

do not reveal "tricks of the trade" knowhow and a number of companies 

have tried unsuccessfully to adopt the chloride process which is only 

superficially simple. Some have failed and some have been nearly Broken 

in the effort.

Team Leader/Expert in Mineral Sand Processing

The team leaders function is outlined in the job description and two 

tripartite review reports have been submitted. This is the final report on 

his activities.

However a number of extra duties were required. First the process of 

commissioning the dry mill and wet gravity separation plant had not Been 

completed. This was an immediate problem and needed attention. Second the 

tenders for new plant as described had to be evaluated and negotiations 

held with the suppliers. This took some time also.

Expert in laboratory Design and Management

Mr. Leskinen arrived early October 1980 and is due to complete his term'

in December 1981. One aspect is the non-arriyal of laboratory'equipment
bly

ordered in January. UNDP Colombo is understand®/concerned at this equipment 

arriving without an expert in the field to supervise its installation. Some 

equipment has now arrived.

Mr. Leskinen will write a report on his activities.

I

-  R9-

J
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Other inputs

The main UNIDO input was technical exDertise and advice. Equipment and other 

inputs were minor by comparison. The equipment budget was $31,000 at the last 

revision dated May 1981. This is mostly in laboratory equipment necessary to 

upgrade laboratory services. A number of standard text and reference books 

were purchased for a plant library and formally taken into stock by the 

Corporation.

These are the types of books which normally form part of a professional’s 

private library for constant reference. However pay scales in developing 

countries do not allow the purchase of such items which can represent a large 

portion of a years salary; so engineers, chemists etc. u jally struggle on 

without them. They represent a good investment for aid agencies and for the 

Governments themselves, and it is recommended that the library be extended.

Budget

The revision of May 1981 shows a total budget of $ 282,583 divided

accordingly.

allocated

11. Experts 46 man months 237,483

13. Support personnel 2,000

15. Experts travel 5,000

16. Other personal costs 2,500

31. Fellowships 2,000

49. Total equipment 31,000

52. Reports ' a 3,000

282,583

This includes 2 man months for a Consultant in Materials Handling 

but does not include a n extension for the Laboratory expert, partly -made
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necessary by the non arrival of equipment on schedule.

There have been some savings on the budget.
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REVIEW OF OPERATIONS 

EXPLORATION

The first question any prospective foreign partner will ask is "What 

are the reserves?". At present this cannot be satisfactorily answered.

Recently a team from the Netherlands was engaged to conduct an 

exploration progranme. A team of three expatriates assisted by local labour 

spent some 3 months in the field. They brought with them a mechanical 

drilling rig mounted on a trailer capable of being towed on site by their 

"range rover" vehicle. They set up a section in the Pulmoddai laboratory 

and analysed the samples, with local labour, by sink float separation in 

bromoform, a liquid with 2.9 specific gravity. The heavy mineral "sink" 

was forwarded to the Netherlands for analysis by quantitative x-ray 

fluorescence spectroscopy, a fast instrumental technique capable of 

determining the heavy mineral breakdown i.e. what percentage ilmenite, 

rutile.zircon, monazite etc is in the sample.

10 million rupees was budgeted for the work, which was to delineate 

reserves identified in a scout type survey by the Geological Survey in 

1979.

An interim report and a full report are awaited.

I have my doubts as to the worth of the results for two reasons. First 

the type of drill,and second the wide grid.

The mechanical auger drill had a long screw flite. The auger was lowered 

into the ground and the drillings scraped away as they emerged on the 

surface. When the maximum depth required had been reached, the drill was
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withdrawn and material adhering to the drill was removed and added to the 

sample. Samples were taken for different depth intervals but,in fact,it 

could not be said with certainty that material emerging at a given time 

was from a particular depth. Material emerged at the surface at varying 

ratesand, in some instances, the drill advanced for considerable distances 

without any material emerging at all. - There was also the

possibility of material from different layers mixing on the way to the 

surface. A -“Proline" drill of this type was tried and rejected in 

Australian mineral sand practice many years ago. It was found that the 

results did not correlate with those of a hand auger drilling, the normal 

method.

The hand auger takes a core sample, normally 2 feet at a time. After each 

two foot increment in depth the drill must be raised, the core removed and 

the bit re-lowered adding extra lengths of shaft as required. With high 

labour costs it can be imagined that this procedure is expensive and the 

faster mechanical method was not rejected lightly. With the core taken by 

the hand auger the sample can be positively identified with, a depth interval 

and there is no cross contamination between different depth intervals 

unless sloppy procedure is adopted. Results correlate closely with results 

obtained when the area is mined.

There is now a mechanical type of drill in use but it too takes a core 

which is forced up a hollow stem with compressed air. It was not adopted 

until after extensive trials showed the same results as with hand drilling 

were obtained.

In Sri Lanka conditions the hand auger is quite suitable because of the
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lower labour costs and the need to employ un-skilled people.

Secondly the grid used was coarse. The closer the grid the more holes 

drilled and the more accurate the results. The object is to make the grid 

as coarse as is consistent with accurate results or the desired accuracy 

of results. Scout drilling is done on a coarse grid, but the results 

obtained are not claimed as "proven" reseryes. "Proven", "frobable" and 

"possible", or the alternate classification "measured", "indicated" and 

"inferred" applied to reserves are terms with a legal meaning. It is, for
V »*

instance, an otfence to describe reserves as proven in a company prospectus 

if the term does not apply, To’pro ve** the deposit the grid is closed up, usually 

By drilling lines and rows of holes hetween the original lines and rows.

What constitutes a "coarse" of *f i r.e” gri d depends on the variability of 

the deposit. A large deposit of uniform grade can be proved with a 

relatively few holes on a coarse grid. Mineral sand deposits are wave 

laid and have lens concentrations parallel to the shore. A typical fine 

grid is 10 metres transverse by 40 metres along, and this is closed up to 

5 metres by 20 metres if there is a large variation in grade.

Hence it is hard to describe a grid of 100 metres by 200 metres as a 

fine grid. In one case the grid completely straddled a low dune likely to 

contain mineral values and the previous survey showed that there is 

considerable grade variations in 100 metres in many cases as, for instance, 

holes AH108 to AH103 near the plant site which are approximately 100 

metres apart.

The Corporation needs an internal exploration division to delineate
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reserves in the Pulmoddai area i.e. from Mullaitivu to Nilaveli and to 

investigate deposits elsewhere. Deposits are known to exist at Dondra at 

the extreme south of the island where 20% rutile in the beach makes it 

the richest known rutile deposit. It is, however, small. There are dune 

deposits in the south of some size indicated to contain 51 rutile 

mixed with much fine garnet, (information from Geological Survey) and 

this also makes them rich when it is considered that on the east coast 

of Australia dune deposits containing as little as 0.3% heavy mineral 

with 0.12% rutile are economically worked. There are also small areas of
4© the

rich monazite deposits on the west of the island at Kalutara and^south.

These have useful amounts of rutile and zircon and ilmenite associated 

with the monazite.

There is even a thorianite deposit with contained uranium at Ihdurawa.

These deposits all need delineating for the Corporations information 

and that of prospective partners. »ln normal practice it is usual to 

take explorations only to the "probable" stage unless mining is due to 

take pi ace within the next three years.

An exploration division would consist of a leader, probably a geologist, 

a surveyor for laying out the grid lines and pl>0tting the results, a 

draftsman or tracer to assist him and a number of 3 man drilling crews, 

probably 4. The techniques are adequately dexcribed in Eion McDonalds 

"’Manual of Mineral Sand MiningWavailable from the Australian High Commission 

published by the Foreign Affairs Department.

The laboratory would need to be able to process 200 samples a day by
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sink float separation in brorooform or TBE liquid and would need grain 

counting facilities (now developed) to analyse the sink fractions. A 

mineralogist would be very helpful in this regard and for mineral 

identifications generally.

One argument against having an internal exploration division is that 

overseas investors would have no confidence in its findings. They would 

suspect an attempt to inflate the reserves Or that the drilling crews had 

spent the day in a trees*shade.presenting, at the end of the day, "samples" 

from boles that were never drilled. The latter, and sloppy procedures, 

can only be stopped by good supervision.

The confidence problem has arisen many times when companies seeking 

capital or changing from private to public companies present a prospectus 

or when one corporation "takes over" another. What then happens is that the 

internal exploration findings are checked by an independent consulting 

concern which, presents a report. It is only necessary for the consultant 

to put down a relatively few: holes alongside some original bore holes 

chosen at random. Discrepancies are soon apparent so the original results 

are easily checked.

'•Drilling results are presented as a bore plan showing heavy mineral 

values above and below water table and the type of bottom, silt, clay, rock 

etc; and also on cross sections with the HM assay of each 5 foot or 2 foot 

increment shown together with the water table and bottom. The vertical 

scale of cross sections is usually exaggerated and the value ranges are 

colour coded, 0-5% H.M., 5-10% H.M. etc. This greatly assists in mine 

planning.

Again, the technique is adequately described in the McDonald manual
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Other information required is grain sizing,both of the heavy mineral 

grains and of the quartz grains or any other light mineral grain, i.e. Mfloats".

Reserves

The Geological Survey exploration progranme in 1979, while limited in 

scope as already stated, investigated some 45 miles of coastline centred on 

Pulmoddai and identified new areas of mineralization. The cut off grade was 

set at 5% heavy mineral (STG.> 2.9) which is an economically realistic figure 

But, even with the new wet gravity upgrading plant, is beyond the range of 

the Corporations equipment. The new plant will be able to accept feed down 

to about 302 heavy mineral. The present cut off grade is set by the equipment 

available, not economics, and is about 803» H..M.

The areas of mineralisation identified were at Nayaru 16 miles NjfW of 

the plant at Pulmoddai; Pudavakaddu, 1H mifles- SSE; and Thevikallu 1 Similes 

SSE. These deposits extended upto l$s miles inland. In other stretches of 

coastline there was mineralisation but in a much narrower band, generally less 

than h mile wide.

The report gives the following figures.

Location No. of 
holes 
&~ptts- -,

Area of 
deposit 

in acres 
('hectares).

Average 
thickness 
feet (mtrsj

Average 
H.M. %

H.M.
tonnes
millions

TfievtkallB 
0 5 . 5 mis south).

40. 631
C254L

7.21
(2.20)

16.1 1.78

Pndavekaddu 
OH ml s sooth.)

32 1455
C587)

6.9
(2.10)

17.7 4.31

Nayaru
06 mis north)

13 : 316 
027).

7.7
(2,36)

18.4 1.09

Remainder 61 
excluding present 
mining area.

3578
0433)

6.4
0.95)

10.3 5.74

12.92



By my calculations, working on the areas, depths and-KM. percentages 

given,the tonnes of KM. given are about 6% high, but this is of little 

consequence.

Drilling was done only to the water table because of the hand auger 

used, so, in most cases, the holes finished still in heavy mineral values.

If a "sludger" had been used in addition to the auger to sample the 

material below water table, the reserve figures would undoubtedly be a lot 

higher. Mining is not confined to material above water table so there is 

no reason to reject values below water table.

There was no analyses done on the heavy mineral to break it down into 

its constituents, ilmenite, rutile, zircon etc. so it is not possible to 

state with any certainty the reserves in terms of these minerals, -ff the 

relationship between the minerals is as at Pulmoddai i.e. 72% ilmenite,

7.7% rutile and a similar amount of zircon these 'new' reserves amount to:-

9.3 mt ilmenite

1.0 mt rutile

1.0 mt. zircon 

(see note above)

The 'old' reserves in the 5% mile stretch presently mined between 

Kokalai to the north and Arasimalai (the headland 1 mile to the south) amount 

to some 5 million tones of heavy mineral at a higher grade.

It is again emphasized that these figures must be taken with caution as 

they cannot be claimed as 'proven' reserves.

'""Ifet-Bravft»- Upgrading and Wet Magnetic Separation Plant

One of the tasks which befell the UNIDO team (at Corporation request) 

was the assessing of tenders called in 1979 for the above plant. This was

38: ,



on the basis of a tender document drawn up with the aid of previous 

consultants who recognised the need for such a plant. The reasons have already 

been given.

A separate tender was called forepart (^meaning a pipe line system to 

transport raw sand feed as a slurry from the mine site to the plant site, pres

umably next to the existing "washing plant" used occasionally to remove 

slime content and surface coatings from back deposit material. The tender 

document obviously had in mind that this washing plant be incorporated. In 

addition, a godown to store 150,000 tonnes of ilmenite product was called for, 

although it is difficult to see what is the point of storing ilmenite in a 

$2 million plus godown if there is no prospect of sale. When that godown 

fills up,then what? Do you build another?

It is not now int$ed to build a godown unless there are sales prospects . 

Alternate arrangements for storing using traditional skills have been proposed 

as described in the separate report.

The tender evaluation turned into quite an undertaking as negotiations 

with the tenderers had to he entered into as none of the original tenders 

fulfilled the Corporations requirements. Four tenders in all were received and 

negotiations were conducted with all tenderers, although one tenderer would 

appear to have been out due to high cost and another due to technical 

deficiencies.

In evaluating the tenders a technical committee was appointed. Eventually 

I was unable to agree with the Conmittee and submitted a separate ¿report to 

the Ministry, The main point of contention was the technical ability of one of the 

tenderers to construct the plant. Both, the original tender and revised tender 

showed serious technical deficiencies and lack of understanding of the problems

39 ■



involved. This was to such an extent that it was difficult to imaging a 

successful plant being built by this tenderer.

The point was resolved when it was agreed that the tenderer would be 

required to retain the services of a consulting firm to supply the necessary, 

but missing expertise. This consultant happened to be the same as that 

retained by another tenderer. I do,however, question the assumption that 

seems to have been made that the same technically acceptable proposal will 

now be offered at the lower price. For ethical reasons the consultant must 

now place a completely new team of people on the tender and draw up an 

entirely new proposal without these people even looking at the original 

proposal0

Two long reports were written on the tender and a number of supplementary 

reports. These are available.

At date of writing the tender, to my knowledge, still has not been 

awarded and this will invariably mean a period of reduced rutile production as 

the new plant is constructed. It is estimated that construction will take 

at least 18 months from date of award of tender. The total cost of the 

project, some $1Q million, obviously exceeded original estimates, so a 

financial justification was done, (.appendix 10)

Some aspects have changed in the 2H years or so since the projects 

parameters were set in the tender document. Chief among these is an 

escalation in electric powbr costs, previously amongst the worlds cheapest, 

and the realisation that the capacity of the available electric supply is 

limited. The Pulmoddai substation has a 3 MVA capacity but the line supplying 

1t does not . unless 11 million rupees is spent on a

parallel line.
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The projected electrical load is made up thus.

KVA KW KW
________ drawn installed

950 650

110 80

140 85

75 55 75

900 est. 630 est. 750-1090 

850 est. 550 est, 780-900 

2745 1880

The load drawn by the new plant is uncertain as installed K.W. figures vary 

with different tenderers, but it can be seen that the total load is beyond 

the capacity of the power line. The KVA load can be reduced by installing 

power factor correction capacitors for a cost of 500,000 to 600,000 Rs. to 

bring the power factor up from 0.68 to 0.95. Then the load above should be 

within the lines' capacity; but there is some uncertainty in the above figure 

and it must bg remembered that at some time in the future, a tailings line 

will have to be added to deposit the tailings back at mine site. Only a 

short line is required for quite some time but eventually a line drawing 

about 300 KW must be added. There will also be an increased domestic load as 

more workers will be needed and alterations in the present dry mill and wet 

gravity separation plant will add further load, so it is easy to imagine the 

load creeping npto the 250D Kitmark., That would also almost certainly be

Beyond the capacity of the line and the transformer system as well as 

representing a large operating cost with power currently at 60 cents per unit, 

plus 253» fuel adjustment, plus Rs.22 per month per KVA maximum demand. The 

power bill would then be about 1.25 million rupees a month, assuming no

Present peak load, Pulraoddai plant

plus " " " Yan Oya pump station

less Dry magnetic separation pi ant(existing)

plus sea water pump (existing)

plus wet gravity upgrading and wet 
magnetic plant

plus pipe line system part C
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increases in rate; and could erode profit margins if there was a 

substantial increase as during the recent power cut period when the unit 

cost rose to Rs.2/unit.

Hence need of cutting power consumption must be found.

It has been proposed that the pipe line system be dropped from the tender 

and that the plant be fed by tractor trailer units as at present. This 

presents serious problems both in cost and in logistics. To feed 120 tonnes 

per hour to a plant from 3 miles distance requires 60 tractor trailer 

units on contract. There would be congestion at the loading point and it 

would not be possible to cycle the units through the weighing and unloading 

operations at a rate of one a minute. The weighing operation alone takes 

2 minutes and the existing facilities at the unloading point do not have a 

capacity of 240 tonnes per hour as required; nor is there storage capacity 

to tide the plant over the middle of the day period when the noon-day heat 

i$:-too harsh, on .the labourers, stopping operations.

In addition the mobile equipment workshop facilities would have to be 

greatly expanded,as even contract equipment draws upon them. There are 

enough problems now with, maintaining mobile equipment without adding more.

The best way to handle the problem would be to make the wet gravity up

grading plant and wet magnetic separation plant mobile, so that it moves 

to follow the mining operations as they progress, rhence, for the 3 mile 

stretch that is to be mined there would perhaps be 8 plant sites, so that 

neither feed nor tailings would need to be pumped more than a short 

distance.

The procedure is common practice. The separation plant is mounted on
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skid Bases so that it can be towed Cor winched*) by bull dozer. Wining is
>

done with, a low level feeder, sometimes Known ar a pot Holer, or with, a 

front end loader fed unit and the plant tailings are deposited directly to 

previously mined areas. A levee bank is made across the mining pit behind 

the feeder unit and a pumping unit collects the water draining from the 

tailings to be recycled to the low level feeder to slurry the sand feed.

The procedure is the same as described to the various tenderers, except that 

the long pipe line system is omitted. It will be necessary however, to instal 

a three mile 11 KV power line with a trifurcating pole and with an 11 KV/415V 

3 phase transformer unit skid mounted to supply the wet gravity upgrading and 

wet magnetic separation plant and mining system and to supply copious sea 

water to the plant for washing the sand. A pumping unit will be required to 

pump excess vnter from the WGU & WMS plant back to the small lagoon adjacent 

to the present washing plant if pollution of the sea or adjacent Kakkilai 

lagoon is to be avoided. Such pollution could have disastrous consequences, 

killing sea life and raising the ire of the fishing communities living at 

Kokkllai. Large bo.-e pipe line (12") should be used to minimise power 

requirements.

Only the relatively small amount of refined products, ilmenite O f  there 

is a sale for it) and the non magnetic concentrate need then Be carted to the 

Y moddai plant. Tractor trailer units may be used but a small gauge railway 

should be seriously considered as these usually represent the cheapest means 

of moving moderate tonnages over short distances.

It should be pointed out that the WGO and WMS plant has excess capacity. 

Operating 7000 hours per year, a not unreasonable expectation, the plant has
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the capacity to produce 230,000 tpy ilmenite and about 50% more rutile and 

zircon than the dry mill can currently handle. During the years to 1984-1985 

however, there will be power cuts and it is proposed that the electrical 

load of the WGU and WypS plant be shed while CEB power is off. The plant will 

then have the 150,000 tpy capacity called for in the tender document.

Existing Separation Plant 

"Dry Magnetic Separation plant

The dry magnetic separation plant is due to be phased out with the new 

W6U and WH-S Plant and there is little incentive to improve its operation.

The equipment is in poor condition. The grooves on the rolls,which give the 

convergence of magnetic field necessary for separation,have largely worn 

down;and the rotors need regrooving and, in some cases, roll replacement.

Parts are not available as these are the only machines of their type in use in 

the world and their manufacture has long ceased.

Dry Mil] & Wet Gravity Separation Plant

It was understand from the job descriptions, the project document and 

the various briefings that the above plant was fully comnissioned. It had 

conmenced operation in 1977. This, however, was not the case and some months 

were devoted to the urgent task of completing the commissioning process.

There were serious losses in the rutile circuit and useful zircon 

production was almost nil. Some zircon was produced but of substandard grade. 

That rutile product which, was produced was to standard grade.

Incredibly, most of the rutile loss , amounting to over $2000 per day, 

was caused by the non availability of some 1 7/16" inch roller bearings for 

use in the Carpco magnetic separators in the dry mill. Such an item would be
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easily obtained by a Maintenance Supervisor and a Purchasing Officer who 

knew Bearings in a developed country. Here the problem was of long standing 

and not on the way to solution. The American supplier, Rexnord of the original 

bearing type could or would not supply within 6 months. An equivalent was 

worked out by UNIDO personnel and bearings obtained by air freight from 

Singapore, but not before both, the Team Leader and the Chairman of the 

Corporation had spent much time personally on the problem. It seemed to be 

beyond the scope of the personnel who were handling the problem or they gave 

up too easily. The fact that there is no effective communication between the 

Colombo Office where purchasing is handled and the plant did not assist. If 

a telex system was working it would be much simpler to -fclft down suppliers 

and Colombo office officials without having to write letters.

This is an example of how normally small problems become big ones. Good 

technical knowledge in purchasing personnel is important, especially if they 

are not in easy daily contact with the person writing the requisition who 

should also know exactly what is required and what are the alternatives.

The large* part of the rutile loss problem was solved when replacement

Bearings were ofitained. The losses were further alleviated by installation

of two new- magnetic separators of a more modern type at the annual shutdown 
'81.

in January-/At present losses of rutile in the dry mill ilmenite amount to 

less than 5% by assay compared with 5056 previously. It is doubtful whether 

significantly better results can be obtained.

Dry mill ilmenite-*

The dry mill ilmenite was assayed separately from ilmenite from the dry 

magnetic separation plant. It was suspected that this ilmenite (dry mill 

ilmenite). being less magnetically susceptable, contained oxidized ilmenite
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not suitable for the sulphate process. This was so. It also has a signifi

cantly higher titanium ox’’c?e (Ti 0 ) content. Also the dry mill ilmenite is
2

significantly higher in chromic oxide (Cr 0 ),a feature buyers do not like.
2 3

It was ’«commended that this ilmenite be stored and, if possible, sold 

separately. If not, then it should be dumped.

Zircon product

According to design the dry mill was to produce zircon in both premium 

and standard grades with recovery of around 502» (rutile recovery is much higher) 

The accepted standards for these grades are

• ¿6

standard ~ 'premium

Zr.O 65% min 66% min
: ;2 

Ti 0 0.30% max 0.10% max
2

!.. 0„ 0.10% max 0.05% max
? 2

There is very little market for zircon of lesser grade than standard.

Zircon was being made but of much lower grade than standard [about

0.7% Ti Og) and recovery was low. The standard grade was achieved and premium 

is possible in all but the Fe^ 0g content limit.

The Fe2 0g content is attributable chi^f'y to a limonite and goethite 

coating on the grains which must be removed by attritioning and chemical action. 

A circuit is set aside for this purpose. The circuit was set in order.slowly, 

and trial runs commended.

Unfortunately the locally made rubber lining of the attritioner cells and 

paddles soon lifted off and, at date of report,’ epoxy paddles are being 

produced. It is still doubtful if premium grade can be achieved as 0.05% max 

Fe2 03 1s a tall order and can only be achieved by proper operation of both 

attritioner units, the existing unit in the wet gravity separation plant as

well
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Results were obtained from change in electrode positions in the ES separators, 

from attention to tonnage loading on the rolls and By temperature control. In 

addition utilisation of the screen plate separators was increased.

The plant can now produce 24 tonnes per day of a good standard grade

zircon product which amounts to 50% recovery. The losses are in the tailings

of the zircon wet tables where rejection of quartz creates problems. The

tables must treat a zircon concentrate containing 10% quartz and reduce this

to less than 1%. Much zircon is lost in the process. A further fault was 
creating

corrected by/a water cut on the tables in addition to concentrate:, middlings 

and tailings cuts. Previously excessive water was going to the small tailings 

bin and carrying quartz as it overflowed to the wash water bin in the closed 

water circuit.

This wash water returned to the tables and entered the concentrate stream, 

with the quartz, both directly,and via the water added to the concentrate 

launders to assist their flow. Hence separation performed on the table was: 

being undone.

When the proposed WGU and WMS plant is commissioned a much, better grade 

of concentrate will be presented to the existing wet gravity separation plant. 

Instead of receiving feed at 60% heavy mineral grade it will receive feed at 

95% plus. This is as high as it currently outputs its concentrate. Its 

requirement will then be greatly reduced and it should be able, to output its 

concentrate at 99% plus grade allowing the feed to the zircon wet tables to 

be 98 to 99% heavy mineral. The zircon tables will then have a much.reduced 

function and zircon recovery should rise to above 75%, because it will not be 

necessary to reject so much zircon in eliminating the quartz.

Wet Gravity Separation Plant

This consists of spiral and Wilfley wet shaking tables plus a Stokes



Hydro-sizer to divide the feed material into coarse and fine fractions. The 

hydrosizer is not essential for separation. For a trial period the mill was 

run on unsized feed taking all the material into coarse by reducing this 

upflow current on the hydrosizer which carries the finer and lighter particles 

up into the overflow by rising current effect.

The hydrosizers function is to reduce the amount of minus 200 mesh. i\e. 

minus 75 micron size rutile in the normal rutile product., since most rutile 

finds its way into chlorinators for pigment and titanium metal manufacture. 

(Some 202 of it is used for welding rod coating but here too,a coarse product 

is preferred.) In the fluidized bed chlorinator the minus 200 mes E m a  ter ial is 

a nuisance being carried away with the rising chlorine currents-.

There is a market for both fine rutile and fine zircon separately in the 

rutile flour and zircon flour fields.

The hydrosizers performance is variable because the pressure of water 

supplied to it is variable. A new water pump for its- sole supply-was 

contemplated but when the water circuit is inspected it is found that the 

original provision was quite adequate if water is conserved. In particular, 

on the spiral separators wash water taps are either not working,or are. turned 

full en resulting in water running to waste. Attention to detail in the 

water circuit will result in sufficient water being available for hydrosizer 

operation.

The fine fraction is generally small and makes up only about 102 of the. 

concentrate deposited in the concentrate storage shed. Runs-on fine material 

in the dry mill are infrequent as it is usually not possible to make a rutile, 

product in one pass through the mill.. This is of no great consequence
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as the amount involved is small and can Be discarded, or rerun when enough is 
accumulated.

