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Introduction 

The following special report is submitted in conformance vith the UHDP 
Preparatory Assistance Project HAS/79/06l/B/01/l8 for the Regional RCA 
Project Proposal for Asia and the Pacific on Industrial Applications of 
Isotopes and Radiation Technology, dated lU March 1979. 

ihe report addresses itself to issues set forth under the Twelve Month 
Preparatory Assistance Froject, Part III. Terms of Reference, items 8(a1,(b),(c), 
and (d) stated as" follows: 

la) making complete assessments of technical, economic, and commercial 
opportunities for isotope and radiation technology transfer to 
major industrial segments in developing RCA countries with particular 
reference to rubber, plastics, wood products, paper, steel, tin, wire, 

cable manufacture and related process industries. Special attention 
will also be given to establishing that all technology transfer efforts to 
be undertaken are Regional in character; 

(b) negotiating with participating RCA Member States "agreement in principle" 
on their participation modalities and contributions to the Project. This 
recognizes that individual Governments will normally require special actions 
and approvals in their national budget process and they will represent the 
binding commitment by Governments; 

(c) carrying out the necessary activities to produce a suitable Project 
Document and work plan for a Regional Project on Industrial Applications of 
Isotopes ard Radiation Technology for developing countries in Asia and the 
Pacific region; 

(&) presenting to UHDP a Project Document, work plan, and budget. 

The data and information presented in response to item III 8la) is the 
result of a series of Working Group Meetings with expert advisers as follows: 

1. Regional Certification of NDT Practice According to International Standards, 
Singapore Institute of Standards and Industrial Research, Singapore, 
2-3 October 1980. 

2. Tracer and Nuclear Analytical Techniques in Industry, Bhabha Atomic Research 
Centre, Bombay, India, l'J-15 October I98O ,Tokyo,Japan, ?8-29 October 1980 
and Vienna, Austria, 17-19 November 1980. 

'% NnMoonir Control Systems for the Steel Industry, Bokaro Plant, Rokaro, 
India, 16-17 October 1980 and the Rourkala fiteel Plant, Pourkala, India, 
18 October 1980 in collaboration with the St.'iel Authority of Tmiia. 
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U. Nucleonic Control Systems for the Paper Industry, Siam Kraft Paper Company, 
Ban Pong, Thailand, 20-2U October 1980. 

5- Radiation Processing, Nuclear Instruments Maintenance and Regional Certif i 
cation of Non-Destructive Testing Practice according t o International 
Standards, 27 October - U November 1980, Tokyo, J a p e . 

6. Radiation Processing, Jakarta, Indonesia, 6-7 November 1980. 

Consultants and advisers to the Working Gr̂ up Meetings are l i s t ed 
in each Sub-Project report. 
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SUB-PROJECT 1 

TRACER TECHNOLOGY IN INDUSTRY 

IN 

RCA COUNTRIES 

THIS DOCUMENT IS BASED ON THE UNDP PREPARATORY ASSISTANCE WORKING GROUP 
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1. a. Background Statement on Tracer Technology in Industry 

Radiotracer and nuclear analytical techniques now have an accepted 
and important role in process plant technology. These methods are bene
ficially applied in the chemical, petroleum, cement, fertilizer, and 
metals industries for determining dynamic conditions in industrial 
process streams such as flow velocity, residence time, diffusion, the 
percentage of a recycled product and leakage from one process stream 
to another. Major economic value is also realized from the use of tracer 
technology to verify actual plant operating conditions against plant 
design and for diagnosis of irregular plant process-production performance. 

Industries in RCA Member States can benefit from the acceptance 
of this technology. In recognition of these benefits the IAEA has 
supported in the 1970s Regional training courses in tracer techniques 
to promote industrial use. Increased emphasis continues to be required 
to realize fuller technology transfer and use-

To support planned technology transfer work, the Bhabha Atomic 
Research Centre (BARC) will serve as a focal point and centre of excellence. 
The BARC will make available for Regional use its expertise and facilities, 
for purposes of providing special training and demonstrations, workshops as well as 
seminars for management and plant operators on methodology, economic 
benefits, and safety. This activity will also include management of experts 
for "in plant" demonstrations of nucleonic process control technology in 
plants and factories selected for this purpose in India and other 
participating RCA countries. 

b. Background Information 

Since 1911, when Hevesy started his pioneering work, there has been 
a rapid growth in the range and variety of applications of radiotracer 
techniques in many branches of science and technology. During the last 
fifteen to twenty years in particular there has been a steady diversification 
of tracer technology* for industrial process control andpiant production management. 
This has been mainly due to refinements in radioisotope processing techniques 

.../ 
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which made it possible to provide a variety of radioisotope compounds 
ranging from simple chemicals to chelates, particulate tracers, oil 
soluble compounds and gaseous tracers. Radioisotopic tracers are used 
to obtain such information •* mass flow and transfer processes which often 
cannot be obtained by any other conventional methods. These include flow 
measurement, flow meter calibration, system kinetics and leak detection 
which can result in considerable economic her. *it. 