The coarse wet gravity separation circuit is not performing well for a number 

of reasons.

1. Insufficient stroke on the wet tables. It may be that modifications, are

necessary if the stroke is to be increased.

2. The rubber linings on the spiral separators are--* worn.

3. fbor standard of operation. Workers in the plant seem to have no idea what 

they are supposed to be doing.

4. At times more tabling capacity is required. This can be supplied by 

utilising one of the fine tables which is always available. A 0.75 inch

hole cut in the bottom of the steady head distributor will provide 10 gallons 

per minute of feed which can Be conveyed to the fines table via a 1% inch round 

plastic launder. The direction of the cons, mids and tails launders 

underneath the table needs changing accordingly.

5. operation invariably falls off on the afternoon and night shifts.

While something can be done about all aspects mentioned above major 

alterations are not called for since the problem will solve itself when the 

new WG.TJ and WMS plant is commissioned. The problem is, specifically,

a, the grade of .CQO-centrate emerging from the mill at 95% is too low,

b. losses of rutile and zircon from the circuit are too high.

Main Dryer

The main dryer DR 401 has an incredibly complex combustion system. It was 

intended to produce a reducing atmosphere in the dryer which assists high 

tension roll separation, but this effect can be produced in a much simpler 

fashion by visual control of thè air fuel mixture. It is best to ohserve the 

flame from a peep hole at the opposite, feed end of the counter current dryer
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and adjust the flame from observations. A bright narrow flame is oxidizing-a 

dull,-red,spreading flame with just a wisp of brown smoke emerging from the stack 

is a reducing one. The effect can be obtained by cutting back the air supply in 

a "Major 30 burner'^ if necessary by restricting air supply to the blower. Such 

burners have a single lever control which is easily connected to a pneumatic 

actuator worked from a pneumatic controller which takes its signal from the 

dryer outfall temperature.

A fan and cyclone on the exhaust system is unnecessary. A natural draft 

steel exhaust stack with a butterfly valve damper fitted is all that is necessary. 

The stack should bs of at least 24 inch internal diameter.

The present control system is too complex and has not worked to design from 

time of conmissioning. Even the team of experts sent out from England could not 

make it function. It has only ever worked ?after a fashion" with, from time to 

time, some complicated instrument ceasing to function and remaining so. Spares 

cost $60,000.

Eventually it will cease to function altogether and then production will 

stop.

It is reconmended that the small fire box be replaced by a brick lined fire 

box of similar internal diameter to the harrel of the dryer and that aftr.jor 20 or 

Wajor 30 burner with single arm control be installed. Armstrong Holland should be 

able to supply such a unit working from the original drawings. A natural draft 

exhaust system should be fitted. This results in a considerable fuel saving. The 

consumption figures should range between 1 gallon and 2 gallon (Imp) per tonne of 

material dried.A figure near 1 gallon per tonne can be achieved but not with an 

excessively reducing flame.
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Maintenance

Mr. King put together a very comprehensive preventative maintenance 

programme and this has been partly implemented. He concentrated heavily on the 

mobile equipment maintenance, since this was his field of expertise and for 

want of better guidance. He arrived nearly four months ahead of btfier team 

members.

The mobile equipment maintenance does indeed leave much to be desired. Of 

the eight Corporation owned tractor trailer units it is rare to find 3 operational. 

However the position is not likely to improve until organisational changes- are 

made to the workshop. The foreman does not have the respect of the^nen who do 

as they please. This was pointed out by Mr. King and has since been repeated. 

However there seems to be some problem in replacing him.

When the WGU and WMS plant is commissioned there will be less need of mobile 

equipment, since tractor trailer use will be decreased. But if the plan to use 

tractor trailers to feed the plant is implemented there will be greatly increased 

demands on the mobile equipment workshop and its staff and facilities will 

need increasing. It would then be critical to improve its organisation.

Hopefully it will be possible to dispense with, the problem-personnel on 

downgrading the operations.

The main maintenance problem however is the separation equipment in the 

dry mill and wet gravity separation plant where Breakdowns contribute greatly' 

to lost productions. Plants of this type can, and do, operate withlavaila

bilities of 98 and 99 percent. This- is the result of planned maintenance 

which need not, however, be formally planned. A single plant fitter with 

enough experience and cunning can see problems before thyy start. In this 

case lack of trade skills leads to problems snowballing. A fitter fails to 

align a V velt drive on a slurry pump and overtightens the belts, so the motor
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bearing fails, but not before "screaming" for days. No one notices, so the 

motor bums out because the thermal overloads are not set correctly. This in 

turn causes a problem like 'sanding' a bin and causing another pump motor to 

butn out; and so on. The electrical workshop gets a collection of burned-out 

motors in this and similar ways.

The only cure is improved trade skills and vigilance on the part of 

maintenance and operating personnel. There is usually some warning.

It may be added that the level of staffing in the maintenance sections is 

higher than for similar plants in developed countries, but this is not confined 

to the maintenance sections. All sections appear overstaffed by western standards, 

particularly in unskilled personnel. This certainly helps with the unemployment 

problem-; but not necessarily with operational and maintenance problems as many 

men can do one mans job worse than he alone can.

Before leaving Dry Mill and Wet Gravity Separation plant operations it is 

necessary to point out that the present Supervisor, Mr Fernando, is overpromoted. 

Many of the problems described arise from lack of leadership. He cannot see his 

way around small problems and expects consultants to spoon feed him with solutions, 

virtually taking over the running of the operations. This officer has a pleasing 

personality and could adequately fill a lower position. He may well develop with 

more experience. For this critical position, however, a person with a more senior 

outlook is required.

The loading jetty is in danger of collapse.. it has been damaged by high 

seas and by impacts with tugs and barges and in places the tension reinforcement 

of the RC construction has been exposed and corroded away. A contract for repair 

work has been let with another Corporation but there has been no action. It would 

be disastrous for loading operations in 1982, but preferable to having the jetty 

collapse while men and machines are operating upon it.
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Morale

There is a morale problem at Pulmoddai which manifests itself at most 

levels. Several senior staff positions remain unfilled after staff members 

have left, often openly stating their dis-satisfaction.

At junior staff and worker level there is general slackness. Workers 

don't seem to know their jobs and it is hard to instruct them through a 

language barrier. Officers concede there is a discipline problem. Sleeping 

on the job is an obvious one. However, they contend there are special problems 

in maintaining order. Classic sacking, offences go unchallenged because, they 

claim, it is extremely difficult to sack anyone.

The problem goes beyond this,however, as the workers don't identify 

with the Corporation, as they should. They are looking after their own 

personal interests without recognizing that, if the Corporation performs well 

(along with others), it is better able to give them a comfortable living and 

a few of the better things of life. - " . . ' ■ ’ '<

A particular complaint is that there is not enough delegation of authority, 

"Officers are treated like school kids". Certainly senior staff seem to spend 

their time endlessly signing paper work. While there is?no doubt^need to guard 

against pilfering and wasteful practices, it should be possible to see an overall 

report, of say, overtime worked in a section, expendibles issued from stores 

etc., without signing every form. Tt is impossible to build an organization 

of any size without delegating authority.

Accounts

T do not intend to go deeply into this subject as there are many people 

capable of reading accounts. A number of comments :

(a) The process of attributing costs to each product, Hmenite, rutile, 

zircon etc. is rather artificial since, to produce one it is necessary to
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produce the other. It complicates the reading of the reports and is not 

usual for establishments of this kind.

(b) the amounts set aside for the wet magnetic plant reserve seem low in 

comparison to the quotes of the tenderers.

vv Marketing

The marketing of the products could not be considered satisfactory 

either in terms of tonnages disposed of or prices received. The ilmenite 

industries scarted at roughly the same time in Sri Lanka and Western 

Australia,that is around 1960. In the intervening years Australian produc

tion has grown 6-fold while Sri Lanka's exports have declined to less than 

half their peak in the late 60s. Neither do prices realized compare favourably. 

(See chart in appendix Ta/)

Shipping of large tonngges of rutile and zircon is relati ? recent 

so no firm trends have emerged, but production of both could have to stop 

before the 1982 shipping season, since storage space at Pulmoddai will be full.

The products are all reasonable products (now that the zircon is on 

grade) comparing well with others available. There is a slight problem with 

grain size with rutile and zircon but fine grain is an advantage where ilmenite 

is concerned.

The relative advantages of Pulmoddai ilmenite are its fine grain, its 

higher than normal T Og content at 54% and its reasonably low (>2 O3 content 

Cat about 0.07%). Its disadvantages are slightly high ferric iron to ferrous 

iron ratio which adversely affects the acid solubility and the fact that the 

O 2O3 content is nonetheless higher than some Western Australian ilmenites. 

Sulphate producers like it as low as possible. -G5ee^Appendix 15)

One advantage Pulmoddai should be able to exploit is the closeness to 

the European market, particularly Italy and France. 70 to 80% of the landed

*
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cost of ilmenite. can be represented by freight. Australia, Pulmeddai','smain 

rival, is badly off in this regard, being the furthest place from-almost anywhere.

The method of loading may have much to do with this as shall be dealt 

with later.

Buyers for sulphate ilmenite are hard to get but, once obtained, will not 

readily change suppliers. They value an assured supply of uniform grade material. 

If the feed to the plant is changed there is a long process of commissioning 

to the new feed, so care should be taken with bulk samples to potential buyers 

and no oxidized ilmenite emanating from the dry mill should be sent. Buyers 

will also be discouraged if they know there are plans to instal a sulphate 

route plant at Pulmoddai. They may feel that they will just get their plant 

attuned to the new material and then have their supply cut off for Pulmoddai’s 

own use. It could, however, be a trial shipment to a potential partner to 

allow them to determine the parameters of the plant.

' CMSC formerly handled its own marketing arrangements. ThJs^ function has 

now been taken over the Tenders Board. Some 11,500 tonnes of bultf rutile has 

been sold but with a large delayed payment component and it now- appears- it 

will not be possible to ship the material as the shipping season is over. The 

monsoon has broken and shipment will have to wait till next season, probably 

next April. Before then, available storage will be full and production must, 

therefore cease; a situation which is hardly desirable.

The sale was made to a local private organization acting as- agent.

Marketing of mineral sands is s specialized field and is usually handled By a 

marketing division or by agents such as Associated Minerals and Derby & Co. 

Associated Minerals Ltd. 0  different company but also an agent for smaller 

Australian producers) of Australia, the world's largest mineral sands- 

producer has a Marketing Division with a Marketing Manager, who travels 

extensively visiting customers and keeping abreast of developments.



He keeps market statistics and draws graphs of production and sales from 

which he attempts to predict stock movements. AMA's Marketing Division has 

correctly predicted major swings in the market and is seldom caught making 

the wrong move. Consolidated Rutile has an associate company, Mineral Sales 

Pty. Ltd. with a Manager who holds an interest in the company and receives a 

commission on sales. Allied Minerals also handle their own sales with-an 

internal sales division, and Rutile & Zircon Mines (Newcastle!.Ltd. Bold a 

number of long term contracts. One of their rutile contracts with-Du Pont 

de Nemours ran for nearly 20 years.

Rutile is usually sold on average Of 5. to 10 years ahead of production 

and relatively little is sold on the spot market. Hence spot market prices 

swing dramatically with relatively small changes in stock.

All these marketing divisions are sophisticated organizations run By 

specialists with extensive experience, and are perhaps Beyond the. scope of 

C.M.S.C. Other companies sell^or have sold,through, agents. Dillingham'

Mining had sales conteacts with Associated Minerals (Both, of them! which! ran 

for various periods in which the agent contracted to accept the full production 

at a fixed minimum price with a 501£ split of the. remaining price, realized.

These usually ran for 5 years But at one stage the Australian Government took 

a hand and restricted the duration to 2 years.
■ i > ■ *

This is the kind of arrangement which., perhaps, would Best suit C.M.S.C. 

for its rutile & zircon, but it does not mean that C.M.S.C. can afford to remain 

ignorant of developments in the market. A close watch.must Be kept on 

developments, otherwise the agent will sign C.M.S.C. to a low-price contract 

just as they know the price is about to rise from watching stock figures- 

decline.

Ilmenite is best sold direct to’a  buyer since it is a less standard 

product.
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It is doubtful if any of the products will ever be successfully sold 

on the tender system. C.M.S.C's competitors are selling tor aggresively for 

that.

.57

Hater Supply

Water is obtained from a pumping station sited at Yan Oya after passing 

through 4 miles of open unlined channel from an anient (small dam) of negligible 

storage capacity on the Yan Oya river. This river has a catchment area of 

570 square miles so there is usually ample flow. However, there have been 

times when the Corporation's requirements of 600 gallons per minute could not 

be met and production was interrupted, this during the dry season.

Another problem is the hardness of the water during the dry season 

rendering it unsuitable for the sulphate process or for c-ecling-water in 

electro metallurgical smelting operations without extensive treatment.c App 9tl)

Lastly, the water is supposed to be chlorinated and filtered to drinking 

water standard but is not, although of reasonable clarity except during the 

monsoon season. A chlorination and Alteration plant was installed in 1973 

but has never worked to specification. The problem was that the slow sand 

filters were slightly undersized C3 of 100.' x 4Q')_ and clogged after 2 to 3 

days service. It is standard practice with, this filter type to manually 

shovel off the top 1 to 2 inches of sand and wash out the accumulated mud, 

then replace the sand. But this is usually done only after 4 to 6 weeks of 

service, so that the work load is tolerable.

At Corporation request,the filtration system became a UNIDO problem 

and a number of reports were written. The UNIDO team claimed no special 

expertise, but then expertise in this field seems to be at a premium in the 

country. I consulted with Mr. Jack Sell, Chief Water Engineer with UNICEF 

and another water treatment Engineer, showing them my reports in which I

recommended a rapid gravity sand filter system as being more in keeping
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with-modem practice. They agreed this was so, hut felt that the slow filter 

system could Be made to function adequately with, the addition of flocculant 

and a mixing system immediately thereafter. Mr. Sell felt that 60' x 40' 

existing settling tank should Be adequate if 40 ppm of aluminium sulphate 

was added and adequately mixed Before the raw water entered ' .; it. The 

burden of removing the Bulk, of the sediment would then be taken from the 

filters as it would Be settled in the tanlc. Mr. Sell made the point that 

slow sand filters remove 99% plus of dangerous organisms, an important factor 

where chlorination systems are seldom operated effectively.

The simplest way of implementation would Be to add aluminium sulphate 

as a concentrated solution from an elevated tank as the water enters the 

system from the open channel. The water should then be lifted with a low 

head pump and passed through. 2000 feet of 8 inch N.B. pipe before entering 

the existing settling tank,gently from a weir. The tank is divided into two 

sc that one side can have'eeHected-mud rfcmovad while the other side remains 

in operation. Normally, of course, both sides operate.

The physical labour of cleaning the filters can be relieved, if 

necessary, By a simple washing plant consisting of a bin, pump and hydro

cyclone. The top sand-mud layer is shovelled into the bin and pumped to the 

cyclone. The thickened cyclone underflow redeposits in the filter for spreading 

and the muddy cyclone overflow is run to waste. If small enough the unit can 

be lowered into the filter bed for ease of operation.

Materials Banditry

The shipping system is described in the. introduction and was correctly 

identified as a problem area in the job. descriptions and project document.

Apart from the inconvenience (and cost) of not being able to ship from 

October until mid-April inclusive, there is the slowness of the operation



adding significantly to costs-, sometimes hidden, and the direct consideratile 

costs of maintaining the jetty and the "shipping fleet"-meaning thè Barges 

and tugs.

The Corporation undertakes to load at the rate of 2000 tonnes per day and 

there is a penalty applied for delaying a ship. The penalty has been $20QO/day, 

recently increased to $7000/day, but cannot represent the full cost of delaying 

a ship which is upwards of $10,000/day. In any case, forcemajeure is 

liberally interpreted the Corporation's way. A more realistic figure is about 

1200 tonnes/day as usually something goes wrong.

Rain stops loading as does even a mildly rough, sea, particularly with, 

certain types of ships which roll badly. One Japanese ship was weeks loading 

a few thousand tonnes. In addition there are problems with, the ships gear 

which must be used. There have Been instances of inadequate winches, winches- 

running at the wrong speed, small holds so that only one winch can operate., and

so on. When more than one product is loaded the loading system-must be.
\

thoroughly cleaned between products to prevent cross contamination. The 

barges present the main problem here.

Finally the operation is obviously spilly. There are wind losses on the 

conveyor, the jetty loading station, on the barges,and the mineral grabs leak* 

With the normal form of bulk loading a 1% loss is about average without there 

being a. y apparentisource of it. Although there is no way of-measuring, it is 

quite easy to imagine, in this case, that 3 to 4 percent is lost i;n the 

loading operation.

Most products are shipped in bulk which, is fortunate since no system 

exists for handling 1n bags. At present, when bagged-material is-called for, 

it is bagged in the hold of the barge at the jetty. If the material is bagged 

before hand there are many problems. The bags deteriorate and are eaten by 

white ants causing leakage, and to move the bags from storage to ships hold
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requires some 20 manual handling operations.

In the cynics view a ship is a hole in the water into which you 

continually pour money. The budget for the shipping fleet in 1981 is 4.1 

million rupees, 100 rupees per tonne of material shipped, and it has 

already been stated the jetty is badly in need of repair.

Some aspects of the operation can be readily improved upon. The 

conveyor throughput capacity can be raised simply by fitting a different 

electrical starter to the drive motor, but it is not usually the bottle neck; 

and a pneumatic conveying system could be used for transferring the mineral 

products into the ships hold. This could be mounted on each barge or have 

one separate barge mounted unit. These, however, are only marginal improve

ments and do not solve another problem. Ships’captains are unhappy?claiming 

Pulmoddai is not a "safe port" as described in their papers. Even a mile off 

shore keel clearance is only a fathom or so, and the consequences of dragging 

at anchor in a sudden blow could be disastrous. There was an incident some 

years ago when-the barges and tpgsrwere grounded.

All these problems must reflect on the Corporation's profit and/or on 

the price realized for the productstsven if the cost is hidden. Standard 

practice is to road haul the products to a port with an alongside berth and 

to store in silos or bulk sheds. In the latter case during shipping, the 

material is reclaimed with large sized front end loaders, Caterpillar 988 size. 

In either case material is conveyed direct to the ships hold by 36 inch Cat 

least) conveyor systems at rates upto 1000 tonnes per hour. Often two holds 

are loaded at once and there is provision for "triimn'ng" the hold with 

"flingers" as the last is being loaded. HTrimming"is another hold up at 

Pulmoddai, although frequently an excuse to delay departure to a time more 

convenient to the captain or the shipping company. It means levelling out 

the mineral in the hold.



The obytous move is to adopt a similar system. Contract cartage rates 

are about Rs.1.25 per ton mile so material could be into store at Trincomalee 

for 60 Rs/tonne, less than the apportioned cost of maintaining the shipping 

fleet. It was not possible to think in these terms for the first shipment 

in early 1962 since there were then three ferries on the Pulmoddai-Trincomalee 

road, none of which would have taken a truck of any size. There are still two, 

still inadequate for trucks but one can be by-passed by adding 5 miles to 

the 35 mile journey, and building a bridge in place of the other, presents 

less of a problem than the necessary repairs to the jetty. There is also the 

possibility of building a causeway across the anicut at Yan Qya, adding a few 

miles to the journey but at small capital cost.

Certainly the maintenance problems of maintaining a bridge will be less 

than those of maintaining the jetty, in its exposed position. At the Trinco

malee end there are a number of large storage sheds left from the days when 

Trincomalee was a large British naval base and a disused oiling jetty in the 

harbour which lends itself to use as a bulk loading facility. Adjacent to 

this jetty is a large portal framed building with solid cement floor 100* x 40' 

capable of storing 40,000 tonnes of one product, less if mors; are stored 

simultaneously. The Petroleum Corporation is presently using one third as a 

workshop. CMSC has another third, and the remainder is leased by a French 

company which has a limited term contract building facilities for the Prima 

Flour Mill. The foundations would have to be checked to see if they could 

take such a load, which is by no means certain. The jetty has a number of 

berths ranging from 6b fathoms to 5% fathoms, adequate for the type of merchant 

ship which currently hauls from Pulmoddai. These draw about 4b fathoms to the 

Plimsoll line. Conveyor runs from the building divide naturally into three 

of 310 feet, 750 feet and 500 feet respectively. The 310 feet run would have 

to be elevated as there is a road and train line to cross. These runs could
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be adequately covered by the present loading conveyor transferred to Trincomalee. 

This is a total of 1800' long in 3 sections. Naturally a larger conveyor than 

the existing 20 inch is preferable to load at a higher rate but would involve 

capital expenditure not only on the conveyor but on larger front end loaders 

to feed it as well and, it is doubtful if the added expense is warranted or 

available.

If this building is not available or has unsuitable foundations then 

there are other disused storage buildingsin Trincomalee and material could 

be carted from them at time of shipment by a fleet of trucks, as is another 

standard practice where wharf-side storage is not available. The switch to 

Trincomalee need not cost the Corporation any capital as money would be realized 

by the sale of the shipping fleet. The main capital items would be an elevator 

to initially raise the material over the rail level and the bridge, some of 

the cost of which should be borne by the Government.

Apart from this there is the possibility of sharing loading facilities 

with a proposed cement works, which is to use some of CMSC's land at Cod Bay, 

in Trincomalee harbour.

A move to Trincomalee would also be in keeping with long term plans 

since the obvious place to site a sulphate plant is Trincomalee* not Pulmoddai 

for a number of reasons

1. There is a port to move large tonnages.of material out and in,

2. proximity to deep water for effluent disposal,

3. there is an adequate power supply, 60 MVA,

4. there will be an adequate water supply of good quality needing only 

removal of about 100 ppm of temporary hardness (not cheap though,

8 Rs/1000 gallon indicated).
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CMSC's shipping history for 1981 is

Shi£ Month Loading Time Tonnes loaded

Indus Maru June 8 days 11,0>9

Alps Maru June/July 7 days 10,480

Shinwa Maru August 7 days 8,935

Carmilla Star August 4 days 5,427

Cardiff September 13 days 7,392

Vainci September/October 6 days 7,167

TOTAL 45 days 50,420

Average : 1,,120 tonnes/day.

1980 would not be any better.

So, reckoning the costs of shipping 50,000 tones per year

(a) From Pulmoddai :

Ship waiting time - 45 days at $ll,000/day $ 495,000

Cost of keeping shipping fleet:

1979 : 2.3 m.Rs, 1980 : 2.2 m Rs,
1931 budget 4.1 m. Rs. $ 150,000

Loading out charges, stevedoring labour etc. $ 14,000

Jetty & conveyor maintenance $ 20,000

Spillage 3 percent
1,500 tonnes at $100/tonne $ 150,000

$ 829,000



(b) From Trincomalee :

Ship waiting time - 50,000 tonnes- T S 11 000/day- $ 85,000
6,500 tonnes/day '

Road haulage :

50,000 tonnes x 43 miles x 1.5 Rs/tonne mile
20.7 Rs/dollar $ 156,000

Loading out charges, stevedoring labour etc. $ 5,000

Conveyor maintenance $ 500

Spillage 1 percent
500 tonnes at $100/tonne $ 50,000

Rental on storage facilities & jetty $ 25,000

$ 321,500

Note: certain items, such as front end loaders, power etc. not calculated 

since they are essentially the same cost for both operations.

Hence a saving of $500,000 is possible, some of which would be in higher 

prices realized since the sfiip waiting time charges are largely hidden.

With greater tonnage moved there are two more possibilities :

1. Move the material by Barge to Trincomalee since the cost of maintaining 

a shipping fleet is largely a fixed charge with only a small element varying 

with the tonnage shifted,

2. construct a railway line, which would cost about $10 million, but result 

in lower cartage rates.

Also with greater tonnage a wider conveyor would pay as an investment.

The time to look at changes is now, since the 900 feet long jetty must 

be re-built (building another alongside is the cheapest way of repairing it) 

and the shipping conveyor re-located anyway and 11,500 tonnes of rutile is now 

frozen at Pulmoddai until next shipping season and the storage space is required.



■6 5 .

FUTURE STRATEGY

Overal1

It is obvious that there is scope to develop a medium sized industrial 

complex around mining mineral sands and processing ilmenite to ti-oxide pigment. 

Such an industry will have significant impact on Sri Lanka's exports and balance 

of payments position as can been seen from the table below extracted from 

"Statistical Pocket book of the Democratic Socialist Republic of Sri Lanka - 

1980", published by the Department of Census & Statistics.

Pigment and mineral sands related products could well replace rubber as 

Sri Lanka's second largest export as well as replacing imports from hard currency 

areas.

TABLE 59—COMPOSITION OF IMPORTS?)

IRs. million)
ins 1976 1977 1978 1979

J. Consumer gogds 2,651 .1,732 2*534 5.611 7,824
v(j) Food am fdnnk 2,520 1,534 2,181 4.127 4.807

(i) R i« 1,062 642 916 689 884
(ii) Flour 1,002 671 871 2,192 1,691
(tit) Sugar 248 63 196 620 929

(6) Textile (ioc. clothing) 20 49 150 531 1,336
(c) Other consumer goods 111 149 203 959 1,481

2. lolCRDediate goods 1,888 2Д56 2.648 5,591 9,143
3. Investment goods 653 643 746 3,367 S,4S9
4. Unclassified imports 59 54 79 110 134
5. Total 5,251 4,634 6,007 14,687 22,560

Sonno : Central Bank and Cualoms Return.

(&)Cuatema data adjuated tor Food Commitiioner'l and Petroleum 
Corporation'! actual im poni.

TABLE M—COMPOSITION OF EXPORTS

(ft*. Million)
Commodity ms 1976 1971 ms 1979

Tea 1,932 2,100 3,502 6,401 5,722
Rubber 654 830 931 2,025 2,503
Major Coconut products 397 383 334 971 1,291

(a) Copra 7 7 2 10 13'
(b) Coconut Oil 188 118 40 322 509
(c) Desiccated Coconut 193 110 292 639 775
Id) Fresh Nuts 9 8 — — 1

Precious and Sami Prado us Stones 180 261 297 531 490
Other Domestic exports 467 1,167 1,103 2,580 3.853
Bunkers Domestic 293 46 448 667 1,363
Total Domestic export» 3,923 4,787 6,615 13,175 15.221
Reexports 10 14 22 31 45
Total i,933 4,801 6,637 13.206 15,173

Sonno : Central Bank and Custom! Return.



The deposits are good by international standards, particularly gradewise, 

and the ilmenite is of reasonable quality for sulphate route pigment production. 

Quantity-wise the hundreds of millions of tonnes of titaniferous -magnetite at 

Lac Allard, Canada overshadows the Sri Lanka deposits but this material is 

only 35% Ti 02> whereas Pulmoddai Ilmenite is 54%,quite high, compared witb! 

the hard rock deposits mined in Norway, Finland and New-York. State and Lac 

Allard. (see appendixJ3 )

An industry supplying 80,000-100,000 tonnes of pigment per annum would be 

supplying less than 5% of world production. Long term growth! rate of pigment 

consumption is around 5-6% per year; so, on average, such, an operation -must 

be started every year somewhere in the world. The added production capacity 

should not strain the market, but this- is something for a foreign partner to 

decide on the basis of their inside knowledge.

Aspects Already Mentioned

A number of aspects to do with strategy have already been mentioned; 

these include:

1. The need to set up an exploration to determine the. reserve position 

with sufficient accuracy to satisfy a potential foreign partner. This- should 

include the preparation of mineral samples from the areas-, ilmenite from-say, 

the Thevikallu area may contain excessive chrome or have some other problem.

Such a fact should be known before the area is perhaps wrongly classified as

a reserve.

2. The need to improve the materials handling operations as- far as shipping 

is concerned.

3. The need to expand the ilmenite producing capacity so that the on-going 

rutile and zircon needs of the dry mill are met. The existing dry magnetic
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separation plant can provide only half the dry mills capacity.

4. The need to set up a pilot plant to see it there are. any nasty shocks; 

in store in treating material from prospective areas-. This need is some way 

off since the Pulmoddai deposit will provide the ore reserves for sometime to 

come. The area of immediate interest is the lack of Beach, deposit 4t 

Pulmoddai which is to be worked by the new-WGU and VIMS' plant.

5. Marketing, the need to actively promote and sell the product or to 

upgrade the ilmenite to a higher value intermediate product or finished 

ti-oxide pigment. These needs are, in fact, somewhat contradictory as 

explained, and as below.

Ilmenite Strategy

Also as previously explained the number of possible, scenarios regarding 

ilmenite processing to higher value products was reduced to 4.

1. No further processing: just concentrate, on marketing the. Ilmenite as i.t 1$.

This represents the best return on capital invested since there is-virtually 

none. Good grade sulphate route ilmenite, such, as this, should realise 

$ A21 per tonne F.O.B. ($24.3) according to recent figures (appendix 7 

adding some $2*5 million with the expanded production.

i.e. (150,000 t.p.a. - 40,000 t.p.a. x $24.3 = $2,673,000 I.

It should be realized that the average export price of $A 21 for Australian 

ilmenite in 1979 was for a range of ilmenit°s, some of which.realized only 

$A 15 because of impurities rendering them unsuitable for certain uses. Also 

Du Pont has a majority holding in lilted Minerals and gets its ilmenite: from 

them at a price somewhat below its true market price.
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The "straight" sulphate process is, however not the growth process.

In fact it is sometimes referred to as "yesterday process" hecause of the 

environmental problems previously explained and the fact that the quality 

of the finished product is claimed to be inherently inferior.. “Straight" 

sulphate production from ilmenite may even decline. The growth potential 

is for a different kind of ilmenite to Pulmoddai's, i.e. the oxidized 

ilmenites in which the ^ucoxenisation process has partially leached out the 

iron oxides giving a higher average Ti content. These are destined 

for upgrading to artificial rutile, as at Capel W.A., and for the chloride 

process to produce ti-oxide pigment.

Such ilmenites are represented by the Eneabba W.A., type where Ti 0^ 

is 60» and where the higher chrome content does not matter because of the 

above processes.

There is still scope for slagging Pulmaddai type ilmenites, but this 

is best done on site since the iron content can be recovered for local use.

So the long term market potential is uncertain.

Also, while $2% million p.a. is undoubtedly a boost to Sri Lanka 

econony it pales into insignificance beside some of the other schemes as 

foreign currency earners.

Scheme 2 i.e. the straight sulphate process combined with sulphuric acid 

and superphosphate production.

This scheme is attractive economically showing 33% return on Capital 

(see appendix) and about $130 million nett foreign exchange advantage. 

Capital investment of $230 million is involved.



69

It is the simplest of the three schemes, a considerable advantage, 

not only from the point of view of locals handling the technology, but 

also from the point of view of putting together a consortium to handle 

the scheme. It might even be possible to get one single party, like 

Kemira or American Cyanamid to handle the lot. Only three technologies 

are involved, i.e.

sulphate route pigment production 

sulphuric acid production 

superphosphate production.

The disadvantages of the scheme are largely in the intangible category.

(1) the pigment quality is inherently lower than for schemes 3 and 4 which 

are again lower than for chloride production. Colouration causing impurities 

are lost both the pre-reduction process and the slagging process. As 

already explained, there is doubt whether the quality difference is notice-
4

able in the final product and this justifies the added productions expense 

of the chloride process.

(2) the quantity of effluent disposed of is the greatest of all the 

schemes viz

Effluent scheme 2
Tonnage '000 tonnes 

scheme 3 scheme 4

Copperas 350 44 7

acid (diluted) 50 70 48

dust nil 7.5? 3?

hydrogen fluoride ? ? ?«

H F

sulphuric acid wr' :es ?
(.gaseous)

? ?



Copperas is the chief disposal problem and the chief source of annoyance, 

although it is not critical in this case. Hydrogen fluoride is a nasty 

effluent but the quantity is not large and it can be neutralized to form 

fluorides necessary to treat water supplies.

(3) The iron content of the ilmenite is not recovered to supply the 

countries steel needs.

(4) Superphosphate production is the lowest of the three. There is also 

some doubt about whether what is shown on paper can be done, i.e. treating 

phosphate rock with roughly equal quantities of strong and weak acid. A 

higher proportion of strong acid might be needed.

(5) The quality of the superphosphate will be lower since it will contain 

appreciable amounts of ferrous sulphate. The trend recently is to reject 

superphosphate for the more concentrated phosphate fertilizers wuch as triple 

phosphate or ammonium phosphate, the latter also supplying one of the three 

necessary plant nutrients, nitrogen. Hence any down grading of superphosphate 

could render it unsaleable. (.Sri Lanka currently imports about 40,000 t.p.a. 

superphosphate at $257/t C.I.F.,selling with a considerable subsidy!*

Scheme 3 i.e. additionally to scheme 2 electrosmelt the ilmenite to produce 

slag for the sulphate plant and raw iron.

This scheme is the least attractive on paper indicating only ZS% return 

for a considerably increased investment indicated in the order of $300 million.

Also* the economics are excessively sensitive to power costs because 

of the big power component and increases in power charges are anticipated 

(appendix).
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V

Another aspect is the dust nuisance as much of the ash content u, .. 

coal, together with 4% of the Ti 0^ and iron content, and considerable, 

quantities of the other impurities of the ilraenite charge are discharged to 

the atmosphere as dust. This amounts to some 10,000 tonnes of dust p.a. The 

dust nuisance is reduced (but not eliminated) in Scheme 4.

Scheme 3 represents a furthur degree up the ladder of sophistication 

but everything shown on paper is possible, which it might not be for sbherae 4.

Scheme 4 i.e. additionally to 3 and 2, add a pre-reduction stage which effects

a 60% reduction in electro smelting capacity and in power consumption*

This is an attractive scheme on paper indicating a 35% return on investment 

of the order of $ 300 million. Nett foreign currency gain is about $ 170 million

/

p.a.

There are additionally many intangible benefits.

(1) thousands of jobs.

(2) maximum opportunity to exploit two good natural resources.

(3) general development of the Pulmoddai, Trincomalee and Eppawela areas.

(4) import replacement.

Specific advantages over the other schemes are:- 

(1) the best pigment quality. Chromium,vanadium and niobium,the discolouring 

impurities are partially removed in the pre-reducing and electro smelting 

stages, and there is no need for scrap iron to be added in the sulphate process, 

so no further impurities are added.

C2) dramatic reduction in copperas effluent output and considerable reduction 

in waste acid output.

(.3) reduced dust nuisance compared with scheme 3.

(4) greatest output of pigment, iron and fertilizer for the same inputs.



(5) It is less sensitive to power charges than scheme 3 and uses a 

cheaper and more available coal.

Specific disadvantages are

(1) it represents the highest level of sophistication and some of the 

processes are not properly de-bugged.

It took some time to work out some Gf the problems with the pre

reduction process and the technology is supposed to be proprietary. A - 

paper on the process "Direct Reduction Technology - The Western Titanium 

Process for the Production of Synthetic Rutile, Ferutile and Sponge Iron" 

by R.F.Bracanin, R.J.Clements and J.M.Davey, The Aus. I.M.M. Conference 

at Western Australia, 1979, refers to a "process licence fee payable to 

AMC".

None the less, a plant is being installed in India and at other places, 

and would be available for trial runs.

The electro smelting operation is not without its problems either.

Q.I.T. cormrissioning at both Sorel.Canada and Richards Bay, South Africa 

was a painful process. The Richards Bay slag for some time was not acid 

soluble and early operations at Sould lost money. So even if QIT was engaged 

as a partner or consultant, there is no guarantee of success initially at least. 

(.2) Since so many technologies are involved in sulphuric acid making, super

phosphate, sulphate route pigment making, electro smelting and direct 

reduction it is hard to imagine a single partner as distinct from a consortium 

being involved.

The latter would be harder to find and arrange.

There is also the potential problem bf matching Soviet technology, if the 

All Union Titanium Institute is involved, with western corporations.
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(3). Many of the operations shown on paper haven't been tried yet.

The pre-reduction operation requires plant scale testing. To 

quote the paper;-

"Not all ilmenites and coals will prove totally suitable for the 

process and the relative value of these raw materials may not be apparent 

from their compositions alone but will require laboratory and plant scale 

testing."

Also the electro smelting has not been tried with the prereduced feed.

The acid, superphosphate and sulphate plants are long established 

technologies but tests should be run with a dressed Eppawela phosphate 

sample feed for the superphesphate operation to establish its suitability 

and the parameters of an operation; and there could be some surprises 

in adopting this particular slag for the sulphate process. Acid solubility 

tests at least, should be performed.

' .. _ Summary of Schemes

Summing up, it seems from this analysis that scheme 4 represents the 

-dres-t solution from the point of view of balance of payments and return for 

capital investment, but many questions remain to be answered.

Scheme 1 represents the best return on capital, but the foreign currency 

benefits from a balance of payments point of view are minimal, and there is 

the danger of a limited future for this type of ilmenite.
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It is obvious from the foregoing that work remains to be done, both because 

more was involved that was anticipated and because the scope of the project 

expanded as the phosphate possibility became apparent.

A number of these needs have already heen identified. These will simply 

be listed with appropriate comments.

-■ ' _ Identified Needs

(.1) Establish the heavy mineral reserves both in the Pulmoddai area 

and in other parts of Sri Lanka. This includes mineral species make up 

and sizing information and pilot plant tests to identify potential 

problems.

(2) Since many millions of dollars are involved,carefully. rewort the economics 

of the four schemes using accurate figures. The lack of library facilities 

and reference material hampers this work in Sri Lanka especially at 

Pulmoddai. It would also be helpful to talk to personnel from chemical 

companies manufacturing ti-oxide pigment to get their point of view and 

identify any points missed.

C3) Conduct plant scale pre-reduction tests on a hulk sample of Pulmoddai 

ilmenite and laboratory and/or plant scale tests on bulk samples prepared 

from other areas if differences are seen to exist.

This work may be done in India at the new sponge iron facility.

(4) Conduct electro-smelting tests on the pre reduced ¿ample. These 

tests would be plant scale and should establish the parameters of an 

operation 1.e. furnace size, units per tonne, coal pe” tonne etc. It may 

be necessary to identify coal sources for both this and the pre reduction

tests.
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Other Needs

Other needs, needing more elaboration are:-

(1) establish the Eppawela phosphate reserves. These reserves need to be 

established to the point of being satisfied that there are sufficient 

reserves to support the operations described. Ideally, the phosphate 

reserves would last as long as the ilmenite reserves, an indicated 60 years.

While it is indicated that the reserves are extensive, not enough is

known at this stage.

(2) The phosphate deposits need technical evaluation in two forms -

(a) mineral dressing tests to determine what treatment is necessary 

to reduce the I & A Ciron oxides and alumina) content. Possibly 

a mixture of flotation and magnetic separation is involved, after 

crushing.

(b) fun tests to determine the parameters of the superphosphate

producing operation and to determine the minimum strength of acid 

that can be used in economic operations. It may turn out that 

the operation shown in schemes 2 and 3 and, for that matter, even

4, are not possible economically and the whole scheme has to be

re-thought.

(3) Establish potential sources of the coals, oil and sulphur required.

The coals need to be watched from the point of view of introducing unwanted 

and deleterious impurities.

It is anticipated that the sulphur may be available from a proposed oil 

refinery at Trincomalee if it is treating a high sulphur crude.
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(4) Establish the suitability of the raw iron emanating from the electro 

smelting furnaces for upgrading to steel in the country's available 

equipment. It is anticipated that this is possible and some discussions 

with the Steel Corporation have been encouraging, but the point needs to be 

definitely established. Some information is shown in appendix tt

(5) Conduct preliminery discussions with the other Corporations involved, 

both with the Eppawela phosphates and with the Steel Corporation. This may 

need to be initiated at higher government level, to bring tho plans into line. 

The Steel Corporation, for instance, is promoting a small underground iron 

ore deposit at Seruwila as the source of Srk Lanka's future steel needs, 

either by blast furnace or by a direct reduction process. I find it difficult 

to take this plan seriously, being somewhat familiar with the deposit.

(6) There is some doubt that superphosphate is the right ferilizer 

to make, particularly for export. The stronger phosphate fertilizers, 

triple phosphate and ammonium phosphate are more modem and find a readier 

market.

To make them it is necessary to make orthophosphoric acid PO^ from 

sulphuric acid and react the phosphate rock with this. In the case of 

anmonium phosphate a furthur processing step is needed to form ammonium 

phosphate.

A preliminary market study is needed to see if the extra complication 

is warranted, remembering that projected outputs of superphosphate exceed 

Sri Lanka's needs.
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PROJECTED ÜN ROLE

I see the UNIDO role as putting together a package to offer a foreign 

partner or consortium of foreign partners, as a basis of negotiations. It 

is anticipated that a deal would run along the lines that the partner 

would contribute the capital cost of the ilmenite upgrading projectts)., 

paying a fair price for phosphate rock, or bringing the mining and 

processing of this rock into the scheme as well.

The Sri Lankan Corporation would contribute the reserves and the 

existing plant. Management would be the responsibility of the foreign 

partner who may require certain assurances as to the disposal of the 

raw iron product, repatriation of profits, security from nationalization, 

and an agreement on handling labour problems.

Profits would be split 50/50 or 60/40 (6o to the foreign partner)

after paying taxes depreciation, etc.

The Government may require a royalty of 1 to 2 percent on the value 

of minerals extracted from the ground and certain assurances that the 

products would not be sold at an artificially low price to, say, e 

subsidiary company of the foreign partner.

In negotiating such a scheme the Corporation would need to have thoroughly 

done its homework, i.e. have before it a study showing the technical 

feasibility and economics of every scheme proposed. If the feasibility 

work is done by reputable organizations in good faith the foreign partners 

may well see no necessity of repeating it.

To enter such negotiations prepared in this way would greatly increase 

their chances of success and of an outcome favourable to the Corporation 

and the Sri Lankan people and econony. A foreign partner is needed for 

capital, expertise etc but Sri Lanka needs to make the best deal possible.

It shouldn't enter negotiations underprepared.



-7 8

Future ON Involvement

Obviously there is scope for a modest outlay in aid funds to lead to 

the start of a major industry, but I am still reluctant to recommend 

further expenditure, both for general and specific reasons.

The general reasons are the general shortage of aid funds which 

must be shared amongst many projects most,admittedly, without the 

potential of this one.

The specific reasons are to do with the way the affairs of the 

’ Corporation are being conducted and with having the teams reconmendations

implemented. The former will be apparent from remarks earlier in the 

report and from the Auditor Generals remarks in recent annual reports.

The latter means that Consultants must be listened to and should not 

have artificial restraints imposed upon them. Wilska and Harrach, for 

instance, worked on the premise that the site of future upgrading of 

ilmenite operations must be Pulmoddai, which is clearly out,considering 

power, water, effluent disposal and materials handling problems.

Presuming the Corporation and Ministry can meet UNDP half way, I 

^ i see the following as the scope of future aid involvement.

(1) Aid in establishing reserves, both mineral sand and phosphate rock. 

The services of a geologist with experience particularly in mineral sand 

exploration would be required for at least 12 months.

(2) Aid in establishing the technical feasibility and parameters of the 

flow sheet shown in scheme 4. Involved would be

(a) large scale prereducing tests with. Pulmoddai ilmenite, probably 

•In IndtacuSroAustralia.

Cb) large scale electro smelting tests of the prereduced ilmenite, 

probably at Zaporozhee



(c) acid solubility tests on the slag produced by (b) above; also 

probably Eaporozhie

(d) An investigation on a sample of Eppawela phosphate to establish 

the mineral dressing required to reduce the I & A content and then 

on the dressed sample, establish the process parameters for 

productions of both superphosphate and triple phosphate fertilizer 

using sulphuric acid. This should include tests to establish the 

lowest concentration of sulphuric acid it is possible to use and 

whether the in-evitable entrainment of some ferrous sulphate with 

the medium strength sulphuric from the sulphate process will ii.a 

materially affect results.

(.3) Having done the above or, to save time, in conjunction with the above 

aid the Corporation in putting together a proposal to offer potential 

foreign partners. There will necessarily have to be some flexibility about 

the proposal. This work involves both technical and business matters 

and would need at least 2 persons, one of whom was described in the job 

description "Expert in Titanium Di-oxide Pigment Technology" together 

with his functions. To these duties should be added the over-seeing of 

the work described in 2 above.

The second would be a management consultant who would assist in the 

financial aspects of drawing the proposal and suggest commercial consider

ations. He would also assist in upgrading of current operations implementing 

management schemes along standard business lines and attending to the 

aspects raised by the Auditor General.

Both these experts would need a 12 month t«m»nto have the necessary 

impact.
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(4) In addition, assistance is needed to upgrade current maintenance 

operations, mainly by imparting trade skills and the ability to foresee 

problems.

Such a person would need to take up the tools and show by example. 

He would have long experience in operating maintenance with this type of 

plant or a trade teaching background in fitting, turning, welding etc.

The person need not necessarily be prole ssionally qualified.

Again at least 12 months would be required for the necessary impact.
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SIMPLIFIED FLOWSHEET OF DOUBLE-CONTACT SULFURIC ACID PLANT

SOURCE: INDUSTRIAL MINERALS AND ROCKS. AIME.

Figure 2.—Simplified flowsheet of a double comari sulfuric acid plant.

From: "Mineral Facts & Problems"

US Bureau of Mines

Centennial Edition

1975
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Annendix 3A

In Sri Lanka phosphate rock (apatite) was discovered by the Geological Survey Department 
in April, 1971 at Eppawah (Fig. IS) which is located in the North-Central Province (16th mile stone— 
Kekirawa - Talawa road). The deposit is estimated to occupy an area of 3 square miles. The 
apatite-bearing crystalline limestone (carbonatite) is well expe'ed and the surrounding country rock 
includes granite gneisses, chamockites, crystalline limestone, thin quartzites and biotite gneisses 
which belong to the chamockite — metasedimentary series. Drilling has revealed that the deposit 
extends to 400 feet or more from the surface. Initial studies reveal a leached zone (apatite in a matrix 
of iron oxides — also the phosphate rich arc zone) up to about 200 feet followed by fresh carbonate 
rock with apatite. The apatite is tentatively classed as a chlorine-rich fluorapatitc. The average 
P ,0( content is 33 percent or more for the phosphate rich ore zone. Samples containing 39 to 40 
per cent P ,04 are not uncommon. The fresh carbonate rock at depths contain less than 10 percent 
P,0,. Drilling investigations up to now (mid 1975) have proved about 25 million tons of ore. Taking 
into consideration that the apatite occurs to great depths and covers a wide area the inferred ore 
reserve may be over 50 m'llion tons. Table 20 is presented to show the chemical analyses of the 
phosphate rock from the phosphate rich ore zone. The mineralogy is also listed.

Phosphate rock when finely ground has a limited use as a fertilizer because of its relatively slow 
availibility of the PjO„. The rock consists principally of tricalcium phosphate which is insoluble 
and therefore cannot be used by plants. By acidulation a large proportion of the material is con
verted into the monocalcium phosphate (superphosphate), a water soluble from which is readily 
available to plant life. Superphosphate is produced by mixing sulphuric acid with finely ground 
phosphate rock. The mixture reacts to form superphosphate with 16 to 20 percent available P2Os. 
Triple phosphate is a much more concentrated fertilize! which contains from 45 to 50 percent available 
PjOj. Triple phosphate is made by the action of phosphoric acid on the phosphate rock. The 
largest consumer of sulphuric acid is the superphosphate industry. This acid is used for so many 
different purposes that it has been called “ the foundation of the chemical industry.”

TABLE :u

CHEMICAL COMPOSITION OF PHOSPHATE ROCK 
(APATITE) — SRI LANKA

f^aontik. Phosphate rich ore zone
Constituents

EP/l/P EP/2/P EP/3/P

SiOj
r

0.50 0.50 0.60
Al;Oj — 0.95 2.23 7.05
FeO 0.70 0.70 0.54
FjOj — 3.72 130 7.70
TiO — 0.78 0.78 0.60
P2O5 .413 36.60 36.04 33.00
CaO SS.fe 5130 51.60 43.63
MfO
SiO

0.20 0.23 0.29
0.66 0.65 0.60

BaO ~ 0.13 0.26 0.62
Ma O ? 0.09 0.08 0.19
F 1 • gs 2.40 143 1.74
Cl 0.88 1.04 0.98
ThO - 0.02 0.03 0.01
HjO* 1.46 2.65 3.60
Total 101.39 101.32 101.15
Less O for Cl. and F. 1.23 J.34 1.08_ _

Pvroct (*.» 0 4 .lll

Total 100.17 99.96 100.07

MINERALOGY — Apatite (primary) insoluble, Fraocolite (secondary apatite) partly soluble, Martite (secondary iron) 
Rutile and geothite.

Geological Survey Department.
Colombo 2.

64
Fronj: " Mineral Resources of Sri Lanka"

si. Herath

Reoloqical Survev Publication
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A p p e n d ix  3 a F r o m :-  " P r o c e e d in g s  o f  t h e  7 t h  A n n u a l S e s s i o n s  o f  

I n s t i t u t e  o f  C h e m is t r y "  C o lo m b o  g

Apatite.

The apatite deposit occ:rs as six elevated jhillocks at Eppawcla in tbs 
Anuradbapura district The mineralogy and chemistry of this deposit has been 
studied in some detail both at tbs Geological Survey Department laboratories and 
at the Institute of Geological Sciences, U. K. A brief study on a single powde
red sample was also made in the laboratories of the Tennessee Valley Authority, 
U. S. A. A summary o f tbs more important characteristics o f this deposit is 
given below

(1) The rock phosphate fonn3 a so-called “ leached zon e” which is derived 
from a fresh *- carbonatile ” rock seen at a depth of about 200 ft. below 
the higher elevations of the deposit. The fresh primary apatite which is

green in colour is o f igneous origin. Because c f  its low water and citrate 
solubilities, this variety is o f little or no value as a source o f plant 
nutrient phosphorous if  applied in the raw state.

(2) Apart from the green primary apatite this “ leached ore ” zone consists 
largely of the secondary’ apatite, francolite, together with martite and a 
pale brown mineral consisting o f rutile and goethite.

Francolite -  Cas(P04C 0,0H )j F is a secondary carbonate fluo-apatite, soft and 
powdery, forming the bulk o f the matrix of this deposit. Francolite is very 
characteristic o f  some secondary phosphate deposits developed on carbonatites 
elsewhere iu the world (e g. Uganda).

Martite -  Fc^Oj -  is a secondary iron mineral derived from magnetite. This 
mineral too occurs in th« matrix o f the rock as large grains, brown in colour, 
which is the hard material that cements together the green primary apatite. A 
mixture o f rntile and goethite (FeO -  OH) also occurs in the matrix o f the leached 
apatite zone and is pale -  brown in colour.

From the chemistry and mineralogy of ♦he Eppawcla apatite bearing ore it is 
established that the material which is mined ,for direct application is composed 
o f  the following materials •—

(a) The primary apatite that occurs as a greenish vitreous mineral forming 
crystals.

(b) The matrix forming the binding materials for the primary green apatite 
composed o f the following minerals.

(i) Francolite Caj (PO* COj OH)j F.

(ii) Martite -  secondary iron oxide, with rutile and goetbite (FeO -  OH).

When this bulk apatite is crushed, the matrix is also crushed and there will 
be a combination o f all these minerals.

A model analysis of a sample at (he T. V. A. has given the following 
approximate composition

Prospects for Future Mineral Development in Sri Lanka C- Wickremasinghe
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Apatite 72-7
Calcite 9 0
Dolomite 0-2
Coctbite 6 0
Quartz 2-0
Amorphous
Al-silicatcs 5*5.

The Sri Lanka apatite has a complex chemical composition. It is basically 
*  fluo-apatitc with signiGcant amounts o f chloride and hydroxyl ions.

Tablb 4.— Chemical Composition of Apatite

Sam ple
C onsiiiitcni

M /R  5 6 4 E P I Z J P Е Р Щ Р
i

SJO2 4 7 0 0-30 0*60
AUOj 2-71 2-23 Ì 7-05
FeO — 0-70 ; 0-54
Fe20 , 5-40 2-30 ; 7-70
T i0 2 — 0-78 ; 0-60
P2Oj 29-10 36-04 ; 33.00

CaO 43-20 51-60 ! 43-63
MgO 0-17 0-23 0-29
SrO — 0.65 0-60
BaO — 0.26 0*62
N a.O 0-16 0.08 0-19
k2o 0 0 6 — —
C 0 2 5*10 — —
S 0-11 — —

F 2-20 2-43 1*74
Cl 0-72 1-04 0-93
ThOj — 0 0 3 0-01
h 2o — 2-63 3-60

less  О  — F and Cl 1 0 9 1*34 1-03

94-55 99-92 100-07
Analysis o f MR/564 at T.V. Authority, U.S.A., EP/2/S and EP/3/3, Geological Survey
Dept., Colomb'*.

In an evaluation o f this ore the following points are thetsfore noteworthy:—

(i) The comparatively high content o f rhombic carbonates (normally the 
calcite) can cause a large CaO: P2O5 ratio which can make it not 
very favourable for wct-proccss superphosphate manufacture.

(ii) If we denote R^Oj to represent iron and aluminium oxides present in 
the ore, the R2O3 content of this ore (8-1%) would be considered high 
(using industry standards) for feed materials in the wct-proccss super
phosphate manufacture. The maximum value generally preferred is 
about 5% R2O3.

(¡ii) The chloride content o f the Sri Lanka apatite is high (0*72%) compared 
to the industry standard o f  about C'02%. The release o f  chlorides at 
this concentration during acidulation represents a potentially serious- 
corrosion problem for plant equipment. The mineral study has shown 
that the chloride is associated with the apatite in the lattice.
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(iv) Reactivity The apatite ia  the Sri Lanka phosphate ore is not very 
reactive. The neutral ammonium citrate solubility is about 2 -8% which 
is about 40% o f  the solubility c f  Tunisian phosphate end 20% less 
than the minimum value recommended for direct application so that 
grinding would have to be finer than usual for use even in superphosphate 
production. From the chemistry and mineralogy o f this ore, it is 
evident that some beneficiation will be necessary before it could be 
used effectively for fertilizer manufacture.

Physical beneficiation such as attrition grinding c f  this rock, to 
remove iron oxide coating from the surface o f the apatite particles, 
followed by dc-sliming, should remove most of the R ;0 3 in the ore, 
significantly increasing its grade and improving its potential use in 
fertiliser process.

fv) Free Carbonates: Removal o f free carbonates by calcination (about 
700 -1000°) can significantly increase the R j0 3 contents o f the ore. 
Because the Sri Lanka apatite is of igneous origin, calcination temperatures 
necessary to decompose the carbonates should have little effect on the 
characteristics o f the apatite. A calcination could also result in a 
reduction c f  R:0 3 solubility in the wet process.

(vi) Fluoride end Chloride: It has been established that F, Cl are present 
within the apatite structure and cannot be easily removed. Calcination 
of the rock at about 1200® in the presence of steam will cause the 
apatite to expel the chloride and fluoride from its structure and be 
converted to hydroxy apatite. Thermal de-fluorination is considered to 
offer several important advantages in the case o f the Sri Lanka apatite. 
The elimination o f fluorine and chlorine is assisted by mixing an 
acidic additive -  silica is commonly used for the purpose.

Another possible alternative for the manufacture of a fertiliser end product 
is to fuse the Eppawela apatite with serpentinite (which is a magnesium silicate) 
in an electric furnace at about 1550®C, quench with water, dry and grind to a 
fine powder. The final product is known as fused magnesium phosphate.

As serpentinite o f a high quality has been noted in the Uda Walawc area 
this material could be readily used for this process. Initial field surveys carried 
out by the Geological Survey Department reveal that the serpentinite is spread 
over an area o f about 3C0 acres in the Uda-Walawe. Some experiments have 
been carried out both in the Geological Survey laboratories and elsewhere, with 
encouraging results. The fused magnesium phosphate fertilizer is as good or even 
superior to soluble superphosphate as a source o f phosphorous under the right 
tropical soil conditions. This type of thermal phosphate fertiliser will not be 
subjected to serious phosphate losses as compared to water-soluble fertilisers 
especially in tropical countries. Adequate field trials by the various agricultural 
organisations would be necessary to ascertain the suitability o f this product for 
cu r  soils, before embarking on large scale production.
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With regard to the world situation in respect o f apatite, it should be noted 
that. Phosphate rock is at present no longer a. cheap mineral raw material as it 
used to be in the pre-1973 era. The increase in prices and changes in supplies 
o f oil and petrochemicals has had its effects on prices o f raw materials such as 
phosphate rock. A buyer formerly paying S 14 per ton o f  N. African phosphate 
rock, in 1974 paid $63 per ton.

The Sri Lanka apatite deposit is estimated at about 25 million tons with an 
inferred ore reserve of an additional 15 - 20 million tons. Considering the price 
hikes of phosphate rock and the properties o f our apatite arising jfrom its complex 
character, careful consideration should be given to the development of the 
Eppawela phosphate deposit as a potential end-use for fertiliser. More detailed 
investigations are obviously necessary both on laboratory and Pilot Plant scale 
followed by field trials before any decision should be taken concerning the future 
use o f this valuable deposit or the kind o f process which should be adopted for 
conversion to a fertiliser product, that would be most advantageous to Sri Lanka  
As I mentioned earlier, phosphate reck bcneficiation could also lead to a recovery 
of rors-carth minerals in the apatite evi.a at low levels o f  concentration, and 
when one considered the magnitude o f the ore and its estimated reserves the 
recovery o f the rarc-earths from our apatite could be considerable.

V -
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Phosphate rock

The main mining areas are Florida and Morocco. The rock is sold on a

moisture free basis rated as "hone phosphate of line" B.P.L. which is

Ca (PO )
3 4 2

The grades and their corresponding P 0 contents
2 5

are shown below.

Grade B P L (%) P 0 (%) 
2 5

I & A max(%)

(mid rangé)

77-76 35.0 3 to 4

75-74 34.1 3 to 4

73-72 33.2 3 to 4

72-70 32.5 3 to 4

70 68 31.6 3 to 4

68-66 30.5 3 to 4

66-64 29.8 5

I & A is "iron oxides and alumina"'. In the range 3 to 4%, 2 units of BPL are

deducted for one unit I &A. Assays are on a moisture free basis,but moisture

limits are

H 0
2

II

not more than 

not more than

3.5% for grades 1 to 5. 

5% for grades 6 & 7,

Prices, Oct. '74

Grade $/ST,F0B Tampa $/ST, FOB Morocco

77/79
77/76
75/77
72/70
66/64

m.

56.25

43.55
32.66

69.4 calcined 

61.7
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Consumption

'73 '85 est

112 million S.T. 200 million S.T.

On this basis EP/l/P and EP/2/P represent high grade phosphate except 

for I & A. EP/3/P is a lower grade. Magnetic separation should remove the 

iron oxides.

See also appendix 7d.

V
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Phosphorus Fertilizer Materials
Historically, bones served as a source of phosphorus, yet as recently 

as 1840 the value of bones as a fertilizer was found to result largely 
from their phosphorus content At about this same time, Liebig sug
gested that bones be treated with sulfuric acid to increase the solu
bility or availability of the phosphorus. This marked the beginning 
or the modem day fertilizer industry because it led, in IS-12, to the 
patenting of a process for the manufacture of superphosphate by the 

_ treatment of mineral rock phosphate with sulfuric acid.
The only important source of mineral phosphate used to manu

facture fertilizers today is rack phosphate (see Fig. 12-3). The pro
duction of ordinary superphosphate by the acidulation of rock phos
phate with sulfuric acid is shown in Equation 2.

a iC aaft04}-] & CaF; +  7H.SO« -  3Ca(H:P 04); +  7CaSO< + 2HF (2) 
(rock phosphate) sulfuric monocaicium gypsum hydrogen 

acid phosphate fluoride

The ordinary super phosphate produced by reaction 2 consists of 
about half monocalcium phosphate.and about half gypsum. The hy
drogen fluoride can be recovered and in some cases is used to fluor- 
inate water. Ordinary superphosphate has a phosphorus content of 
about 9 percent P or 20 percent P2Os.

Under proper conditions the reaction of rock phosphate with sul
furic acid will yield phosphoric acid. By treating rock phosphate with 
phosphoric acid, a more concentrated superphosphate can be pro
duced as follows:

rock phosphate + 14HSP.04 —► 10Ca(H:P04}2 ■+■ 2HF (3)
The same phosphorus compound is produced with sulfuric acid and 
phosphoric acid, but without the production of any gypsum when 
phosphoric acid is used. This more concentrated superphosphate 
contains about 20 percent phosphorus cr the equivalent of 45 percent 
PjOi. Concentrated superphosphate is commonly called triple super
phosphate. Both types of superphosphates are of about equal quality 
as fertilizers when the same amount of phosphorus is applied.

Ammonium phosphates are produced by neutralizing phosphoric 
acid with ammonia. The two popular kinds produced are mono
ammonium phosphate and diammonium phosphate. Ammonium 
phosphates are good sources of both phosphorus and nitrogen, the 
phosphorus being water soluble. Some ammonium phosphate is 
produced as a by-product of the coking industry by using the ammonia. 
produced in the coking of coal to neutralize sulfuric or phosphoric acid.

f in d a m e n t a ls  o f  S o i l  S c i e n c e  

H . D . F o t h  @ L . M . T u r k  

W i l e y  E a s t e r n  P r i v a t e  L i m i t e d
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APPENDIX 4

Scheme 2 based on Wflska Report

Treat 175,000 t.p.a. of Pulmoddai ilmenite into 79,000 t.p.a. of 

ti-oxide pigment By the sulphate process-. This is integrated with! a 250,000 

t.p.a. sulphuric acid plant and the waste acid from the pigment plant and

some from the acid plant used to treat phosphate rock from Eppawela into 

superphosphate fertilizer.

Location assumed:- Trincomalee

(a) Capital Costs
$ m

79.000 t.p.a. pigment plant (sulphate route). 100

115.000 t.p.a. superphosphate plant 30

250.000 t.p.a. sulphuric acid plant 35

infrastructure, ware houses, loading and unloading 

facilities, housing ~ 20-

"TSo”

allow 25% contingency ; 4(x *

Total 221

(b) Running Expenses, per annum
$ m

^  175,000 tonnes ilmenite @ $ 25/t landed 4.37

17.000 tonnes scrap iron @ $120/t landed 2.04

80,0GC tonnes sulphur @ $145/t landed 11.60

2,100,000 c metres water 1 Rs8/- per 1000 gall. 0.18

chemicals, spares, consumables 3.50

2 ?5Q0 workers (? $75Q/a 1.88

expatriate supervision 0.15

...-/ Over
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7,500 tonnes distillate 0 $400/t 3,00

3,750 tonnes kerosene @ $350/t 1.31

205.000 tonnes sulphuric acid - supplied

750 tonnes titanium tetrachloride - supplied

ex rutile (252 tonnes reqd) 0 250/t 0.06

54,500 tonnes heavy fuel oil ~ @ $200/t 10.90

8,000,000 units of electrical power @ 4c/u 0.32

68.000 tonnes Phosphates(Eppawela)@ $50/t 3.40
' ̂

Sub-total 42.71

allow 25% contingency 10.68

Total 53.39

(c) Outputs.

Tanqible
— ----  $ m

79.000 tonnes ti-oxide pigment 0 72c/lb 125.36

115.000 tonnes superphosphate fertilizer @ $210/t 24.15

less running expenses 53.39

less depreciation 19.25
(straight line over 12 years).

nett profit 76.87
i

% return on investment = 76.87
- 2T T

33.3%



93

(d) Outputs, intangible (or not accounted for in above)

0 ) shipping problem for rutile and zircon solved since facilities 

will be available at Trincomalee.

(2) jobs for 2500 workers

(3) assured sale for ilmenite, yielding $4 million

(4) assured sale for phosphate yielding $:3;4 nniMion

(5) 72,000 tonnes of contained sulphuric acid in the waste at 

10 - 20% concentration available for making super phosphate 

fertilizer from Eppawela phosphates, together with 45,000 tonnes 

of concentrated acid.

(6) construction jobs offered and skills developed.

(7) general development cf Pulmoddai and Trincomalee.

Notes.

Capital cost based on Vflska estimate factored upwards.

Infrastructure estimated

Quantities

Sulphate plant quantities based on figures in the till ska report plus 

some estimates. Credit has been allowed for the heat output of the sulphuric 

acid plant in arriving at heavy fuel oil consumption figures. The 54,500 

tonnes of fuel oil could be replaced by 86,000 tonnes of coal for steam 

raising purposes at a saving of $ 5m per annum but at extra capital cost. 

Other

0 )  See remarks regarding effluents

(2) Plant should be sited carefully with regard to air borne effluents.

(3) Recovery of Ti 0^ assumed to be 85%

(4) Sulphur cost may be 2 to 3 million lower due to etoallabmty from a 

proposed oil refinery at Trincomalee.



SCHEME 2 s c h e m a t i c  i l m e n i t I 4t r e a t m e n t C . M . S . C ,  P u l o o d d a i

Sri Lanka

Town W ateri lx»îli^pa

Superphosphate
110,000 tp«.
o* 97. P
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Scheme 3 based on Harrach and Wilska reports and on Zaporozhye 

report and figures.

Process 175,000 t.p.a. Pulmoddai ilmenite (54% Ti 0^, 18.1% Fe 0, 23.2% Fe.^) 

into 85,000 t.p.a. of ti-oxide pigment and 43,000 t.p.a. of raw iron By 

first electro smelting the ilmenite with anthracite coal into titanium slag 

and iron, cooling and crushing the slag and then converting the slag to 

pigment by the sulphate process.

A sulphuric acid plant produces the necessary acid and some of the heat 

requirements of the sulphate plant. Excess acid from the sulphuric acid 

plant and waste acid from the sulphate plant is used to convert Eppawela

phosphate rock to superphosphate fertilizer.

(a) Capital Costs

$m
Pigment plant, sulphate route, 85,000 t.p.a. 85

Sulphuric acid plant, 250,000 t.p.a. 35

Electro smelting & crushing plant, 105,000 slag t.p.a. 60

Infrastructure - warehouses, loading and unloading 

facilities, housing, etc 23

Superphosphate Plant 220,000 t.p.a. 45

Sub-total 248

allow 25% contingency 25

Total 310
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Running Expenses

175,000 t Ilmenite 0 $25/tor.ne landed
$ m 
4.37

80,000 t sulphur 0 $145/tonne landed 11.60

2,100,000 t water 0 Rs8/- per 1000 gall 0.18

Chemicals, spares, consumables 3.70

9,000 t distillate 0 $400/t 3.60

4,000 t kerosene 0 350/t 1.40

52,000 t heavy fuel oil 0 $200/t 10.40

230 x 10® units electricity 0 4c/u 9.20

2050 t electrodes 0 $1750/t 3.60

30,000 t coal (anthracite) 0 $85/t 2.55

170,000 t acid 95% (supplied)

800 t titanium tetrachloride manufactured 
but needing 260 t of rutile 0 250/t .07

500 t oxygen 0 250/t .13

3,000 workers 0 $750 p.a. 2.25

expatriate supervision .20

120,000 Phosphate rock, Eppawela @ $50 6.00

Subtotal 59.25

allow 25% contingency 14.81
's -V

Total 74.0e
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Outputs tangible

$ -m-
85.000 t.p.a. pigment 0 72c/lb

43.000 t.p.a. carbonized pig iron 0 $230/'t

134.9

220,000 t.p.a. superphosphate 0 $210/t 46.2

191.5

less running expenses 74.06

less depreciation, straight line over

12 years $m 254/12 25.88
' Ns s's' S's

nett profit 9T.T1

Return on investment = ̂ $ 9 1 ^  -jqq _ 29
$ 3l0

Cdl Outputs intangible

as for schemes 2 and 4 excepting 

Cl) large reduction in copperass effluent output, compared with 

scheme 2 (but less than for scheme 4)

(2) opportunity to make 210,000 t.p.a. superphosphate fertilizer 

worth $46.2 million

(e) Note.

(1) The economics are likely to be affected by power costs. The above 

is based on a factored present cost of power. Estimated unit cost 

of power for 1984 is Rs.l.4/unit (8.75c/unit)
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(21 The 52,000 t.p.a. heavy fuel oil could he replaced by appro*.

85,000 t.p.a. coal at a cost saving of about $ 5m hot at slightly 

increased capital cost.

(3) There is considerable dust given off in the electro smelting process.
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Scheme 4

1 0 0

Pre-oxidise and reduce 175,000 t.p.a. ilmenite with assay 

54» T 02 , 20.2% Fe 0, 22.255 Fe203 

to make 154,000 t.p.a. of reduced ilmenite with 9555 conversion of iron 

oxides to metallic iron. Then to electro-smelt this to produce 10,000 t.p.a. 

of 90% Ü  02 titanium slag plus 52,000 t.p.a. of ravriron suitable for 

conversion to steel or cast iron.

The slag then to be treated hy a sulphate route plant to manufacture

35,000 t.p.i. of titanium oxide pigment of various grades. A sulphuric 

acid plant is included to manufacture the sulphuric acid required.

Some waste acid from the sulphate plant (20% plus HgSO^J. and acid 

from the sulphuric acid plant used to produce superphosphate fertilizer.

Location assumed jrincomalee 

( a) Capital Costs

85,000 t.p.a. pigment plant, sulphate route

250,900 t.j.a. sulphuric acid plant

175,000 t.p.a. thruput reduction plant 
5

2 of/MW electric arc furnaces with ancilliary
transformers etc 25

265,000 t.p.a. superphosphate plant 55

infrastructure, warehouses, loading and
unloading facilities, housing 25

\  '  \ N  \  \

240

allow 2555 contingency 60

^ “ 7 3 “
Total 300

$m
75

35

25



Running Expenses per annum

4i700 tonnes heavy fuel oil 0 $200/t landed cost
$ m  
0.94

80,000 tonnes coal @ $65/t 5.20

175,000 tonnes ilmenite 0 S25/t 4.37

875 tonnes electrodes § $1750/t " 1.53

80,000 tonnes sulphur @ $145/t 11.60

2,250,000 tonnes water ? Rs.8/~ per 1000 gall .20

200 tonnes oxygen (a $250/t .05

105,000 tonnes Sulphuric acid supplied

800 tonnes titanium tetrachloride (made from rutile
260 t 0 $250/t) .07

100 x 10® units of power ® 4c/u 4.00

9,000 tonnes distillate 0 $400/t landed 3.60

4,000 tonnes kerosene (? $350/t landed 1.40

48,000 tonnes heavy fuel oil
(.for sulphate pi anti

? 200/t 1anded 9.60

150,000 tonnes phosphate rock Cgroundl @ $50/t 7.50

Chemicals, spares, consumât!es 4.00

3.500 workers ? $750/year 2.60

expatriate supervision .0.20
X"

Sub total 

allow; 25% contingency

56.86.

,14.22
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Ce) ' 13utputs '̂ tangible

$ ni'
85.000 t.p.a, pigment 0 72c/1b 134.3

52.000 t.p.a. carbonized pig iron @ $230/t 12;0

265,000 t.p.a. superphosphate 0 $210/t : 55.7

202.6
less running expenses (as above) 71.08

less depreciation (striaght line over
12 years) 25.00

V  ._____________

nett profit 106.52

% return on investment = ^106.52 * 35.5%
300

(d) Outputs intangible

(a) Jobs for 3500 workers

(b) 95,000 tonnes of contained sulphuric: acid waste 00 * 20% concentration) 

for superphosphate manufacture from Eppawela phosphate deposits.

(c) assured sale for ilmenite 0 $22/tonne

(d) large reduction in effluent output (as against schema 21.

(e) steady electrical load for hydro electric schemes 
(to help pay these off).

(f) sulphuric acid to form the basis of a heavy chemical industry.

(g) construction jobs generated and skills developed

(h) shipping problems for rutile and zircon solved by handling 
facilities generated.

0 )  general development of the Trincomalee, Pulmoddai area

(j) sale for 150,000 tonnes phosphates worth. $ 7rsry=mi 11 ion
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States

Basis of estimates.

(a) Capital.

Sulphate plant - S. Wilsfca estimate factored upwards. This is a smaller 

plant than an ilmenite fed stilphate plant and therefore does not cost the 

same dollars per tonne output.

Pre-reduction plant - factored estimate in "Direct Reduction Technology - 

The Western Titanium Process for the Production of Synthetic Entile, Ferutile 

and Sponge Iron" by B.F.Bracaoin, R.J.Clements, J.M.Davey.
r

The Aus. INW Conference Western Australia 1979 papers. This is allowing 

for no "wet"end components

Electro Smelting Plant - estimate 

Infrastructure - estimate

Super phosphate plant - estimate

Quantities

Pre-reduction plant - estimates given in paper named above.

Electric arc furnaces - Zaporozhye figures and W.Harrach figures. The power 

consumption and coal use ere well down because of the pre-reduction Electrodes 

consumption is based on power consumed.

Sulphate plant - based on figures in the Wilska report and other material.

Sulphuric acid consumption is lower and recovery of Ti 0 is higher because
• 2

of the increased solubility of the slag and lower consumption of sulphuric

acid in making copperas tFe S04 7H20 )

Credit has been allowed for the heat output of the sulphuric acid plant

for steam raising. This has replaced some 60,000 t.p.a. heavy fuel oil

consumption. The 48,000 t.p.a. heavy fuel oil net consumption allowed can
24,000

be replaced by 76,000 t.p.a. coal at a cost saving of $4 m per annum But 

for added capital expense.
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Milska's estimate of sulphuric acid consumption is lower than figures 

given in other publications.

Other

(1) Care needs to be taken with the siteing of the plant since sulphur

dioxide SO , sulphur trioxide SO, and some sulphuric acid is emitted in the
2 ^

air.

(2J Associated Minerals Corporation AMC, now RGC regard themselves as 

entitled to a process licence fee for the reductions process, according 

to the paper..

(3) Coal for the reduction process should have"none, or weakly caking 

properties and the free swelling index as measured by British Standard 1016-, 

part 12 should not exceed 1.5". Sub-bituminous coals wit hi the above, are- 

suitable.

(4} Recoveries assumed.

Ti 0̂  - 99% reduction

98.5% electric arc

92% sulphate

overall 89..9% recovery 
*

Tin's may he low.

(5) Sale price of the pigment is somewhat low to allow-for 3 cents a 1BT 

levy for customer services and research and development.

(6) . The sulphur price may be considerably reduced due to avail ability 

of a proposed oil refinery at Trincomalee. 2 to 3 million would thus be 

saved.
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Aoo
Export 9 
Production 
*000 tonnes
Unit Price 
iA/tonne^QQ

2.00

Ì A 1=$US 1.16

RUTILE Production, Exports and Unit Price 
Australia

too
/ .L  Prie*. F.O.B. (.A ve-ra^e. J Ay»*.

/
Produci i'1

Exports.

'6 0  ' 70 '6 0Year.
The chart covers three distinct phases, ’60 to ’70 a period of steady- 

growth as the "chloride" market expanded, ’70 to ’76 a no growth period due 
to a number of reasons (a) ilmenite was taking over some of the rutile 
chloride market (b) production problems with environmental pressure on 
miirtng areas (c) general slow-down in Western economies,and *76 on, a 
sharp fall in production. Por ’78 0*79 demand much exceeded production 
according to the figures shown above but recent figures arent reliable 
at times. During much of the period shown the above represents virtually 
the whole of the world production. In the last few years significant 
tonnages have been produced in South Africa, Sierra Leone, Sri Lanka and
U.S.A.

The chart shows the effect of relatively small changes of stock 
levels on both production and price. In ’74 stocks ran out and this lead 
to a sharp rise in both price and production. The spot price rise was much 
more spectacular peaking at over $400/tonne but little rutile is sold on 
the spot market, so it would be misleading to graph it.
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The zircon chart shows a steady period of demand growth from '63 
to *73- From '66 to '72 stocks were accumulating. Zircon was being 
produced as a by product of rutile p r o d u c t i o n , demand for the latter 
gov e r n i n g  p r o d u c t i o n .After '73 stocks ran out, t r i g g e r i n g  a s p e c t a c 
ular price rise (even more so on the "spot" price chart), and a 
subsequent drop in sales volume. Since zircon is sold only an average 
2 to 4 years ahead, against rutiles' 5 to 10 years, the average unit 
price peaked and fell fast.

If the figures given are correct (and it seems to take the 
Australian department about 2 years to settle on a figure) a short 
supply situation is d e v e l o p i n g  for both rutile and zircon.

At times of high price zircon is repl a c e d  in the foundry a p p l i c 
ation by chromite.

The charts illustrate the value of market intelligence in 
o b t aining a good price for the product.

For much of the period shown Au s t r a l i a  produced the bulk of the 
worlds zircon output.
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2S Metal Bulletin Friday, Decemter 19. 1930

U K  n o n -fe rro u s  sem is
A LU M IN IU M
P rim  for selected Aloft rolled products In “product of an Ingot* q nantit? 
(unless otherwise sa te d ) delivered ‘Jt<. E/T. ftb rvoiy l , I960 Per kg
6Q plat» ' Srd sizes. 12.5mm thick 5033 H £1.616 
£Q meets Scd sizes and widths up to  1524mm. 6.35mm thick 

$251M £1.4(1 S454H £1.43 i-£ l .453 .-C33M £1 4*3
IQ  sheet—Std sizes and tempers I mm thick

1200 £1.146 3103 £1166 5251 £1-236
IQ  w d s  coil —Std sheet prie* lass £22 per metric ton 
EQ narrow coil (5<M99mni wide) ¡mm thick

!2C0 £1.196 3103 £1.216 5251 £1.2*6
Ourateote coil (one side coating) A020. 1.7mm over 9C0mm 3105 £1.863 
IQ  circle»—Scd dtarns and tempers, (mm thick. 20 ten  order.

i ingot item 1209 ..................................................  £1.332
Aircraft plate, AQO/CAA. one side ultrasonic tested ttd  sites 

30mm thick, min 2 tons 2024 £2.496 7975 T735I £2.564
The following stockist prices are for ex-stock and forward delivery: spot 
prices are not necessarily geared to  current UK mills p r im  I ton lots, 
.jjurce: Imemutronal Motel* Ltd.)
Pure sheet. 0.9mm and thicker std imp/metric £1.010
N$4 Sheet standard trres. I-6mm £1.090
Pure sti^-in coil 250-499mm, 1.6mm ..........................  £1.069
NIPS plate. 9fc<4&n., 0  d i n ; .............................................................. £1.160
BERYLLIUM C O PPER  lOCkg tots and over basts price Ptrkg

BS2870C* 101 Strip. 0.015* x.3* £10,18 Rod. r  — • £9.48
*CIAS5 Ft.- \ OGk i  delivered
¿trip *n*?t—63/37 basis . .  . .  £105 20
Sheets, ton lees, (200 x  600 x  I mm £ |67.55 0.7mm £17?.¿0
5«r;p ton lots. ISO x 1mm £149.75 (50 x 0-5mm £156.39
Tube»—>/d 70/50 baeis - - £74.80
I6vwg 5C9< 1000kg l# od £217 90 Ditto I* od £211.30
W >e (i3(37> 3-3.V9mm £I26.C0-£129.00 6mm and over £|24.00-£I25 00 
kc£»—65 2074 * 2972 23-30mm £97 75
Condenser Tubes: od x 18 swg 50C< !030kg Pence per ft delivered

70/30 39. h  70/29/1 40.76 7602/2 39.57
COPPER Per metric ton delivered
C.C.R. pickled rods 8.9mm coils ...................................................£891.19

N o n -fe rro u s  o res in E u ro p e
Per metric ten unit 5b. Cif
..........................  nom.

. .  S23.59-825.00 
Per short k s  unit of 6oO

.......................... 589-486
Per kg At

A N T IM O N Y
Sulphide ore cone. 50-55% ‘-Ъ 
I. ump suipnide ore. 60%
•EiTYL
Cobbed rump min. fv%  BeO Cif 
BISM UTH
Cunc_o*i£c min. 66% Bi O F ..
C A EslU M  СГ«5 Per metric ten unit CtyO
P^'i jcite.eonc. mm. 24% СцО  FOB.......................................$12.40-413.00
CH RCf'.STE Per metric a n
Trunjvs»'. frrtble lumpy, basis 44% CrtO, FOB . .  560-470
AUisnir r . I.nri lumpy, min 42% FOB . .  . .  582-493
Miben-: : - r .c  51% FOB ..................................................  896-4110
Turkkh, lumpy, *R% 2:1 (scale pro rets.) FOB 8130-4135
dustier, h-mp", 40% min 3C% ..........................  nom.
COLUM B4UM  С Я С * P r  fb. pentaxrd* cement
Columns* min. 65% C b ,0 ,+  T a ,0 |. 10:1 OP . $9.00-511.00
Fyroch.ore eonc FOB Orssil . .  . .  ...................................... 82.55
LEAD C O  N C  Jt/C per metric tan
70/40 / ,  Pb £160 basis CIF ....................................  $90-8100
LIT H IU M  OrfES Per lang ten uric L/,0
Pdt-lite. 395-4.5 Ll,0  fbssis 3%) O F .......................... £ 1 .6 0 -0 ,0 0
jr .^ u m tn e  4-7%  l i  О  (bam  6%) O F ..........................£ | .8 0 -0 .3 0
hi NGANCSC O RS
v;;;o%  Mn mex. 0 ,1%  P CIF MeteHurgice/pef mtu Mn .. 81.70-51 73
MC, LY O D lN fT B  H r lb. Mo ir. .Mel,
Cum . FOB Climax basis min. 8 5 % ....................................... 59.20 (Sept. 26)

Per 100kg delivered
Rods !2.5— 18mm ............................................................ .. . .  ¿142 10
HC wire 3.15mm I000 <2000kg less 2 * % .......................................¿11160
Sheet»—CR basis ..................................................  . .  £> <.90

CR I2CS x 600 x I mm ton lets: £153.15 1.1mm £149.55
Strip- CR coia ton lets ISOx 0.2mm £182.55 0 8mm £161. *30
Tubes—e/d basis..............................................................  £90.30-£I13.63

r  od <  16 swg 500< 1000kg....................................... £169 8C-£I77.69
BS 2871'1971 Table Z 2500m o r ¡OOGeg lots Per 100 metres d c

15mm cd £47.50-£48.60 2 m m  £60.S0-£S2.39 22mm £100.60-£103.0C 
BS 297l/!97l Table X 2500mm or 1009k* loo

I5mmod£50.30-£51.3Q 2 m m  £52 00-693.90 23mm ¿117.0O-£l 19.60 
Tube Per 20 metre coil ce;'*ere.
i* od—22 swg refrig 500 x 1000kg .................................................. ¿ 5 .2
CO PPER N ICKEL Per UOfcf cen tre*
Condenser tubes 70/30 basis .. ............  . .  £ 177.20

Pence per ft de"v*retf
IB swg 500< 1000kg 2* od 66 80 I 'o d  68.40
LEAD Per metric t»»n de^^ered. £ff Oec. 18
Pipes 2200kg lots £544 Sheets 2003kg lots £SM
M A G N ESIU M  Per metric ten delivered
Bars I '  dia. lOCCkg lo ts .. n .a .
NICKEL SILVER Per 100kg delivered. I f f  Ore. IS
SheetA Strip  I 0% basis £207.65 Strip (50 * 0.6mm iOOCSOkg £27v .15 
W ire: 10% besis £159.65 1-5mm coil I00<  153kg £336 15
P H O S P H O R  B R O N Z E Per 100kg delivered
W ire 95/5 Spring temper, 3-3 99mm £!90.25 6mm and over £166 25
Rod»-Soiid BSI400 PS! (per kg) ...................................................£2 73
Scnp PB 102 ISO x 0 . 9 m m ...............................................................¿205 40
T IT A N IU M  (2C39kg lots delivered. Approx, price) Per kg
Rod SGmm dta. £18.74 W ire 2mm dia 0 7  47 Sheet Imm chick £16.18 « 
Place 12mm thick £14.84 6/4 Alloy Billet. 203mm dia. £!4.S9
Tube I 'o d .  x 20 swg. <1500 metre lots) (1 1 7 !  N rm n / i
Z IN C  Ex-werehouse. Per 100kg Bff. rime 16
$h««u (0 5mm basis) Rat on 1000kg paileta (5 tons) £79.65

Cone, some other origins O F ..
M O N A Z IT E
C one min. 60% REO ■+• Therm. FCB/FID ..
TANTALJTE 
O re min. 60% Ta,Ot CIF
2S/4C% bas.* 30*/ Ta.O, C IF ..........................
T IN  CO N C E N T R A T ES 
70/75% Sn (including deduction)
30/65% Sn (including deduction)
20/30% Sn (including deduction)
T IT A N IU M  O RE5 
Rutile cone. 95/97% ТЮ, begged, FCB/FID 
Rutile bulk eo.%- 95-97% TiO, FOB/FlD . .
Ilmenite.bulk cone. min. 54% TiO. FOB 
T U N G S T E N  O RS 
Wolframite std. min. 65% CIF 
ITI December 1st half: cons 1.009.3 <71.54%)
U R A N IU M  Per fb. (J,0,
Cone contract basis. FOB mine 537-842 
V AN A DIU M
HighveW. fused min. 98% V,0* CIF
O ther s o u r c e s ..................................................
Z IN C  C O N C . F.'C per metric dry ton. Moy be sub/ect te currency cd:t>ctr^nt
Sulphide 52,-5% Zrv basis 8825 CIF ..  ........................... 55C-SI0!
Z IR C O N  Au strolion per metric tor.
Sand Min 65% ZrO .std. FOB/FIO ...........................  AC70-AS75
Premium max. 0.05%  FctO, FC6/FID ...........................  AS3$-A$95

$7. 75-13.50 
fkntrolten per metric ten

.. AS350-A540C
per lb. 7et0

5110.00- 8! 15 00
5108.00- 4MI X  

RfC per metric
£205-6235 
£27S-£325 
£3I0-£36C 

Auttrohon per metric tor 
.. AS320-A53S5a|
. .  AZ290-AJ330 V •

AS20-A522J 
Per metric ten unit W0.

$139.00-8142 SO 
. . .  8141.97

Per lb U.O. 
Hexafluoride $36-543 

*cr ¡b. v.O,
53 14 

13.70*53 15

L M 2  stocks W eek  ending D ecem ber 12 ItBC fm metric tons)—
CO PPER : Wirebam 

first. Cats second
L'dngs Detv’s

T IN : H.G. first. 
Std.second

Total L 'dnri Oelv'i 
900

7ots> L'dngs10
LEAO: drf first, 

bond second
Deiv s

Z IN C : H.G. first. 
GOB second*

Total L'dngs Delv’s 
500

Total L'dngs Del’ 
—  20.000

SILVER
(Troy os.)
*'s Total L'dngs

A L U M IN IU M

Delv Total
_ _ 575

B irm ingham
25 2.800

Liverpool _ IS 38.425 S 25 _ _ 800 _ _ I75t __ _ _
150 100 6,300 s 25

H ull — _ 50 _ SO 300 e.47S _ _ . . _
— 2.Г5 ISO 15 I.S6S - _ 8755 — » __

N ew castle

G lasgow

A eonm outh
—. _ 175

R o tte rd am — so 23.32$ 495 305 U lS _ _ i.925 25 28.250 —_ 7.820f 3.200 100 67,100
— 375 2400 75 130 _ 250 44200 4C0 46.250 • - __

B ram an 835- — 6.400
25

H am burg ISO 725 27,325 _ _ -» _ — 2.050 U 6 0 t — _ _
iX 600 6.400 — — 100 25 _ 425

A ntw erp too 3,625 85 15 375 _ — 600 — __ 8.580$ 975 2.; 75so — s _ 8.850 _ _ 775 _ _ _ _
G othenburg — — 1,300 — _ — 875 _ _

» — « 10 5 _ 25 450 200 — — _ _
G enoa — 50 400 — 5 10 — — — — — 425 — — — — — 350

T o o l  1,175 BSO10IJ75T 595 360
450 1,100 21,025 ISO 105

t  TOO Trey e t. % Mntoróom  ’000 Trey ox. 6 Dufy free

ЗЛО**
1535

300
25

— 18.950 1,925
375 54.350ft 400

* in bord V inri. 100 W0 in Flushing

— s o 
i s  32.SOO 20.000
— 48.225 — — — — —

**lnri. IS HG in Flushing f f  Ind. 435 in Bend m flushing

— 26,l40f 4,175 100 70.575
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UK non-ferrous semis
Aluminium
Pncat lor leierieo Alcan roeee products tn ' product oi an 
«mot'* quenety (unless otnanmsa ¿tatad) oetaered UK Bit. 
Juty13. 1981 C  P * kg
EQ plate — StO aue i. 12.5mm truck 5063M Cl .747
EO sheets— Std sues  and w*ms u p »  1524mm. 
6JSmmtfMK S2S1MC1.S24

$4$4M £1.556 
5063MC1 602

EQ sheet — Sid sizes and tempers! mm thick
1200 Cl. l '5  
3103 £1.166 
5251 £1.236

EQ w da con Sid snoot pnco loss C20 oar motfc ton 
EQ narrow ctW/50-399mm wide) 1 mm m*c* 1200 Cl 196 

3103 £1.216 
5251 £1.286

Ouratcsao com (ones*a  coating) A020, i .7mm over 
900mm 3105 £1.863
EQ arc**— Std dam s and tempers, 1 mm truck. 20 
ton oroor. i ingot r a n  1200 £1.332
Aaosft ptaia. AQGCAA. one «do uKreeomc teateci 
aid w a s
30mm truck, mm 2 tons 2024 £2-496

7075T7351 £2.564
TtttioNOtmng stockkoi prices are lor ex-stock and forward 
delivery: spot pncas ara not necessarily geared « a m e n t UK 
nwta pncas 1 ton lots. (Source: intemsuonel Metets U d /
Pure snoots. 0.9mm and trucker sid rmpxnatnc 
NS4 Shoot standard sues, t .6mm 
Pure strpHn co« 250^99mm. i 6mm 
NP6 plate. 96<48m . 0.5m

Beryllium Copper 
100kg lots and over oasis poca 
SS2870C8101 Stnp. 0.015**3* 
Rod. r e n d  over

£0.950 
Cl 020 
Cl .050 
£1.450

Per kg 
£ 10.10 

£9.46

Coppar
CCR ocktod roaa 6-0mm coks

Per metnc ton aemereO 
£1.019 50 

Per 100kg oet*erea
RodelO —16mm £163.90
HCwir*3.l5rrwnl000<2O00kgloss2^% £12540
Sheets— CP boue £127.50
CR 1200* 600*1 mm ton lots £165.75

1 2 mm £162.15
Stnp— CR coke ion tats 150*0.2mm Ci95.i5

0 8mm £173.60
Tubes— s d  o asa  £106. iO*£i 13.66
1* Cd*‘16 sw g500< i000*9 £177.68-£195 10
BS2671/1971 TafioZ 
2500m or 1000kg lots 
i5mmod 
22mm 
28mm
BS2671/1971 Tette X 2500m or 1000kg tots 
15mm od £55.60
22mm £103.00
28mm £133.00
Tube Par 20 move an t donvored
/4 'od—2 2 s  g retag SO0< lûOOkç £5.94

Par TOO metres d d  
£51.70 
£86.70 

£ 111.00

Copper Nicfcti
Coneonoor tuoos 7030 oasis

16 swg 500<1000kg *«' od 
r o d

Per 100kg Oeèverea 
£232.90 

Pence por ft detail od 
79.16 

102.44

Per metric ion dotaorod. En. Oct 24 
£635 
£635

Permeine ton detnrerec
n s.

Lam*
Pipes 2000kg lots 
Snoots2000kg lots

M ag n esiu m
Bora v  am. 1000kg lots

NickM S ilv e r Per lOOkg detaered. Sept. X
9neotAStnpio% beeie £233.35
Stnp 150* 0.6mm I00<l50kg- £295.85
Wire: 10% bàita £282.35
1.5mm cok 100< 150kg £355 85

B ra s s
Slop sheet— 63/37 bests 
Sheets, ton krta. 1200*600* imm 
0.7mm
Stap ton lots. 150*1 mm
iSOxOJmm
Tubas— s/d 7000  m m
I6sw g500<i000kg r o d
Omoivaod
Wee (63.37) 3-3.99mm 
6mmsndmmr
Rods— BS2674 & 2872 22 30mm 
CondeneerTubes:
W  od* 16 swg 500< 1000kg
70/30
7G28/1
7622/2

Per rOQfcgdstavred 
£122.90

Phosphor Bronzo Per rOOkp cutaered
W n  9&'5 Spring lampar. 3-3.9»mm £219.75
6mm and ovar £215 '

£165-25
£197.00
£187.45

Roda-Sond BS1400 PBI (par kg|
Stnp PS102150*0 9mm

Cl 74 00 Ç  Titanium
£92.20 (2000kg lots dainrarad. Apon»; pneal

£232.90 1 Rod Sommai*
£235-30 411 W«a 2nvn dia -  * A
£150.75 1 Snaanm mirkck £10.101
£146.75 1 P latal 2mm me» £14.64 |
£117.00 1 8.4 Ado, BUM. 200mm dw. Cl 7.75 J

Pence per fi Oekvereó
\J u 0 a  ro d k 2 0 (w g  (1500 malfa loul £11.71 par metre \

42.24 Zina Ex wtrenoute. Per UXmg. ttt. Sept 9
44 25 Sheets (0.5mm oes*) flat on 1000kg peseta
42.39 (5 lana) C101ZO

UK non-ferrous foundry ingots

A lum in ium
5 ton Jou 
C per matnc ton

BS 1490 LM2 dakvarad 625-670
LM4 dakvarad 715-755
LM8 (tacondary) dakvarad 605*840
LM24 dakvarad 635-670
LM23 (Moandaryi dakvarad 795-635
LM27 dakvarad 665-700
AfFMET pncaa (Flr/1) Movamoar 
AS 12 raou
AS 12 UN 8700
AS 9 U3 7300
AS 5 U3 8880

A lum in ium  B ro n za  
BS 1400 
AB1 dakvarad I055f
AS2 dakvarad 1130Î

B raa o
80*40 (10 BS 218 or 249) wnvork* 89St
S M S  IBS 1400 SCB3) dakvarad 741»
BS 1400 SCS8 dakvarad 1019»
ragn Tanaka HTBi (30 un«) dakvarad903T

GunnwtaJ
BS 1400
132  8 S S S 5  dakvarad 963t
L34 17/7/373 dakvarad T2Wt
G1.1’4  PB dakvarad 1527t

Magnesium
Elektron C sPoy 10 ton tots flstasrefl 1238.00$

Phosphor Bronzo
PBI 10161
PB4 1’ 04f
L°Bl 12731

Phosphor Copper 
10% P ak-wornt 995-10971
15% P kknvorkj 1002-1067*

Phosphor Tin 
5% P kx works 96701

Zinc Alloys
BS 1004A 10-ion n u  dakvarad 642-25*
BS 1004B 10-ion tea  dakvarad 662^5*
t O a  I t  pnem. tO ci i t  p rcas j£ff Am  ». ‘e t  O a  i

Non-ferrous ores
in Europe
A ntim ony
Sutprede ore cone. 50-55% Sb 
Lump Sutpmde ore. 60% Sb 
Beryl
Cobbed Jump mm. iO%BeOCd
B ism u th
Cone, ox*e m n. 60% B* OI

Pwr matnc ion unit $ò C

S2i .00*522.3 
Per snort ion unit oi Bee 

S80Sf 
Perngt

no."

r e s t i t u i i  P i e  Per marne ron wnrr Cs:.
Poftuateconc. mm. 24% C*>0 FOB $12  40-$i3 C
C hrom ItS  Per mernc to
Transvaal, triable kanpy. basis 44% Crs03 FOB S60-S7 
ABamen. hard lumpy, mm 42% FOB 582-59
Afeaman. cone. 51% FOB 596*51'
Tunusn. lumpy. 48% 3:1 (scats pro rata) FOB Si30-$i3 
Russian, lumpy. 40% met 36% nor
C o lu m b iu m  O ra a  Per to. pentojude corner
Columorte mm. 65% CbaOs^TaaOs. 10 1 OF

S6.50-57.50 non
Used Cone. rtCoarrr.xnc tc
70/60% Pb £160 Oasis ClF 580-510
L ith ium  O r f f  Per tong ton jmtLnc
Petatae. 3.95-4.5 uaO (basis 3%) CiF £1 60-C2.0
Spodum ene4-7% iaO ;M s*«% )C lF £i.60-£2.3
M a n g a n a ta  O ra  M mauurg&pafmtuM
40/50% Mn max. 0.1 % P  ClF Si 70-Si 7
Molybdenite
Cone. FOB Cfcmax b a s s  mm 85% 
Cone, seme other ongms CIF 
Monazite
Cone. mm. 60% BEO+Thona. FOB/FiO

Port) Mom Me 5 
$7.90 (Aug. 

55.00 $6 J 
Austmmn par metnc tc

A835U-AS4C
Tentante
Ora mm. 60% TasOs CIF 
25/40% oes*  30% TasO* OF 
Green buanes 40% bes*

dard . Tk C 
$46.00*560 :  
$44.00*555 :  

56
Tin C o n c e n tra te s  
70/75% Sn (¡ndudmg deduction) 
30/65% Sn (mdudmg deducuon) 
20*30% Sn (including deduction)

HC par metnc to 
£205*£22 
£275-£32 
C310-E36

T ite r  rum  O re s  -j ireken par metnerz
lutile cone. 95/97% TiOa bagged. FOB FIO AS300-AS3; 

tue  bub cone. 95/97% TO? FOBFtO A5280-AS3C 
^k cone. mm. 54% T© 2  FOB Aft24*A$¿

~<mg a te n  O re  Par mame ton unrt wc
Woamikte sid. mm. 65% CiF Si32*$i :
¡7. O a  1st ha», tone 1.027.5(72.47%) $ i4£ .t
U ranium  Perm.
Nuexct exchange valu# S23 5
V anad ium  Par® to i
Hignveid. luaad mm. M %  vaOe ClF $3 •
Ornar sources 52.90-53 C

R C  par matnc ary to 
Z inc  Cone. M ty pa suOfoa »  currency taiustme
Sulprude 52/55% Zn baa* 5925 DF $85-51'
Z irco n  Auâirêkên par metric tc
Sand 66/67% ZrOa VC. F0B/FI0 A$75-ASi
Prtmiumma".0.0l%TiO2FOB/FlO A590*A$ic

UK oxides, etc.
A fM Ilic  T riO lId*  m in e  fc
Mn. lO u n tlo f  Eurap») C8S0-9C

Cobalt OxM* PmmtUKic
(dM ivandUK)Bl«k71.S%Co C13.64f

Ijad Pmmtmch
mum laty) 2i<M uxSOOC kg. o/o 
Cttctum PtumMi* 2000 UX5000 «9 
aia C63? dc
R«0 (dty) 2000 lo< 3000 kg OMvxaa C563 7£
Limarg*2000is<S000kg.a«kv«fM C3S6.7:

Zinc Pmmtinct,
0uat9S/3>% lOnmloudakv«rad C795 D
O M m  10 ion ion  dafcvmd:
Nad S w  £6281 Q iw n non W M t no<

Zirconium Oddo Pm marne '
Camme grada 1 ion aamork* £1 497 00
teff. O a  ». 81 -Sff O a  ». Si. te f f  Sap» 7 to  Datad or 
one prrtiucm pnea o» 6823. "Cff O a 23. 8»; 71 Elf July 
f t .
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UK non-ferrous scrap
The following table represents our evaluation of current market values in the UK. The pnce 
ranges cover the normal variation between the selling price of smaller and larger merchants; the 
higner prices thus typify consumers' buying levels. There are. however, normally some regional 
variations. Pnces of lead scrap are the consumers' buying prices delivered to the:' works in 
London and the Midlands. Owing to the nature of the scrap market it is impossible to quote 
precise pnces and it is important that the indications should be read in conjunction with the 
relevant market comment. Prices are £ per metnc ton unless otherwise stated.
Attention is drawn to the tact that the following are based on Wednesday's markets.

C o p p e r f
No 1 Bngfn Wire (proc-i 750-820
No i Bngru W*» 755*625
NO 1 Wtr« (Bunt) 700*740
N0 2 Wire (Dans 94%) 630-700
Ttnnoo Wire 690*735
Ctean Heavy 680-730
Etectro Culling» 73V800
Brauary 545*635

Aaiwa and iw ld w t  refining
for 10 ton tots and over dafrverad buyer» wont» with Cu 
coreere» ol up to 30%. a deduction ol Z 5  urels »  made, wime 
lor matanai comatreng 30% -50%  Cu and tor manual contain
ing over 50% Cu. a deduction of 2 unr$ s  made. Cu content rs 
pwd tor at lowest LME Cu quotation on ine d»y ies» £60. A 
veecment charge m then deducted: £130-£145 par ton tor 
material up to 30%. £145-£1S5 par ton tor material 30%*50% 
and £152-£165 par ion for matanai over 50%

Battery pierai Grade A »43-i58
Senary platas Greda B 133-147
Who* bananas (arañad) 106-123
Storage plates 156-176

Ashes and residua»
Lead contanti 65% and upward pato tor at me lowest London 
Metal Exchange pnce tata a Treatment Charge of £130-Ci40 
par ton of matanai.

Zinc
Remeneo (96%) 430-450
Remaned m e  aHoy (94%) 330-345
O U  m e  225-240
Cúrenos 340-355
Zinc bees (90%Zn) 205-215
Nmm unpiaied dweast scrap 370-390
Conectad Omessi scrap 185-205
Hard zinc (es-wome) 315-330
G»rv Asnea 80% Zn 160-185

B r u t
Heavy 395-47Q

Cuttings 575-855
Red ends 495-550
Rod swart 485-525
Cartridge casa» 545-620
Mnad brass 375-MO
Radiators (comp.) 475-570

G unm a tal
Commeroei 740-795
Adnwaay 845-915

Mfekpf-SIJvar
Cofecwd 400-44Q

Nickel
Pun racket tene 2600-2900
Nimonc 75 1850-2150
Moral’ (taix t a t t i 1350-1800

IM O
S a to 317-330
C o a t amppmgs 318-332

WhffwMtei
Qose-cuf solder onts 790-820
29% Plumeen Solder 2060-2110
43% Tvenans Solder 3135-3215
Pemiar 47454815
Syphon loot 3915-3995

Aluminium
Group 1 : Pure cutongs 480-515
Group 2: Cuttngs (Al-Cu) 350-380
Group 3: Cuttings (At-Mg) 350-375
Group 5: Extrusion» 480-510
Mixed saoy cuttings 370-400
Old rotted 370400
Commeroet cast 350-300
Turnings under 1% 2n 240-275

Titanium Rsr Cl a t
Cutting», oommaroatty pure S0.75-Si.35
Tummgs. oommeroafy pure S0.7D-S1.00
Turmngs. unprocuseed (908/4) S0.45-S0.SS

Mercury Per IP.
Sow Z35-2.S5

Japanese home special steel
Ys/vmsine ion igiow pnces.) O o  19 |40 nvn t m  unmet
OttWWlM «IM O )
Tool «to d  (avo a no n  IW Don):
SKI-7 215.000
SKS2-3 400.000
SKD1 550.000
SKP4 580.000
Nigh opooO « o d  (HR):
SKH4IBT1) 5.000.000
SKHWBT4I 1.900.000
SKH55IBT5) 2.800000
SKH57(BM2) 4.700.000
Spring d o d  (SUP 6-9)
IUU 117.000
round» 122.000
Boorlng d o d  (SUJ 2):iound> 195 "OO
Sidnino» d o d : Dora (25-100 mm)
SUS 403 (13 Cr) 270.000
SUS 304 (19/9) 470.000
SI.IS 316 (18/121 700.000
mod SUS 403 (13 CO <0 mm 370.000
mod sus 430 ns co
0.3 mm 465.000
0 7 mm 406.000
1.0 mm 375.000
2-3 mm 335.000
tnoou SUS 304 (18/S):
0.3 (Mi . 620800
0.7 nvn 570.000

Japanese home steel
Sms* merchants and consumers' buying pnces yervmetnc 
ton Oct 19

Reinforcing rounds:
9 mm 57.000
18-25 mm 58.000

Light angles: 5*40 mm 62.000

Had tom angles: 9*130 mm 70,000

Heavy angles:
10*100 mm 62.000
12*150 mm 71,000

jotete: 7x100*200 mm 61.000
10x150x300 mm 105.000

Medium pistes: 3-2 mm x4'x5' 79.000

Heavy pistes:
6 m m x4'x8’ 79.000
9 mmxS'xiO' 80.000
CM sheets: 0.5 mmx3’x6' 99.000
Chvquwrad pieies, 4.5 .Tmum 4 '-  S' 35.CCC 
Oefermea Bare (3030):
10 mm 55.500
13 mm 54000
18-25 ff4f) 54.000
32 mm 55.000

1.0 nvn 545.000
2-3 nvn. S10.000
heavy piamo <7-14 nvn);
SUS 316 (18/12) 760.000

Free eulting «eef: S15CF-SJJC/-' M2,000
N e «  reami ant i m : Su h  3 n.a

Spanish home steel
Madrid Pasetee/Kg. Oct u  Houn»: MyM
Plan rounds 8mm 3330*33-80
light angles 35mm 35.4035.80
Heavy Ingres 80mm 33.4033 80
Plats 40100 x 10m r 35^)035.40
PEe 300mm 31.80 32.00
Chenneie i80mm 3t 4031 JO
CR shafts 0.90<  1.25mm 49.205210

Ferrous scrap
MB Ferrous Scrap Index
folomng indiceaol UK ferrous scrap pnebs were comput 
Metat Buiraon (torn mtormation suppxeo by UK private 
pubtc sector sWmaners and vqniownoers (Sept-Nov
average too;.
Wtoetr ended Oct 17
“A " Basic Scrap 90Z
“ 8 "  Low Residual Scrap 83 7
~C~ Cast Iron Scrap 90.1
**tr Law Grade Scrap 94.0
Master M a x  888

UK ferrous scrap —
Smsvnwmra Duyaig pnces. Cmneic a*. oslvsrad Mm. 
(MB assessment 01 rapraasniaiNe pnenn)
O A Old naavy «eel 30-32
OB Old heevy «eel 30-32 nom
1 Old «eel 23-26 nom
2 Old Steel 24 nom
3A bagmensaed nom
3B tragmenesed 37-40 nom
X  'negmenuead nom
4A Nam moot Dame 43-47
46 Nam «eei Balee nom
4C New ueei bam» 41-43
40 Non a m  earn» nom
4E New moot earn» nom
4F New «e el bams nom
5 Old Ugm como/esseo 11 nom
6 O u tg tt to o l 14-16 nom
7A heavy «e e l tumsigs 17-18
7B heavy steal tunvngs 15 nom
8A New looee vgrv cuonga 30-32
68 New loom  Ugm cumngt 30-32 nom
9 heavy cam ven 28-M
10  Ugm cam van 28*30 nom
l i  Cavi von bangs nom
12A New producean swat 33-35
12B New production stem nom
12C New production stem 35-37
120 New productor, smei 35-37

Alloy steel scrap
Smarrona Buyno pnce.' O cu tm  29

UK sMnlsss (Mootc ton)
19/B sends £280-300
18/1 tunvngs C230-240T
12-14% Cr solids £50-60
16-18% Cr soSds £85-75
CM Europe sttM eaa (Mecnc Ion)
18/B tgads $010840
18/8 turnings $550*600
UK home high apead fP ot kg)
18-4-1 sold» 143.0-153.00
18-4-1 tunvngs 68.0-100. Opt6-8-2 sonda 80.0-86.008-8-2 tunvngs 55.0-62.0pi Ì I ! 1 S OuWOMJ
TNomnaf

Japan
Ejl yard, yarvmatnc ion Oct 22
No. 1 naavy m ount 20.000
No. 1 heavy meting '7,500
B id e  opon hearth 22.500
Emane lumncn 21.500
F o r a y  32.000
No. 1 Dunnmn 22.500
Ns. i DundW# 23.500
No. 2 a m m o  14.500
Bdnd twnvigs 17.500
Reñido: over Omni 32.000

under tu rn  29.000

Belgium
S e w e r lim n e u m r Beagr. B e g u n  O a  2i

B*/metoc ton
HOfvy opon rwfrtfl 3.000
Etoctoe lumfOf 3.100
Mnad wrung» 1.700
Short ttofl lunungs 2.500
Mochtnsry coat von (pnmt) 4.500
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GYPSUM
Crude, ex-mine or CIF UK ................................ £5.00 min.

ILMENTTE — *-------------
Bulk concentrates, Australian, min. 54% Ti02 FOB SA24-SA2S 
Indian, 'Q' grade. 5S/60% Ti02. FOB Neendakara nom. 
Sorel titanium slag, Ti02, long ton. FOB Sorel... $135.00

IODINE
Crude iocine crystal. 50 kg drums. 99.5% mini

mum, per k g ....................... .......................  ¿14-515

IRON OXIDE PIGMENTS
Spanish ochre

Standard grinding (53 microns), FOB Spanish
port ...........................................  ............

Micronised grades. FOB Spanish port ............
Ochre, FOB Cartersville. Gia. CL/TL short ton

Light ...............................................................
Dark

S115 min 
$200 min.

S210
S145

KAOLIN
Refined, principal grades, bulk FOB:

Coating clays ..................................................... £50-570
Filler clays .....................................................  C15-C40
Pofery clays .....................................................  £20-£55

LEUCOXENE
W. Australian, min. 87% TiOj, max. 1% Zr02

bagged. FOB ................................ ... SA220-230
LITHIUM MINERALS metric ton Ci F

Petalite, 3V5-4V4% Li-O minus 200 mesh............  £125-£165
Spodumene. 4 -7%  Li,0 .................................£185-£235
Lithium Carbonate. FAS E. Coast USA, CLor TL. 
bagsor drums, per lb - ...........................................  SI .41

MAGNESITE
Greek, crude lump, C IF ...........................................  £55-£60
Calcined, agricultural grades. C I F ....................... C70-C80
Calcined (natural), industrial grades. C IF .............£100-£14Q
Calcined (seawater) industrial grades, ex works ... C140-C240 
Dead-burned, maintenance grades, ex UK works... £110-030 

Dead-burned, bricfcmaking grain, ex UK works ... £130-£200

MANGANESE
Battery grade Mn02. unground, 78-85%, CIF......... Е93-СП0
Chemical grade 74-84% MnO,, bulk. O F ............... £56~£86

MICA
Ground mica powders, ex-works. UK:

Dry ground ..................................................... £115-6180
Wet ground .....................................................
Mine scrap, muscovite, free of foreign matter.

£220-£300

CIF ............................................................... £60-£80
Micronised £160-£210

NEPHEUNE SYENITE
Canadian, CL-car lots TL-truck lots

Glass grade. 30 mesh, bulk CL/TL Sh ton CS22-CS25
Ceramic grade, 200 mesh, begged 10-ton lots 

Sh.ton ..................................................... CS42-CS47
Norwegian,

Glass grade. 32-mesh (Tyjf r). bulk. C I F ............ £38
Ceramic grade, 325-mesl*/Tyier). bagged. CIF ... £58

NITRATE
Chilean sodium nitrate, about 98%, metric tons, 

ex-stor.-! ..................................................... £109
OLIVINE

Biiik, crush-.21 ifor Last furnace), GIF..................... . £11-£14
Bulk, dry, cr.-hid t<!f.*--ctary aggregate. О г ........... £17-£23
Fcunbrvsì-ic.. --•■/з. з.йг. 'Jr................................. £45-£50
Fruintiry sa^.d, n.:-x ..................... £36-£40
U5 FOB slant ir  is

Foundry grad.» c-"lk .......................................... . S49-S62.50
bags .......................................... . Î62-Î75 50

Flour, bags .................................................... . $78-511U
Aggregate, bulk.................................................... $36

PERLrfE
Raw, crushed and graded, loose in bulk, CIF . £25-02
Filter-aids, expanded, milled, del............................ .£245-£270
Aggregate, expanded, ex-works, U K ..................... . £155-£205

PHOSPHATES -------—  j
Florida, land pebble, run of mine, dry basis, un- !

ground, bulk, ex-mine, average Domestic Export I
60-66% EPl ... ............  $23.46 $23.05
66-70% 3PL _...............................$19.14 $26.87

70-72% BPL ................................  $24.61 S28.65
72-74% BPL ................................. $22.82 S32.15
74% B P L ...........................................  S23 44 $36.26

Morocco. 75-77% BPL. metric ton, fas Casablanca 548.51.
70-72% BPL metric ton, fas Casablanca S£C

Tunisia. 65-68% BPL metric ton. fas Sfax ... —
Nauru. 83% GPL, long ton. FOB C30-S32

POTASH
Muriate of potash, standard, bulk,€0% K20, CIF ... £58-£65 
Muriate of potash, standard. 60% K20. FOB Van
couver S100-312C

FOB Saskatchewan, bulk, per K20  unit
Standard ... .......................................  r
Coarse .....................................................  si. 20
Granular ................................  ............  S i 22

FOB Carlsbad, bulk. 63% K.Q ~nr, per unit 
Coarse Muriate ... Si - .
Standard M urate.. ... -
Granular ...........
FOB Vancouver ...........  31

PYROPHYLLITE 
Australian, bulk, ex-store

Refractory grade
Ceramic and Filler Grades ...........  S35-S4-.

US, min 20 ton iot. for export, short ton, FOB ... S73-SS.
RARE EARTH MINERALS: REO = rare earth oxides 

Bastnaesite cones. 70% leached, per lb REO ... S
Monazite. mm. 55% REO. long ton, FOB Australia b\350-4£i 
Xenotime, Malayan mm. 25%фег lb. Y2 0 2, CIF ...

RUTILE — --------------
Australian concentrate, min. 95% Tt02, FOB/FID

Bulk (large volume, for pigments) ............SA29G-3C
Bagged (small parcels, for welding rods, etc.)... SA3CO-32

SALT
Ground rocksalt. 10 ton lots, av. price del. UK ... £15—£1 i

SILICA SAND
Foundry sand, ex-works................................. . ... £7-£B.5(
Glass sand, flint container, ex-works...................... £6.5/

SILUMANITE MINERALS
Andalusite. Transv"a!, 52-54% AI2Ov bulk, CIF ... £7
Andalusite. Travsvaal, 60% AI2Oj, CIF
Kyamte. USA. 59-62% Al20 3. 35-325 Tyler mesh.

raw calcined, 18 ton lots. CIF ......................  £90-fi5
US kyanite FOB plant, CL

/taw ................................................................... $80-514
C a lc in e d ............................................  S120-S16

Sillimanite, South African, 70% Al20 2. bags. CIF ... £17
SLATE bulk powder ex-works (Fullersite) 90%-200 mesh £1
SODA ASH

US natural. FOB Wyoming, Dense................................  SS
US synthetic. FOB Syracuse..........................................  SI 3

STRONTIUM MINERALS
British celestite. ground, washed and graded, mm.

94% SrSOx. bagged, ex-works. 240 mesh £78.

SULPHUR — ^ ------------
US Frasch, liquid, bright, ex-terminal, Tampa ... $%
US Frasch, liquid, bright. CIF N. Europe ............  S137-S11
French, Polish, liquid, CIF N. Europe ............  $138-51-
Canadian, solid/slate. FOB Vancouver, spot ... S120-S1: 
Canadian, solid/slate, FOB Vancouver, contract

(average) ....................................................S110-S1
TALC

Australian, cosmetic (ex-store) UK . £105-£1
Norwegian, ground, metric ton (ex-store) UK £55-C
Norwegian, micronised. metric ton (ex-store) UK.. £85-£i
French, fine ground CIF ................................... £105-£i
Italian, cosmetic grade CiF ................................  £1
Chinese normal, ex-store UK, 200 mesh ............£110-£1'
Chinese normal, ex-store 1 IK, 300 mesh ............Cl 15—Cl 2
New York, ceramic, min 20 ton lot. for export,

FAS • $96-51 c
New York, paint, min 20 ton lot, for export, FAS S111-Slc 

VERMICULfTE
South African crude, bagged, short ton, CIF ... £80-£iC

bulk, FOB. N. E u ro p e .............................................$125-SI £
Raw. FOB US plant, bulk, sh. tons ......................  S81-S1C
South African, crude bulk F08 barge. Gulf coast, 

sh. tons ................................................................. S10S-S1:
WOLLASTONITE

>3 ton lots, bagged, del. UK, approx. 300 mesh approx £1' 
FAS N.Am. port. 20 ton lot, for export, short ton ... J100-SU

ZIRCON bulk. FOB. Australia — »
Standard (foundry) grade, mm 65% ZrOj SA90-SA
Intermediate. 65 5-66% Zr02, 0.06-0 1% Fe20i SA95-SA1 
Premium, mm. 66% Zr02, max. 0.05% Fe}Oj SA100-SA1

Industrial Minerals September 1981 Industrial Minerals September 1981



o

U 3
Aonendix 8A 

hy .;0..ib, «.CTJ/T/ V ? 4,
O ll iC C  '--•Y » i£  -Li« i i .  b  • ,
Ceylon electricity Bof.xd, 
¿>.nurache -ura. 1981 “07-14*

hi.P.L.P. da Silve,
Chairnftn/i.ana^ir^ Director,
Ceylon hiueral Sands Corporation, 
16?, Sri Wipulaseca havatha, 
C o lo m b o  1 0 .

Deer Sir,

Supply of Electricity to puluiociani R a n t  
Ceylon Mineral Sands Corporation

with reference to your letter of 1931 -July-4th, it is not possible tc 
cLaive the conducters on the existing pole line as. it von Id necessitate the 
change of the oth°r components oil the line.

It ic su^ested that a new line he drawn iron the Trincoanlte Grid 
¿/aw: ti.tioc to Puimodaui takii% a direct route, a distance of cpproxiaetely 
35 milee using pole structures and j / l 6 l conductor, or n tower design and 
lynx conductor tc meet the proposed load demand of 5 ;iVA.

You any v-lef.se discus.s with the Chief Engirt, e:̂  System Planning, C.S.h»,
Colombo rc.irJin* tnc feasibility of above yroposal.

¿n approximate cost of 3 lakehs per :uile will be required for the construction 
of a new line, fhe Chief Engineer, Construction Deniyas, C.L.J.* Colombo will le 
aole to advice as to the appruxiusate coat of the new line based on standard tendered 
costs.

Your_ faithfully,

Divisional henager(liorth)

Copy to; C.E., System rim iuj - rleace advice Consumer rc.-.ardinc the feasibility
of providing a 5 i-.VA supply within leaaibCihle 
voltage regulation limits.

" C.E., boo.-:tru;-t*o.; Designs - Ihe Consunsr requests an approximate cos*t
basis per nils to provide a 5 I-Ta supply tc 
PuLoO-Jdsi ¡'¿neml Sands Corporation»

" S.h., fi'incttsalcc.
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CEYLON MINERAL SANDS CORPORATION
(ESTABLISHED UNDER THE STATE INDUSTRIAL CORPORATIONS ACT. NO. 49 OF 1957)

: g<?g®2 9 teS 9-mo :• <5,CSrf a S tr a is f
QfftaQuBz ijtQiaTLm- 9 u u r  £«:• ajjigxDjdo, QtfgoS
Tolophono: PULMODDAI 9 Your Ref ®44ointt_, j> i O. (UnQsitm

tea) 4-s>o Lr&StOTLJDL.
Teton "SANDSCOMIN" 

COLOMBO-1219
n U . jgn >
Our Rtf>

Ilmesite, Rutile Zitcon Factory
Pulmoddai

3Cth Sept. 1981.

The Chief Engineer, 
Systens Planning,
Ceylon Electricity Board, 
P.0. Box 5**,
Colombo 2.

Dear Mr. Kotandeniya, '

Be Supply of Electricity to C.H.S.C. Plant at Pulaoddai.

In reply to your letter dated 31 »t July 1981 -

In view of proposed new plant the adequacy of the Trineonaiee to 
Falsoddal power line to supply the 3 MVA capacity of the Pulaoddai 
SaboStation has coae into question and has been the subject of 
discassions with yourself and correspondence frou the Divisional 
Manager (Borth).

Z also recently had discussions with Mr. Sirathasan. Chief Engineer, 
Maintenance, who acted as the Corporation's Consultant for the 
construction of the sub*station.

The Divisional Manager (North) suggests that the existing line is 
inadequate and that a new line costing sons 11 nillion rupees be 
constructed in parallel to the existing line. The eost of this would 
be to the Corporation.

Mr. Slvathasan, however, points out that the 33 IV/11 IV transfomera 
at Pulaoddai are the sutosatic tap changing type designed to 
aeeonnodats a 50 rise in supply voltage and a 150 fall (in supply 
voltage at the tranaforaer)•

lc7, 9 6bc*ws> esOst «mce 10.
1ST, £  ttr ta ijm f, Qmtrçpifcq 10.

Hnà Offre : 167, Sri Vtpulisana Mawatha, Colombo 10.

Contd / 2
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I« feels that the existing power line will be 'just adequate* for ths 
load.
My own calculations indicate that, fros the Corporation's point of view, 
voltage regulation would be too high (at 20% )| and, froa the C.E.B. *s 
point of view, line losses at 16% ’ould be excessive. This is oalculated 
for 3 KVA low -voltage supply at 0.7 power factor (2100 Kw). The present 
550 Kw load has a power factor of only 0.65 (830 KVA).

However, by correcting the power factor (by the use of capacitors) to 
0.95 the voltage regulation can be reduced to an acceptable 12% and line 
losses to 7.7* using the exising line. This should be acceptable to the 
C.E.B,
In addition, froa the Corporations viewpoint, the installation charges 
of around 6 lakhs would be recouped in less than 3 years in savings on 

desand charges (Bi. 2 2 /V ik /n o n th ), and a slight saving on unit 
charges through lower A  copper losses in the transformers.

This is illustrated by the attached vector diagraas.

Please let ae know if you are agreeable to this solution.

Scars faithfully.

K.L. LITTLE,
Teaa Leader/Expert in Mineral Sands processing.
United Nations Industrial Development Organisation 
attached to Ceylon Mineral Sands Corporation.

HIL/nnj

e.ci The Ghairaan/M ging Director.
The Plant Manager/Operatione Manager.
Mr. Sivathasaa (Chief Engineer - Maintenance, C.E.B.). 
General Manager.
Electrical Engineer.



t r a r s f  orrners.
Line : -  3377 ,  43 m i l e s  of  7/151 3Ci ,3 phase and n e u t r a l , 31 ~hns r e s i s t a n c e  

, 31 Ohms r e a c ta n c e  ( l a g g i n g ) •
" (rsms» or*r.i62T£ ••

33hV/1i::7,  2 of  1 ,5  .'"/A, 3 ,3; '  r e a c t a n c e ,  1 /  r e s i s t a n c e  
with  automat ic  tap changing a l lo w in g  - 3 /  and -15;'  in p u t  v o l t a g e  v a r i a t i o n .

T7M7/4137 ,  nany o f ,  average  4 , ' ’5 /  r e a c t a n c e ,  1 .5' ' »«:* r* a

j

j
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Pulmoddai.
14th August, 196!

MEMO TO THE CHAIRMAN/MANAGING DIRECTOR.

SUB X REPORT CN DISCUSSION WITH THE CEYLON ELECTRICITY BOARD RE -
(1) Adequacy of Trineomalee - Pulnoddai Power-Line.
(2) Availability of large supplies of electrical energy for a 

possible electro-saelting operation.
(3) Future price of_Electrical_Energy.____ =_________________ ______

(1) Adequacy of Trincomalae-Pulmoddaj Power-Line :
The adequacy of Trincosalee-Pulooddal power-line tc supply the 
3 MVA capacity of the Pulmoddai sub-station has been in doubt 
for sometime and has been the subject of a number of reports 
and of correspondence with the CEB. A recent letter received 
from the Divisional Hanager (North), CEB, suggests the constr
uction of 35 miles of power-line taking a direct route fron 
Trineomalee to Pulaoddai to run in parallel with the existing 
*♦5 miles power-line. The coat of such a power-line at 3 lakhs 
per mile would be of the order of 10 to 12 million rupees.

To see if this expenditure can be avoided I had discussions 
with Mr. Kotindeniya, Chief Engineer, Systems Planning for 
CEB.

The installation of power factor correcting capacitors has been 
suggested by an independent electrical consultant as a possible 
solution. Mr. Kotindeniya gave the capacity of 7 s .161, 33 KV 
power-line as 63 MVA miles. For the h5 miles power-line this 
calc, lates to 1.5 MVA. He said, however, that the power-line 
should take the 2 MVA without * further regulation*• Mr. Kotin- 
deniya was in favour of the installation of a parallel line for 
t$e purpose of guarantee performance. However, he suggested that 
the existing line should be sufficient if a number of steps were 
taken.

Contd •  •  • 2
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(a) The installation of power factor correction by mea^s cf lew 
voltage capacitors connected directly to the larger motors.

(b) The use if the voltage taps on the secondary transformers
at Pulmoddai. These transformers transform 11 X V  to k50 volts. 
They have taps for voltage correction which are. not currently 
used.

(c) The transference of one tap on the main transformers (33 KV 
to 11 XV). These transformers currently have 3 lower taps 
and 2 higher taps, each of 2ji percent. He suggested that the 
higher taps were not necessary since the instance of excess
ively high voltage would almost never arise and if one of 
the higher taps was to a lower tap it would allow voltage 
regulation over the, larger expected range o f  low incoming 
voltage.

For (2 )  above t
The unused voltage taps on the low voltage transformers should 
be made to operate automatically as on the high voltage trans
former.

Effecting the above three (3) steps should allow 2.1 kilowatts 
at a power factor in excess of .9 to be transmitted by the 
existing line.

The cost of power factor capacitors was ascertained from Walkers 
Ltd., who have available 20 KVAr capacity units which are made 
up in banks. These cost b. 7,000/» each. Some 1,100 KVA? is 
necessary, switched directly with the larger motors. The cost 
of these capacitors would be fr. 335*000/*. Installation costs 
are minimal.

I left in abeyance the larger legal question of how the Corpor
ation came to have a 3 MVA sub-station fed by a power-line which 
is inadequate to transmit 3 MVA. The original contract with the 
CEB be studied to see if the CEB was not in fact obliged
to supply 2 power lines at CEE expense. 2

(2) Availability cf Power t
Z questioned Mr. Koti.-^eniya on the availability of electrical

1 1 8
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power vri'-kis the next few y ea rs and in the longer term. Mr. Kotin- 
deniya said that electrical power- would be in short supply until 
cid 198^ when the large hydro electric power stations of the Kaha- 
veli Scheme cone into operation. The present generating capacity 
in Sri Lanka is ^8© megawatts. Zt is planned to add to this scius 
1,070 megawatts over a period extending into the 1990's. The 
attached table gives the names of the power stations and their 
capacities.

Henco, ample power should be available from aid 198^ onwards.

Trincomalee is at the end of a 132 KV line currently of JO mega
watts capacity. However, it is planned to upgrade this to 60 meg
awatts as the line is a d o ^ l e  tower structure only singly strung. 
At present Trinccaalee has 20 MVA sub-stations, of which 10 are 
alreedy taken. The Prima Flour Mill itself takes 7 to 8 MVA.

(3) Cost of Future Power Supply *
Electrical energy in Sri Lanka has historically 'reen inexpensive. 
However, in the last JO months cost per unit has escalated alarm
ingly. As recently as JO months ago power costed 12 cts. per unit 
plus a email surcharge for the KVA maximum a month. A recent power 
bill shows the cost of energy at Rs. 2/* per unit. This is largely 
due to the introduction of gas turbines which are notoriously ¿del 
hungry and were introduced only as an emergency measure until 
further hydro capacity was introduced.

In the future it is intended to use the gas turbines only for
peaking, i.e : to take some of the load only during peek hours.

« .

Z wes referred to the Commercial Manager of CEB, Mr. Senathipathi 
for estimates of future power costs. Mr. Senathipathi estimated 
that hydro power alone in 1982 and I98J would be £3 c/unit.

He said that in the past commercial power had been heavily sub* 
sidised by the domestic sector end this would not be the policy is 
the future. The days of cheap power apparently are over.

T 79
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la I9S5 oad 1986 when aspls supplies of power will be available
the coot will not be cheap beeav.se of the large capital easts of 
the hydro schscsd*

As on inetor.ee, he gave the ccet cf tho Eotmalo Project which was 
originally estiaaied to cost 3  Billion Rupees. The current estima
te of the cost is 6 Billion Rupees but it is widely expected that 
the end cost will bo acaewhere in the range of 8 to 12 Billion 
Rupees, thi» la for 2*0 KVA power station which is fairly snail 
by world standards.

Mr. Sesathipethi raid that the hydro ccheno vGUld be handed to 
the CBS on conpletion and they would then be saddled with a large 
loan re-payment. Bence, t - «  unit cost of the power could sot be 
osall. He estimated that power Jn 198** to *1986 would cost 
b. *1.50 per unit without the present oil surcharge. A Quick 
calculation Bhovs that 1 .5  per unit is of the right order 
since the interest and depreciation charges on 9 Billion Rupsea 
would be around 2 Billion Rupees per annua and the 210 megawatts 
power station would produce nrcund 1 Billion units per annua at 
55 percent utilisation factor. Hence, the aoney cost alone of 
this power station would be b. 2/*> per unit to which oust he 
added the running cost and the cost of the distribution systes.

Mr. Kotindeniya said that he would be writing a letter to the 
Corporation including the outcome of the discussion.

K.L.

'UNIDO* Teas Leader.

KLL/naj
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MEMO TO THE CHAIRMAN/MANAGi n g  e i r e c t o r .

Analyses Of Electrical Load - Pulmoddai
B s z s s s s s s s s s s s s c & s s s e s a a s f i s s r s z e s s s s a & c

An analyses of the electrical load at the Pulnoddai Plant is necessary 
both for reference and to determine how mnch electrical capacity remains 
for the proposed Wet Gravity Upgrading and Wet Magnetics Separticm Plantr

The existing sub-station is a dual 1.5 KVA, 33*000 V system (giving 
3 MVA) but the power line feeding the sub-station is of lower and some
what indeterminate capacity (se<r separate nemo).

»
1* Incoming Load :

On 10th August, I98I CEB Engineers serviced the mein meters measur
ing units and KVA maximum demand. Previously, only the watt hour 
meter appeared to be working. The KVA meter was obviously reading 
low and not responding to changes in load. The Engineers said that 
the metexs&ad previously been calibrated in the workshop to an 
accuracy of ♦ 2% but had been wrongly connected.

The new reading of the meters is considerably higher than the older 
reading, by at least 50 Kv and by some hundreds of KVA. At present 
power rates, the Corporation may well be paying an extra b.7C,2CC/a 
per month, via «-

60Kw x 30.5 days x 2k hrs x 1.U0 b/TSM hr ♦ (950KVA - 620KVA) 
x 20 b/KVA demand . 68,083 b/month.

With abcut 1 million b/yr. probably involved it is of some concern 
to the Corporation to see that the CEB meters are not reading in 
excess of the correct amount. Unless the Corporation power factor 
cetera are repaired there is no way of checking the Kw demand, 
hence the units charged. The KVA now indicated by Che CEB meters 
is considerably in excess of th&t indicated by the Corporation 
meters, so the latter should be checked.

Contd (2)
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Hor ere the Corporations ammeters consistent within themselves. 
The eua of the current Deters on low 'voltage ind«eatos higher KVA 
than the eein Corporation neter in the sub*station* Also- meters 
supposedly reading the sane current do not a~ree. It is therefore 
reconnended that one ammeter, one voltmeter and one ptwer factor 
meter preferably working on the bus bars for the 11 KV supply ex 
the gain transformers be sent for calibration to the CCS labors* 
tories together with their current transformere. There would then 
be an independent check on the CSS's charges*

According to the CIS meters then the marisun demand is likely to 
be
950 KVA 
6j0 Kw,
and power factor from 0*62 to 0*75* average 0*66*

2* Individual Load t
The KVA demands of individual sections such as Dry Kill, Southern 
Hwu~
"©using Complex eto* can be obtained from current and voltage 
meters, but these are of doubtful accuracy*

The Kv load of individual stations can not be obtained because 
there are no power faetor meters or watt hour meters* However, it 
is possible to sake an educated guess from the overall power factor, 
the nature of the load (heating, lighting, small induction rotors 
partly loaded, ete) and from overall power factors at times when 
one load predominates in the overall load.

Bearing all this in mind the following is the approximate position :

Section KVA Kw Eatii
Dry N111 205 131
Wet Kill 300 192
Zlsenlte Plant 150 92
Office sin 01 01

max 15 11
Workshop ■in 01 01

max 15 11

Remarks 
Constant loads 
when
operating.
Variable loads peak* 
lng at different 
tines*

Conid O )



Section Kw Estim ate Herarho

Leading min
mas

Southern min
Housing max
Northern min
Housing max

Total M a x i m a

S7A
00

35
35

135
06
25

930

oo ; 
*  : 
jo ; 

150 !
05 j 
22

643

Variable loads 
peaking at 
different tines

Load Limits Iroosed On New Plant :
The proposed plant will have to be confined to certain electrical 
load limits depending on what changes are made.

According to CSS's own formula the present power line has a capacity 
of 1.5 MVA, viz : 68 MVA miles ♦ 45 miles ■ 1.51» Tne Chief Systes.^ 
Planning Engineer says however that 2*0 KVA could be obtained with
out regulation. Hence, the new load would be confined to 2.0 KVA 
minus the existing load, which equals 1.05 MVA.

With power factor correction to the existing and new load and full 
use of the tap changing facilities of the transformers the available 
supply for the new plant would be approximately 1,450 kilowatts at 
powar factor in ezeese, of 0.9.

With a new power line in parallel to the existing power lice the
available load could be extended to the capacity of the sub-station
minus the existing load, i.ei 5 KVA minus 0.95 K7A e 2.05 KVA, so power
with^factor correction 2 megavattt could be obtained for th.3 new 
plant.

K - L  , 4 ' ~ *3 -**/
K.L. LITTLE,
( UNIDO ).

12th A-jg. 19$1.
KLL/nnJ
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R e la t io n s h ip  le tv /een  ".'.7., 7 , ' r. '  . ,  and h .V .A .r

h . . = J T ' ' o ' - t s  x Arps x Cos /. - . /T  V o lt s X - n s

:oc i  -  Tower Factor  =

1000

5̂ i s  the a s g l s  v.’h.i.ch the  

V oltage  l e a d s  the  cu r r en t  i n  the

Lin t

« J :

■■. r  Tan $

T he l ie j r a m  shov/s the r e l a t i o n s h i p s  and the way the a d d i t io n  o f  4-00 KV.'.r 

o f  power f a c t o r  c o r r e c t io n  c a p a c i t o r s  7/ould i n c r e a s e  the power f a c t o r  to 0 .9  

from 0 .6 7  reducin g  }?■!', maximum demand from 950 to  7 0 5 .  This would save  245x 20Rs 

= 4900 7.3 per  month v>2000 I;s per y ea r )  and would c o s t  140 ,000  Rs f o r  f ' e  

c a p a c i t o r  'un its .
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The p o s s i b i l i t y  e r t a c l i s n i n r  a t i t a r .^ u n  c x i : e

_'1 ■*>» - « ̂ .«s' -ч ̂  b “ 5* bo b3 C 'l«J Ì ci ' d ^’*r? tll'O ~>’o c l

h ir .j  s u c h  -a f a c t o r y  a1 p u l m o d d s i .  i n c l u d i n g  c a t e r  s u p p l y .

■Г ̂  r- •» »* ; p -f-

ems - d O . t  e s t o b l i s

had d isci;?

Г* л  •*. г* о/ *' ,л »» — г

1e r :;-:?г г:*сп а
; .. ^  р. , i  ± и  М -,

:ег  T u rrlv  Boar;

r .  Urra^e i s  e s t im a te d

1' C 0 '"1 ̂  U I* Г; a ver_r. To

o ly  be a v a i la b le  I

ninakumar, P r o j e c t  Manayer fo r  i 

. in  o f f i c e  in  T r ir .c o a a le e .

The r r e s e n t  7 г _ п с эс з1 е е  w ater su p p ly  was e s t a b l i s h e d  in  19*'2 fa: 

th e  I.'sval Base th en  in  the a r e a . x t i s  r a te d  a t  1  m i l l io n  £pd. 

T h is r a te r  sur.p lу r r e s e r .t ly  s n r p l ie s  th e  n eed s o f the A ir F orce

cm a lee , and r iv e s  

o f  T r in c c m a lo e .
a b lish m cn t and F a v a i I s t a l l i shmeut at i. ̂  .

imiv.ed s u o r ly o f  d r in k in g w ater to  hr. f? ti

s i s  a v a i la b le o n ly  fo r  a few h cr r s  a da;

Mr. Patnakussar so.id t h a t  i t  was proposed to  ex ten d  t h i s  r a t e r  

s u o r ly  to  8 m i l l i o n  £pd . C om rlrti .n date  ./.oild be March 19&3• “t  

i s  promoted t o  e s t a b l i s h  a f i l t r a t i o n  and c h lo r in e  t ie r ,  p l a i t ,

.V es ide  the K n r t a l a i  Tank and to  run Jk k i l o m e t r e s  o f  600  

i n t e r n a l  b o r e  c a s t  i r o n  p i p e l i n e  to  a ho ld i .n  t a n k  a t  p a l l a o u t c u  

n ea r  T r i . n o c n n l e e . I r o n  h e r e  i t  i s  p ro p o s e d  t o  run b r a n c h - l i n e s  to  

M i l o v e l i ,  Ihi.na Bay and hi  n n i y n i .  The s i n e s  o f  t h e s e  l i n e s  c o u l d  

be 300 mm, - 0 0  mm, ar.d 250  nr. r e s p e c t i v e l y .

The tank v/oul :. have a c a p a c ity  c f  A, 500 c u . n t r s .  and i t  i s  - 

proposed  t j  e s t a b l i s h  th r ee  secon d ary  r e s e r v o ir s  a t  Mnnkar.'.i 

2 , ^ 0 0  c u .  retro. ,  F ort Fed..-rick 1 , 2 0 0  c u . m tr s . ar.d M akkilu ttu  

- , 0 0 0  cu . m trs .

The 8 m i l l io n  ppd has been v a r io u s ly  a s s ig n e d  as shown in  th e  

a tta c h e d  t a b l e .  I t  would be noted  th a t 1 .3 3  m illio n . gpd has been  

s e t  a s id e  to  a Free Trade Bone and 1 ,J  m il l io n  ¡ppd has been s e t  a s id e

(Ccntd /  2 )
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for a proposed Tourist Conplex at China Bay. The balance has been 
set aside for various other purposes. These figures are intended 
to represent the needs npto the year 2000. Beyond then there is 
provision to extend the supply fron the sene pipeline to 12 ■ n u a w
gpd.

The requirenents for the pigaent factory should not exceed 1.3 
■illion gpd and oould be considerably less depending on the confi
guration of the factory. As an indication only.Batnakunar gave a 
prloe of b. 8/« per 1,000 gins, for industrial eater.

Kantalal tank, the source, is an ancient tank built in the fifth 
century. Zt has a capacity of 110,000 acre feet and presently 
irrigates 13,000 acres of paddy and 7,500 acres of sugar. While 
its catehaent area is fairly snail it received a of
30,000 acre feet per annnn ftron the Mahavell schene. The eatchnent 
area of Kantalal systen la given as 17b aq. alios, giving an 
annual run off of 221,000 acre feet. The requireaent of the water 
schene anounta to 10,000 acre feet. Ho intonation regarding the 
quality of the water was available* Zt is assured that it will be 
a reasonably soft water. Any further information will have to be 
obtained fron the Bead Offioe of the national Water Supply Board 
at Batnalana.

fron above it can be seen that there is the prospect of obtaining 
a reliable water supply fron the new water sebsae for Trincoaalee. 
This would be of the order of 1)1 a.g.p.d.

Begarding power supply,there is presently a 10 MTA sub-station at 
Trinoonalee nost of which is already assigned and there is to be 
another 10 MTA supply added in the near future.

- 'U ' ~ r  — ; - 
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TfllNCOHAL.CE WATER SUPPLY SCHEME -  HaHCH 1o3,5

J FLOW «SSIGNMHNT CONTINUOUS PEAK DISCHARGE

M .fi.D . 1 . / s . Peak Ti.’.c to r 1 . / s  .

Upstream 0.60 31 .60 1 .0 31 .60

N orth Ni In v e l i  Town 0 . 7 8 1A. 7 0 2 . 5 "O • O O

( N i l a v e l i ) T o u r is t  Complex 0 . 6 5 V* .,70 P. 5 86.00 ■

C entre ) A ir Forco L Navy 0.60 3 1 . 6 0 1.0 31.60
(T r in co in a lee ) Town ? . 7 1  • 1'tP.uO 7 . 0 785.00

South • Free Trade Cone (p ro p o sed ) 1 . 5 3 Ro. 50 1.0
*

80.50
( K in n iy a i ) Prima F lo u r  H i l l 0.05 0 ,7 . 6 0 1.0 07.60

T o u r is t  C entre (p r o p o sed ) 1 . 3 0 6 8.'to P. 5 -0 b 0

K in n iy a i 0.23 1 'u70 2 . 5 3 7 . 0 0

TCThL R .00
I 1

6 ,71 .00 7 6 7 . 3

f \ )
CO

\
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Degrereont and 
O. D. Lijunaeo. It Se.
I France) r^oleet Engl

Trtneonale. Is a yen 
Imgcrtunt and l is t  
crce-lng terra due 
nuUr.lv to th« . larro 
natural harbour ' In 
addition, tha areas tn 
the csrth  nr.d south 
of TKacorcata; are fast 
becoming verY popular 
tourist resorts, especial- 
1/ with the declaration 
c{ these ureas a ,  tou
rist development areas. 
b> the Government of 
Cri Lcnlta.

Trineomalee. a t  pre
sent, depends on a 
water supply scheme
constructed In IS13 by
the Erlllth Nicy ; to 
nt-tpt ti’-e no- : -menu 
at the armed forces 
stationed In Trlncr.ma- 
lec at that time. The 
capacity of this scheme 
Is one Hi million sal- 
lt._i pc- day which 
apt; Is sufficient only 
for tha requirements of 
Navy and Air Force 
•trillshments and for 
a  v ..y  rettrlvtod supp
ly to the central part 
of the town. The civi
lians aet pipe borne 
w an. only for a  couple 
of hours each day. 

g r o w t h

The commercial tnd 
' industrial growth J of 

these areas have been 
handicapped by the 
insufflolencv of good 
purified drinking water 
Aware or this short 
coming, the govern
ment of Sri Lanka 
’.ad been persuing va
rious avenues to ob
tain the neeeosary 
Foreign Assistance to 
Implement a  modern 
purified wafer supply 
system to cater (P tha 
needs of the town and 
tha surrounding areas 
At this Juncture In 1530 
the French Government 
gladly agreed to ft- 
sane* the foreign costs 
of tha project : " I t 
should bo mentioned
that the financing of
this project materialis
ed with the visit to

rcSf- lEne 1 Lon.. 
Resident . Manager—

Diploma D 'ln een leu r
neer _ GLCSrVR.

Sri Lanka of Mr Mo- 
nory. the then Minister 
of Finance and Econn. 
mlc Planning of r “ > i 
ana the signing ct the 
Financial Protocol for 
French Aid by Mr Mo- 
norv and Mr. Ronnie 
d> Mol the M'nlster 
of Finance and Econo
mic Planning cf Sri 
Lanka.

AUTHORITY
The national Water 

Supply and Drainage 
Board of the Ministry 
of Local Government. 
Housing and Const rv-- 
ticn. w'.-ich is the Au
thority responsible for 
all w ater Supply and 
Sjwago Schemes in Sr) 
Lanka, wlU be in chare» 
of the execution ol 
the new project The 
National Water Supply 
and Drainage Beard 
had previous!. car
ried out preliminary 
studies on this project 
with regard to the 
source, supply ore* 
and water demand, 
both at present, and 
projected fer the rear
3300 ad .

The French Authori
ties recommended to 
the Sri Lankan Go»- 
enunent * consortium 
of three French Com
panies. made up of 
GIZ13AIL. DEGREt 
MONT and SCEE/. a 
prepare the proposals 
for this project, and 
to subsequently under
take Its construction 
and commission tea The 
Government of Sri 
Lanka agreed to this 
recommendation. as 
each of these compa
nion were well-known, 
both in France - and 
Internationally In their 
respective spheres of 
operation. Further all 
three companies also
have much experience 
In Sri Lanka. ,

CSR3AR, Which »  ■ 
semi-government orga
nisation 1* a  well 
known consultancy

With the 
Compliments 

of

Group. This . group tn 
addition to Its Inter* 
notional activities» ore 
responsibly for ail ine 
dec:gn. construction 
ana operation of all 
tmcation. water supply 
one regional develop* 
ment projects In 'toe 
•Southern redoes cf 
France. :n cr.e Trtn- 
cómale*- . reject GET!- 
SAR are rcpcnslbl* for 
the engineering stCimcs 
And supervision cf con* 
struction They have 
been e-gx^cd In 6ri 
L*nxa In mrertirutlcns 
r.na designs for Nlivaia 
Gone* Basin f*cod 
projecton scheme.

DCORe-MONT |a in
ternationally well re* 
enpmsed it; the treat* 
ment of drinking water 

and industrial 
effluent. At present 
thev arc executing con
tracts in over righty 
countries of the world.

- io addition to per- 
гг *nent organisation» 

.1,- twenty six countries 
< a ; subsidiaries and 9 
llcnnees) Their treat* 
ment technlQU3a are 
the most advanced and 
efficient processes in 
the world. Her© ir. Sri 
Lanka DSGREMONT 
treatment plants are 
in operation In Handy 
and Ambacale and at 
the ROddcluw* Urban 
Development Scheme 
in  th? Tr.neom.sle» Pro 
Jeet. DECRDMONT ere 
responsible fur the spe
cial sed studies in ¿  Ue- 
stgns of th« treatment 
plant and pumps and 
the supply, installation 
and commissioning &f 
these.

S03EA i* en inter- 
naticnallv well-taiown 
Civil Engineering Con- 
tracitaj Group operat
ing in r.U'.nv countries 
in the world In the 
past th ev  have con
structs* in Ert Lanka 
the Towns of South-сГ- 
Colombo r.n<f Kandy 
Water Supple Projects 
In the Trincomaiee 
Project thev are res
ponsible for the laying 
of all pipes, and con
struction of all Civil 
Engineering structures. 
The pipes and specials 
that are Used for this 
project or* supplied by 
PONT-A-MOUSoOM of 
Franca the well- 
known pip* manufac
turera.

In eonformitv with 
aforementioned prelimi
nary studies of the 
National w ater Supply 
and Drainage Board 
the new project has 
been designed by the 
French proup of com
panies ( GERSaR-DEO- 
REMONT-SOUEA) The 
present designed capa
city of the project is 
eiiht f8»' million gal
lees per day <1515 m3 
/.hr) This capacity 
would be sufficient up 
to 2900 AD. ACCOTO- 
ingly. necessary pro
vision has be ел made 

1 to mercan the rapacity 
' of the treatment plant 
and the pumpuic sys
tems to twelve U2) 
million gallons per day 
/237* гаЗ/Ьгч after 2000 AD.

DESIGNED
ТакШг Into conside

ration ti>  cupp’7 area 
rceommcncd by ¿he 
National Water Supply 
and Drainage Board 
the project has been 
ricsiened to supniy 
water to Trincomaiee 
Town and up to NUa* 
veil to to» North end

Klnnm in the South 
which includes the pro» 
poceo tourut resorts 
Supply is also proviaed 
for h.ant-ial and 
Tharrbala^am. ■The nearest renobi* 
source 19 i  '.talal Tanx 
Aj such r - r /  water 
from this reservoir will 
be pumped to a  Treat
ment plant sited near- oy. The treated water 
wtU tnen uc pM/npea to 
a  rerrumtton tana citeo 
cn a mu in tne near 
viststty. and at cn e t^  
vaticn of
From this tank wao-r 
wm flow cy gravity* 
tn ro u ^  a euo mm 
tiiame.»r pipeline 34 
tar. lone to a reservoir 
at ra.luoui.ou near 
Tri:’.:cmalee to SU|>piy 
th u  town, r  rom nere 
¿he -apply will continue 
to reservoirs at *>aan 
Irani, near iJliavei] asu 
Ma;w-:Uuttu near Kln- 
niyoi. aU tnes« reser
voirs w:tp a  total 
eapocttv of 11000 :.:3
enstire a . satisfactory 
vilt uninterrupted supp
ly the oipc lines from 
hantaiai to these areas 
are cf ductile Iren of 
dunce tors CuO mm to 
£¿0 mm. and the total 
lensth is approxima
tely to run.

CONTRACT
Th« proposals and 

designs were approved 
Nr the National Water 
Simp;* and Drainage 
Board. The con :ract ic: 
tha execution of tha 
Project was signed to 
September 10&> bet
ween th» National Wa
ter Srppjy and Drai
nage Board on behalf 
of №9 Government of 
Sri Lanka and the 
companies of SOSGA 
DDGREMONT and 
GER3AR. The contract 
cs signed v &s for 113-5 
million trench Franca 
and 103 million Rupees 
The foreign component I 
(French Francs) is be
ing provided as a  
loan bv the Govern 
ment of Franc*» while 
the Rupeec ccmpcnect 
la being supplied oy 
to 9 Government of Sri 
Lanka.

I t  la hsertentog to 
know that the held 
woâ  has cow com
menced on thu pro
ject an* it is scheduled 
to be completed by 
end of 1922 sntisy- 
to» urgent need wbieh 
has been lens over
due.

VTCRTIIT
Here again is ano

ther worthy instance 
of friendly co-operation 
and assistance from 
France to sri Lanka, 
especir; ; )q th# field 
of basic necessities for 
Sri Lankana. This U 
most apprecatfo e* we 
are aware that still 
there or# many towns 
and villagers ip Sri 
Lanka. verT badl7 to 
need of punfied drink
ing water and good 
sanitation. These needs 
hay* been brousht out 
moot fcrcebiy during 
the last outbreak of 
cholera in various ports 
of th? Island.

As such, we are all 
the  mor» grateful to 
th« Government of 
Franca for fliskJr.T the 
TMr.eomalee 1 water 
Supply project a reality 
At ¿lie t am® time rra 
look f jrw&rd t ' much 
mor. similar generous 
acaistaoce from France 
m the future. to 
sehieve these basic 
amenities for good 
healthy Uvtop tor tinlAnl?fH«

f*'
>1. Frobv jataes* *2^ *‘i; 
Canada tQ Libya, th 

. m rren t flow* • betwf ' 
the • todustri^llsed 0 
industrlalliiaii countric 
and a  French firm b 
the name of "Cerater 

.which holds top place.: 
■ fits fnr  th? ¡nss’.
facture of Insulators i 

. tempered glass for hit 
— ar.i raedium-voitt: 
electric cables.

This flrra In Sal:: 
Terre... near Viet 
achieves 60 per ccn„ c 

> its  turn-over figure 
erperts. It* Intematl 
nal clientele inclucl 
Western countries ar. 
Third-world countrl' 
which have a large c 
m a n  for electrical a; 
other eoulpment. This 
the case for Iraq, irr • 
for Mozambique. 1. 
laya. • Ver.izuela a:. 
BrariL "Ccraver" is i 
•act on nearly e7e 
market, except for tl 
Eastern European bl&c 
India and China. : 
four yean, the firm t. 
supplied the 1.6C0.C 
Insulators intended i< 
the 3.09c kilometres < 
electric eahles a t Jam 
Day in Canada* order 
by “Hydro Quebec."

Tills bold ezpc 
policy has given t: 
company a re marital: 
boom :n the last t

V/,irmest

ICi3 iiilCHS
193 yenrs back, tod 

marked Cie storming 
l i e  EastlBe prlr 
whirl, paved the v.- 
for the estabUs&mr 
of esr.rtitu'.loaai fo: 
of government 
France, on  the oreaai 
of tha Fet< m uon
comnemor.-.an, t 
event the Atscnat 
of Fr».rco Ceylon 
’I ¿chnotoglsts Is prr 
to  extend our warm 
trllcttatlons to the ! 
public of Franca

Franc, and Sri L. 
kn hav, strong bo-, 
of fnecdahlu cud » 
comic cooperati... 
1 ,-nt.tL hos bern enri 
r . ’.vith French led' 
cal 'know how is 
fieU of energy, hour 
transport railrr 
in.gatlon, teJcccmmi 
cation and techm 
training through se 
ral development 
schemes o n , blL 
rnl agreements.' 'j 
dawn of a Soda 
Dominated Gon 
inent In France 
harbinger for the l 
tenr.ent of futur, ri 
tioss between the ; 
countries.

Our AJScclatl 
proud of Its 11 
with a  nation wh 
has kept it, place 
the vnngvard el te 
ne’.ogical developmi 
rends it* Greetings 
the Government 
th* People of n e rr  
cf France on Lhls he. dey.

S. tf. C. DC CZLVA 
Fruldent
Association of Fra 
Ccflsacse TerUaoIr glate.
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Appendix 9B Pulaoddai.
inpst, 19^1 *

MEMO TO THE CHAZBKAI/MAGZHa DIEKCTC®.

OP A i m  OF THE PROPOSED TBIHCOMAXEE WATEB SPPPLI

The precious h m  baa dealt with tha availability of tha pvoyeaai 
water supply to a poasibla Titaniua Dioxide Pigaent Plaat located at 
Trincoaalee. fhia iaforaation waa obtaiaad froa tha Project Manager 
at Triacoaalaa. Ha could not however giwa any iaforaatioa aa to tha 
quality of tha watar. On Triday tha 3*1 at of July I98I X visited tha 
Hational Watar Supply 1 Drainage Authority Officaa at Hataalasa to 
obtain information regarding tha azpaatad quality of the propoaad 
Trinaoaalaa water aupply from the Xantalai Tank. Troa tha Chief 
Cheuiat X obtaiaad aaalyaia of tha Kautalai Tank watar taken onaa a 
aonth during tha year 1930. Thia gitaa a profile of tha watar through 
the tarioua aeaaona.

Tha aaaplaa vara taken froa near the apillway and one foot below tha 
aurfaea. In aoae eases, two other aaaplaa ware taken, one at greater 
depth and one froa tha bottoa ef the tank. Tha results, however, did 
not differ greatly except that in one inatanee only, the bottoa aaapla 
had significantly higher iron content,

Tha analyaaa show tha watar to be fairly soft with a 2 to 1 range in 
total hardness depending on tha season. Moat of the hardness is 
temporary hardness which ia cheaply treated with quick line or Hydrated 
liaa. In aany cases, the total alkalinity, representing aostly 
temporary hardness, exceeds tha total hardness. Thia ia unusual and X 
waa told it was due to the presence of hydroside alkalinity or 'sodlua 
salts*•

The water is such softer and auch lower in total dissolved solids than 
the Xanoya water rupplled at Pulaoddal, and would therefore be better 
for sulphate route titaaiua dioxide pigacat plants and/or electro 
smelters.

X . l .  U T I L E ,

•UVXDO* Team Leader.

KLX/nnj
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30-12-80 29-11-80 21-10-80 18-09-80 19-08-80 09-07-80
APPSABANOE turbid Turbid Tnrbid Turbid Tnrbid Tnrbid

Turbidity
u n t t l a d 12.00 17.00 17.00 15.00 22.00 15.90
SSttlsd

pH 08.90 06 06O 07.20 07*80 07.90 07.20

» a a t  Goad 
m gaim /cw ?

150.00 188.00 175.00 185.00 280.00 275.00

Chlaridas 18.00 18.00 17.00 17.00 25.00 29 .00

TStal alkalinity
an CaCO^

75.00 70.00 81.00 101.00 128.00 158.00

total hardnaaa 
aa CaCO^

72.00 67*00 88.00 88.00 118^» 125.00

Total diaa aolida 97.00 95.00 112.00 119*00 179.00 178.00

Ultratoo ppa to at at tr tr tr

Mltritaa ppa ala tr at tr at at at

7*oo Aaaoaia 00.10 00.08 00.08 oo.oB 00*0* 01.58

dlbnainoid ■■wain 00.90 00.10 00.15 00*20 00.12 01.88

Zroa (1) Total 00.70 01.10 00.70 00.85 01.55 00.72
(2 ) Aaratad 

aattlad

Colour Bason Soalo 20.00 20.00 89.00 85.00 88.00 25.00

n w r i i M  (aa 7) 00.80 00.80 00.80 00.80 00.80 00.80

Snlphataa (aa 50^) 05.00 08.00 08.00 05.00 08.00 08.00

tOiptaiM M il ail l U all all ail

Units 1 ppa nalaaa e t k m i M  > U M  (parts par rtlliw)»

*



Continuation 132

07-09-80 08-04-80 18-03-80 26-02-80 21-01-80
AppEAfiAflOC Turbid

doUcht)
Turbid Turbid Turbid Turbid

Turbidity U M ttlrf 06 «80 10.20 08.80 09.00 16.80
aottlod

J* 07.30 07.00 07.30 07.60 07.60

llaat Coad 
MiBta/*3

290.00 275.00 2?5.00 260.00 330.00

Chlarldaa 24.00 26.00 23.00 24.00 21.00

Total Alkalinity 
aa CaCOj

134.00 119.00 120.00 120.00 114.00

Total Bardaoaa 
aa CaCOj

124.00 120.00 118.00 116.00 126.00

Total dlaa aolida 189.00 181.00 180.00 171.00 218.00

Utrataa ppa to tr tr tr at

lltvitaa ppm at at at at at

Tr—  aaaoala 00.10 00.Q3 00 ¿Ob 00.26 00.16

Albaalaold ■aaoaia 00.15 00.13 00.16 00.52 00.40

Zroa <1) Iron 00.36 oo.to 00.42 00.62 00.72
(2) Aoratod aottlod

Colaur Baaaa Soalo 12.00 15*00 15.00 20.00 23.00

flnovidaa (aa 7 ) oo.4o 00.40 00.40 00.40 00.40

dalyhatoa (aa 80^) 04.00 Ob ¿00 04.00 04.00 04.00

Maafaaaaa nil ail mil a il mil

Halt* s ppa aalaaa oltew iM  atatad (parta par a illlo a ).
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Ceylon Mineral Sands Corporation 
Pulmoddai.

27th April, 1981.

hnitnnn/W»nflg-t ng Director, 
Ceylon Mineral Sands Corporation, 
COLOMBO.

Report on Discussions with Irrigation Department,

In order to assess the adequacy of the Yan Qya anicut to supply the 
Corporation's present, projected end possible future water needs, I 
had discussions with the Irrigation Department at Trineomalee on 
Monday, 6th April, 1981 and Wednesday, 8th April.

Officers interviewed were :

M/s. K. Thevasagayam - I.E. Eq. 2.
T. ladarajah - Draftsm an.

7.R. Loganathan -  T e ch n ica l A s s is ta n t .

M r. E a jire e n , T e ch n ica l Superintendent was not a v a ila b le .

The Corporation's present needs amount to 600 imperial gallons per 
minute (164 c»m./hr.) or 1100 acre feet (1.37 x  10^ c.m.) per year 
(assuming 8000 hours operation). A  pigment plant at Pulmoddai would 
at least treble this requirement and other operations and personnel 
requirement would add considerably.

Last year, before the onset of the monsoon, production had to be 
interrupted because of shortage of water,and extra-ordinary measures 
had to be taken to obtain supply. The subsequent monsoon was very 
poor, yielding less ‘Qian half normal rain fall. Hence similar 
problems can be expected around August and September this year.

The problem lies largely in the 4 mile long open, unllned channel 
which conveys the water from the anicut to the pump inlet site.
Seepage and evaporation losses are excessive since the ohannij fre
quently spreads to a wide area of pondage and swamp, and since wild 
elephants frequently break the banks. The other part of the problem 
is that flow in the Yan Oya drops to dangerously close to requirements 
(i.e. 600 gpm). For months, last year, diesel driven pumps had to be 
Installed below the anicut to pump water to the intake site and the 
anicut was left open. The seepage and evaporation in the zdver bed 
apparently, were below those of the channel.

Cont'd..../2'
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A tank, the Omarakawa or Kandura tank lias 4 Biles upstream of the 
Anicut on a trlbutory of the Yan Oya and is available to supply the 
Anicut. A rating in acre feet for this tank was not available, but 
it appears quite small on the nap and its water is lost to seepage 
and evaporation and heavily pillaged aa it comes down stream. Hence, 
last year it was not of much assistance.

The following statistics re. the Yan Oya v»ere obtained.

Yan Oya -
Total catchment area :
Average yearly rainfall :

Hence x
Total rainfall in catchment 
Run-off, yearly average 
Minimum yearly run-off 
Minimum flew rate

The anlcut, being slightly upstream of the river mouth, misses 13 
square miles of catchment and the Huruluwewa tank of 55000 acre feet 
capacity collects water from the top 77 square miles of catchment. 
Sence, the catchment area available to the Anlcut reduces to 495 square 
miles and the above figures reduce in proportion.

Up to the present the Huruluwewa tank has proved to have excess 
capacities for its catchment area. It never overflows and some of 
its projected 10000 irrigable acres have had to be abandoned.

Tram the Corporation's point of view the bad news is

1) Work has started on a scheme to irrigate 1400 acres from the 
Yan Oya anlcut. The area is downstream from the Corporation's 
pump intake site on the same open unlined channel, so the 
Corporation's needs are met first. However, as previously stated, 
the Corporation's requirements cannot be met at times no a bad 
situation oould develop, with angry farmers demanding water.

2) There is a plan to site a new tank 6 miles upstream of the_anieut 
on the Ian Oya. This will be the Veddatalawakanda tank, also 
called the Yan Oya tank. It will have t

527 sq. miles catchment area.
46000 aore feet storage capacity.
9000 acres irrigable area.

Cont'd...../3-

2590 sq. miles, 1500 km •
55 Inches , 1400 m.m.

I 1.73 million acre feet, 2135 x 10^ m 2 3  * *. 
* 319000 acre feet, 395 x  106 * 3.
: 100000 acre feet, 123 x  106 m 3 . 
x 850 g./xain. , 232 em/hr.



Also the Wahalkada Wewa, an old tank is to ba restorad and 
there is a plan to build another tank, Batmale, a further 
14 Biles upstream. This *111 have i-

396 Sq. miles catchment area.

26000 acre feet storage capacity.

5000 acres irrigable area.

Cont*d......./4~



There is, some doubt the latter plan will be Implemented. The 
T.eddatala^waksnda tank could, however, be mb  little as 12 months 
nway or as much as 10 years.

During some stages of construction at least flow may be interrupted 
and the Corporation will run short of water.

Properly managed, however, the tank could ultimately stabilize the
dir tACorporation.' s supply by holding back water for release in the day^ 

season. This depends on the Corporation's requirements being 
scheduled into the Irrigation Department's plans.

The good news is that the Huruluwewa tank, 42 miles upstream of 
the anicut is soon to be supplied with water from the Mahaveli 
Scheme. The water eminates from the Amban Ganga, a tributary of 
the Mahaveli, and comes via the Elahera anicut and the H.C.P. canal.
The overflow from the Huruluwewa irrigation area, assuming there is 
one, will then supplement catchment water in the Yan Oyaj and b o  

improve mum flow at the anicut, whose storage capacity is so 
small as to be hardly worth considering.

Recomsendatlons and Conclusions :

Thers is a need to liase with the Irrigation Department to ensure 
the Corporation's current and future water needs. The proposed 
Teddatalawakanda tank has the potential to supply current and even 
modestly expended water needs provided its outflow Is controlled, but 
this has to be arranged with the Department.

The Department should be querried, preferably at a Kindstry chaired 
conference about its plans, particularly :

1) regarding the timing of the tanks construction.
2) whether flow will be interrupted during construction.
3) whether the Corporation's requirements have been taken into account.

If the tanks construction is to be delayed indefinitely a large bore 
pipe line is required from the anicut to the Corporation's pump intake 
site to avoid heavy losses in the channel currently used.

i.L. Little.
(UNIDO Team Leader). 
KLL/lm.



„ ; ' CHT*'ICAL A*'*T,T3I°) RE3ULT3.

Coures » ïan —, Oya •

Point of co llection  of eaijples •• At proposed Anicut

Max» Concentration ' jj 
Acceptnblo/allowable for 1 
drinking purpose CP.P .H, ) '  N

i Cato of collectioof , * 10.5.73 6!6.?3 . 26.6.73 12.7.73 26.7.73 27.7 1C.8
■I

t 1 Appearance :
f. J.-i -‘'-1 ■

S lish tly  
Turbid "

Coloured Coloured Turbid m
[

I i" Turbidity ( s i l ic a  
| ■ - > scale)

5.0 So (j . t .u) 1.7 2 .6  UM . 0) 5 .2 5 U ilic a )  
1.9 3.5 6.8

t
J

r..( Colour (Samoa 
“-, • ’Sonie)

25 SO ■ 30 30 ■ : ii
>” Colour (after .; — 
i. ' -,  ̂ . , f iltra tio n )

4o ,, m
é - ■ .

v ,
i ’pH 7.7 7.6 7.6 7.4

7.6 7.4 
(7.0-Ô.5 /  6. 0-

7.2
■9.2 :

• E lectrica l Conduc- 
; t iv i ty  (1 /Mesoha 
)■ ’ - par ca J) ■

9̂ +0 ■ 550 1220 2200

t-
2400 2710  . 800 1

*
i
Ü
j

) Chlorides 24i .IMS 1 ’ 374 ’ 520 564 (200 /  600 122  : *<1’ ' - , ■ M
’. T o t a l  û l h a l i u i t y  -,

C&a.Ca Co„) 262. ■ 120  236 -270 .224 ' v  ' 212 ,. 1^0 ii
' ' ■ P '___  ■ * ■ ■* __ .i- __11
Total îlardnesa ’•

(aa Ca tia; ; , 308 .;.’ 220 , , . 45b , 600 ■ ’ ■ 652 (100  /  500) y 201* i ;

f . Total Soliûa • 623.’ ; - 360 1 812 1458. ,
■ /

158 5-. (500/ 1 5 0 0 ) 5 0 0  i 
:• ' 1793 • ’ .. ■->;

' H itritoe Minute
Trace

Mim̂ to
Trace

Minute -, 
Trace

Minute
Traoo * * -,

Trace
•* >i

Trace Trace lA,

filtrates Minute
Trace

' Minijto 
True 8

Mir.uto
Tz-ico

Minute
Trace • Trace »’■ ; :

, . ,  .....■ 'jj
Trace Trace"!

1 JTreo Ammonia 0.044‘ • 0.493 0 .12 8 0 .10 8 •39 0.06 .2  -, - .384 |

Albuminoid 
' /' Ammonia O ^ l^ - • ' 0.427 0.64 0.288 ‘ -.63 0 .1 5

‘ v |
. 6 1 . : .564y

Total Iron 0 .2 , 0.2 , 0 .3 2 0.36 .35 0 .3 /1 .0  .32 , . .5  d

Sulphate , a-~l’TV y  -  i ’ - 14.5 «• ■ -  r “ : »

i >»*•’ s • ’ 1 ' , v
' Hotel (I) AH resu lts given a^ove era in ppm

' r : 1)
unlooo othoryri.no stated, - * - ' I

Sample collected after sligh t rains.
y - - 

„ } ‘ v-
■ ; - r' . /
• ; /p e ; i ' y 

1 .1  - ' ■. /

i A‘ • > - .'( ' . 
‘ -"•r

• ' /■ 
■M

. :• \
, ' . ‘ v“

vt'yy'
-d y .y ,
~ ‘ ̂ r ' ' V, ' ' ..

'%• ,r 1 
* 1  ̂

'ny''".11-
1



Aonendix 10 138
FINANCIAL JUSTIFICATION o f  WGU & Plant

(1) Without up-grading of ilmenite and limited sales of i l m e m t e  
Ore assay assumed :-

within the heavy mineral component 
Ilmenite Eutile Zircon Other Magnetics & Non Magnetics

7 2 % _____ 8% 7* 13SL.....
in*' —

’ Note j- there is some doubt on these figures as there are conflicting reports 
from 85* heavy mineral to kO% heavy mineral - average 60* H.M.

7 years mining at 59 to 125 t.p.h. - 85 t-p.h. average
7000 hrs/year out of 8550 pomsible - 82*  operating time

tonnes of ore mined 7 years x 7000 hrs x 85 t.p.h. ■ ^,165,000 tonnes

Eecoveries assumed :- *
Mining Wet gravity Wet magnetic Tabling

X  up-grading X separation X  plant &
dry Mill

Overall

Ilmenite 100 x 97 X 98 x Not m. 95.1
applicable

Eutile 100 x 97 X 95 x  98 m 90.3
Zircon 100 x 97 X 95 x 65 * 59.9

Tonnes per hour produced :«

Ilmenite 85 t.p.h. x 60% E.N. x 72% ,assay x 95* :recov. m 3^.9 tpfc
Eutile " " X " * X 8% " X 90% tl m 3.67 "
Zircon ft ft x fi n x 7% " X 59-9 It 9 2.1*f "

Tonnes per year produced :•
Ilmenite 3^-9 t.p.h. x 7000 hrs/year 0 2M»300 tonnes
Eutile 3.67 " X  ” 91 tl m 25690 If

Zircon 2.1^ » X  «  " ft m '1^980 M
—  ^

3 1 - 0 1 - 8 1
KL:QA
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RETURNS

t.p.y
A S/tonne 
E.O.B.

s l
Total

b.<SA - 21.2 b)

lime r. ite 35000* 20 700,000 14,840,000

fiutile 25400 300 7,620,000 161,544,000

Zircon 14800 70 1 ,036,000 21,963,200

Total 9*356,000 198,347.200

* Salea only, allowances cade for shipping losses

Capital Investment
M b

Wet Magnetic Separation Plant including 
mining, pipeline, wet gravity upgrading, 
wet magnetic separation, excluding dryer and go-down 

tenderers contribution
Corporation's contribution(electricity supply)

Alterations to existing plant for greater throughput.*

( existing plants capacity I- 15000t.p.y. rutile 
7000 - 8ooo t.p.y, zircon)

Existing plant at book value (31-12-30)

Sarthooving equipment (new)

150
15

25

117

- 1
312

31-01-31
K U Û A

J
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M h

Salaries, O.Ï., E.P.F. & Bona» 870 employes x 13200 Is
each

Contract stevedoring 

Employees Loans 

Fuel D7-6gph, lla in  Drysr-18 gph, Zircon 
Dryer-7gph, Eutile 3gph.
Loaders, Tracis, Vehicles etc* :- 
4 g.p.h., Pleating craft - 2*5 g/hr
Say 45 gph x  7000 hrs x 27 b/gal

Lubricants

Postage, Telephone, Telex

Sales Promotion

Sundry Expenses - rent, rates, printing fc stationery,
entertainment, insurance, legal, 
lioenee fees, lorry n a m i n g  expenses, 
bank charges, staff welfare, analysis 
fees, royalties etc*

Research & Survey - to dilineate reserves

Add contingency 15#

Add depreciation -  312 o b  £  13 years
Total

11*5

.6

.3

8.5

.1

Repairs, Maintenance - Consumables Plant 6.0
ft 14 n Head Office *
ff ft »t Floating Craft 2.8

Electricity ( Existing riant - 500 K.W x 7500 hrs
| X 55 to/K.tf hr 2.1

( Projected Plant -1200 K.tf x 7000 hrs
( X 55 b/K.tf.hr 4.6
f Sundry .1

.5

.4

1 .0

VI .0 
6.2

24.0
71.2

31-01-81
KLlQA

A
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HСЭТИI?  Я Л IИ ГЛ LL _ PULHODDAJ
а  3 n  :i S U S c a s a s S C C  —
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LARCH 2,?3 c?> 0.73 C3 1 .2 1 06 2.69 03 0.71 01 - -

Л Г ;1И . 0.33 03 2.16 oG 1.0 1 06 3.46 05 - - 4.81 О?

И A ï 2.26 04 O . 3I 02 3. ü 4 05 0.49 03 3.59 05 1.33 05

JUHiS 0.09 02 4.75 05 0.67 04 O .05 o l 2*156 04 0,07 o í

J  U LT 0.36 0-4 0 , o 4 01 2 . 7? 05 2.73 03 1 . 5’> 02 1.83 04

A ¡J G U S Г 4.29 06 4 . 3? 03 0.06 01 0.23 01 1. 3? 02 0.0  7 01

ÜK PTfclM JGIl
As

1. 4 ? 07 3 . 9? l ü 9.62 12 2.41 c 3 9. 5? 18 0.66 03

с е  1ч,э .-:н 4„3o 10 7..35 11 14.34 20 15.26 17 1 5 . 9З 17 3 • a * i D

K üV S H3.4?. 14. 96 21 12.80 24 1?.03 21 16,13 13 15.80 24
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i nn^nd i v 1 7 A* * i '  — » - - - -

i'iz Irsr.. The mcfte:; ire-; tap;.fro::: : e bias: furnace is calie-i
pig '.-an cr cast nv-’- 7!c«* ccir.p.jsiiijn o: this -iioy wriLbe ¿beat
US lePOWsi

90-55% Si 0.7-3.5%
3.5-4.57 à 0 .02-0 .12%
0.5-0.Sr4 ?  0.10-0.90%

Th? particular composition desired is obtained by proper csiectioa c: 
the ores rod by regulation oi cite furnace temperature; the manganese 
ani silicon content is iargeiy determined by the temperature, ant 
tftjs also has some effect or. the sulfur content; low-phosphorus iron 
can be secured only by using lew ohosph oris ores. The amount of 
silicon tnd ocher met_ihids wn! affect the so.ability of carbon in the 
.molten iron.

Iren and sing collect continuously :n the crucible and are tapped 
at intervals. Commoniy, the iron is tapped four or five t;rr is every 
24 hours, and for a 1000-ton furnace this means that 200 to 250 tons 
of pig iron (“hot metal”} are tapped at each cast.
The Blew. The tnoltcr. metal is poured into tire convertor while 

it is turned down .-o that the tuyères are no; covered by the mol:on 
metai. Scran steel is a-lded i; nevssary w. cool tbs metal. tue air is 
turned cn, and the converter is turned to tire upright position.
Firs: During the r.rst 'tape of the operation there is ro

flame at the converter mouth; during tills period trie silicon and 
manaancse arc being oxidized. The cold air a.,rating the molten metal 
oxides the iron to FcO, and this in turn immediately react; with the 
silicon and manganese.

2Fe *  Or — 2r eü; MI = -  I2S.UC0 CD

2r cO -  Si — 2Fe -  siO:. Mi  = -70,200 Cni

FeO -r Mn — Fe 4- MnO: Mti = -20,300 Cal
These ••>• : ... .rm c reactions provide most of the heat for cue operation 
and raise the temperature of the bath considerably during this first 
stage. The 5iO; , MnO. and sonic FeO combine to form the slag. The 
metalloid content of the pig iron is important because it déterminas 
the nature of the slag formed unci the amount uf he_t generated.
Second Stage. After most of the manganese and si’dtea arc gone, 

the carbon begins to bum:

2C — Oc —* 2CO; MI  = -52.3ÙJ CM
The CO escaping from t:;e bath burns to CG_. at me converter mouth, 
and gives rise to a long flame iFig. 12;; when this Same props, the 
blow- ¡s over, the converter is turned down, and the rust ai poured into 
the iadle. The heat evolved during the second stage u just ..bout 
enough to maintain tiie hath temperature.
Control. The entire blow will las; for only 15 minutes or so. 

and at th? end of that tune practically all the carbon, manganese, e.r.c 
silicon will be gone, runes me operation ;3 to rapid, it is essentia! 
that the blow be stopped at just the proper instant, and taut the 
finishing temperature be held within certain limits. Former:-- •Si ei.h 
point was judged by the visual appearance of the darne, bu; today the 
photocell or electric eye is used to give a more precise determination 
of the end point.
Oecxidisin*. Ferromanganese or some other i c-oxidizcr is added 

to the blown metai to remove the residual oxygen remaining in the 
metal. Usually a part of tne deoxidizer is added direct:;- to rhe 
converter, and the rest added in the ladle. For certain -ivies of 
steel the metai is allowed to stand for a while in the fa die t permit 
the slag and oxides to rise to the sun ace. After the deoxidation i?

Fe
Vw
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Appendix 12 b.

Expected Composition of Raw Iron from 
Electro Smelting Operation______

based on Test Smelting at Zaporozhie, 1976.

C S P Si Ti Tin

Sulphate Slag 2.36 0.14 0.25 0.11 Q.05 0.06

Chloride Slag 2.55 0.06 0.15 0.06 Q.CL2 0.04

4



Appendix 13

typical IIm enit e Assays

Ti 0 Fe 0 FeO Cr 0 V 0 ZrO SiO MnO MgO CaO A1 0 Comments
2 2 3 2 3 2 5 2 2 2 3

CMSC tVx,. mi 11 0.18

CMSC I'm. M ill 53.6 22.2 20.2 0,08 .20 .40 0.92 0.80 0.90 0.15 0.70

Australian east coast 47.2 17.0 23.9 4.3 0.1 0.2 2.1 3.70 l i t t l e  sale

Capel Wa primary 54.8 16.5 24.0 0.03 .12 .2 1.1 1.3 ..18 .01 .75 Sulphate feed

Capel WA secondary 59.3 15.0 18.0 0.08 .12 .4 1.2 1.2 .18 .01 1.2 Chloride feed

Eheabba WA 59.9 29.0 5.4 0.16 .16 .8 1.2 1.1 .26 .01 .6 p a rt ia lly  £  
al tered

Yoganup WA 59.0 31.6 4.5 0.05 .18 .36 1.3 II II

Yoganup fu lly  altered 83.5 8.4 0.0 fu lly  altered 
to leucoxene

Finland, Kemira 45.2 8.8 38.7 0.005 0.26 ? 2.0 .65 1.3 0.6 2.0 sulphate feed

USSR "Lenina" 57.9 32.3 5.1 0.03 0.18 4.2 .43 .46 .41

"Irsh a " 51.7 13.9 29.4 0.03 0.14 4.2 .70 .48 .40

Norway Titania A/S 44.6 11.5 34.7 0.07 0.18 2.65 .29 4.6 Q.2 .68 sulphate feed 
hard rock

ilndia ’Q* GradeQuilon 60.6 24.2 9.3 0.12 .15 Q .9 .9 .96 losing to 
market

MK Grade 54.2 14.2 26.6 0.07 .16 Q.8 .4 1.03 1.25

Ratnagiri 51.9 20.9 23.7 ? ? 1.86 .4 .37

Malaysia 57.7 16.8 18,5 0,04 ,02 1.3 3.4 Q.l .4 i . a
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typ ical Ilm enit e Assays (contd)

Ti Q
2

F« 0 
t 3

F«Q Cr Q 
2 3

v  a
2 5

ZrO SiO 
2 2

MnO Mga CaO Al 0 
2 3

South Africa.Umqababa 50.5 9.2 38.2 0.20 .12

Isip ingo 46.6 9.1 39.5 0.10 2.8

New Zealand Westport 46.5 3.2 37.6 0.03 0,03 .4.1 1.7 1.2 1.4 2.8

Canada Lake A llard 34.3 25.2 27.5 0.10 0.27 4.3 .16 3.1 0.9 3.5

USA ASARCO Lakehurst NJ 60.2 29.3 3.6 0.14 0.09

Trail Ridge Florida 64.8 26.0 4.8 0.07 0.12 1Q.35 .35 1.5

Titanium Ent erprises 
Green Cove Springs 60.3 26.3 5.6 0.22 0.14

N.L. Industries

Adirondack NY "61" 44.4 4.4 36.7 .01 .24 3.2 .35 0.8 1.0 .19)
)

1.79)Adirondack NY "62" 44.5 5.8 38.0 ? .14 2.5 .50 2.1 0.6

Brazil
"Nuchelon" Co. min 55.4 28.6 6.6 .05 .17

max 58.9 38.6 1.15 .45

&

Comnen ts

not mined yet

Sorel slat) 
feed

hard rock 
sulphate feed
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A p p en d ix  14 T y p i c a l  P r o d u c t  A n a l y s i s  ( C h e m ic a l  <3 S c r e e n  )<sCuaramtees

r

ILMENITE

Chemical Analysis Percentages

*—1 О
Г

О 54.58

Fe2°3
23.15

FeO 18.11

Si02 1.51

Zr02 0.02

a i2o3 1.18

MnO 0.37

Cr203 0.07

v 2o5 0.09

MgO 0.85

CaO 0.08

P205 Traces (¿ 0.1%)

Total 100.01

2) Screen Analysis (BSS)

Usual

+ 60 0.30%

+ 72 0.32%

+ 100 12.72%

+ 150 40.82%

+ 200 33.82%

200 11.90%

Guarantees:
TÍO? 53% Minimum

Less than 2 Der cent
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Chemical Analysis 21 Screen Analys is

Tn02 96.4% + 36 NIL

Fe2°3

О00• + 60 NIL

Si02

**00го• + 100 9.7%

Zr02 .74% + 150 47.0%

a i2o 3 .16% + 200 40.0%

s NIL + 240 3.0%

P Less than .001% - 240 .3%

LOSS - •

TOTAL 100.0%

Usual Guarantees

Ti02 95%
-

Under present conditions, 

“Standard" grade of rutile i.e.

STANDARD GRADE ZIRCON

1) Chemical Analysis

ZrO

SiO

Fe203

Ti02

a i2o 3

2) Screen Analysis (BSS)

+ 100

+ 150

+ 200

+ 240
- 240

it is possible to offer a recognizee 

95% TiO2 minimum 

1.0%'Zr02 maximum 

1 .0% FC2O3 maximum

Percentage

66.3

32.6 

0.10 

0.23 

0.25

Percentage

0,1 ;■
8.4:=

60.8

25.6 
5.1

lOOff
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Usual Guarantees 

ZrÛ2 65% Minimum

Again under present conditions, it is possible to offer a recognized

"standard" grade of zercon, i.e.

• Zr02 653Ó minimum

Ti02 0.336 maximum

Fe203 0.1% maximum
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Appendix 15
\

Rates of Exchange per US$1 ^
F

Year Sri
f

Lanka Rupees Australian $

Av. 3 0 th June

,70 6.4О 6.13 . 8 9 3

' 7 3 6.4О 1 5 . 6 /£S . 8 5

'?â 6.5О t!

' 7 5 7.00 .754 (devalued)

' 7 6 8.5О 8.68 . 8 0 9  ( 3 0 =6 =7 6 )

'll 8.88 7.28 • 92

>78 15.50 15.72 .871
179 15.55 15.63 . 8 9 1

'SO 17.10 .86

'81 19.00 . 8 7

>81 Oct 21.10 . 8 7