Knowledge of process flow patterns is important for designing 
automatic control procedures for industrial plants. A single tracer >-udy 
can often provide the necessary information for implementation of control 
procedures on a routine basis. 

A minute amount of radiotracer is sufficient to generate the basic 
dynamic response in an industrial system and it can be introduced as a 
practically ideal, momentary impuse without disturbing the physico-
chemical behaviour of the process. The resulting impulse response is 
equivalent to a weighing function or an input/output model of the process. 
The wide variety of process applications of radioactive tracers are: 
- residence time distributions 
- ventilation studies 
- flow measurements &nd calibration of flow meters 
- mixing rates of fluids, powders, slurries, gases, etc. 
- air and water pollution studies 
- tracing the movement of a specific component in a system. 

Leak detection is one area of application of radioactive tracers that 
has probably the highest benefit to cost ratio among all industrial 
applications of isotopes. Radiotracers, by virtue of their special 
characteristics have becone indispensable tools for leak detection 
in industrial systems and components. Of particular interest is the 
detection and location of leaks in buried pipelines and gas filled 
cables for which radioisotopic tracers can alone provide the answer. 
Besides leak detection, radiotracers are eminently suited for 
detection of entrainment losses, channeling and blockage in processing 
equipment. 

.../ 
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Studies on rate of wear of machine tools and industrial components 
are an important part of industrial research with large economic implications. 
Radiotracers provide an elegant method for such investigations un.er a 
variety of industrial conditions. Automobile industry and steel plants 
are the two most important users of the radiotracer methods in wear studies. 

Among the industries that benefited most from the use of 
radiotracer methods for process control and trouble shooting are the 
fertilizer, cement, chemical, petrochemical, steel and electrical power 
industries. Though the type of information usually sought from tracer 
investigation is broadly the same with variations of technique, special 
mention may be made of petroleum and steel industries which usually have 
in house trained manpower and facilities to carry out tracer studies on 
a routine basis. In developing countries these studies have normally to 
be entrusted to national research centres. 

The main application in the oil and gas industry is in exploration 
and production logging. These include all the major oil fields operation, 
well drilling, well completion, well treatment and secondary recovery. 
The information obtained usually refers to the location of loss of drilling 
fluid, drilling fluid balance, channeling and hydraulic fracturing. 

In the steel industry, the most important application of great 
economic benefit is monitoring of wear of refractory lining in blast 
furnaces, open hearths, ladles, mixer wells and Besmer converters. 
The other applications include determination of slag content in the 
molten metal, transit time and distribution of gas in blast furnaces, 
determination of molten metal mixer efficiencies, etc. The main 
applications of tracers in the cement industry are in the investigation 
of mass flow characteristics of slurries, the determination of residence 
times in different zones of rotary kilns, wear rates of steel balls in 
grinders and residence time distribution of cement in grinding mills. 
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2« Regional Profile - Infrastructure Needs and Availability 
Of the countries in the RCA region, India, Australia, Japan and Singapore 

have considerable expertise in tracer technology and have applied them in 
the course of several years. For various reasons, tracer techniques are 
not currently operated upon by a centralised group in Japan - perhaps 
because of the rapid growth of giant industrial complexes who may have their 
own groups of trained staff for such work, as in the case of Nippon Steel. 
Singapore does not have a reactor or a nuclear centre, and the main industrial 
benefits from nuclear techniques have been in the field of NDT, due to the 
excellent work of Singapore Institute of Standards and Industrial Research(SISIR). 
SISIR has carried out tracer investigations in some industrial operations, 
particularly in refineries. However, this has not been a continuous and 
ongoing activity because of the pressures of other programmes and the fact 
that SISIR's main objectives are not in the field of applications of 
nuclear techniques. Australia has a full-fledged radioisotope programme 
at Lucas Heights and has developed excellence in several speciality applications, 
particularly in nuclear gauging for the mining industry and in hydrology 
using tracer techniques. However, there does not seem to be a continuous 
and ongoing programme in developing tracer techniques for tackling industrial 
problems. Again this is probably due to the fact that Australian industry 
is fully self-sufficient to resolve their problems through their own specialised 
groups in this field. 

In India, the Bhabha Atomic Research Centre (BARC) has a strong radio
isotope group, with about 1»00 people, including 150 scientists, working on 
the production and applications of radioisotopes. Over 60 scientists are 
working full time in the industrial applications programme and are engaged 
in the development of techniques, in field applications to resolve industrial 
problems, and in training programmes to educate industry at both management 
and technical levels. The Isotope Group in BARC, with its excellent 
facilities and trained staff, has developed considerable expertise in tracer 
technology over the last 15 years and has an imposing record of field 
experience on account of its continuous and effective interaction with 
industry. In fact, Indian industries have come to recognise the useful role 
that radioisotopes can play to solve many of their problems. The BARC may 
thus be considered to be a centre of excellence in this field. 
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The potential for applications of tracer technology in developing 
countries is considerable, and a great merit for the transfer of this 
technology is the relatively small amount of infrastructure this would 
specially require for its adoption. The essential requirements for 
introduction of tlr's technology are trained manpower, effective interaction 
with industry, availability of radioisotopes, nuclear equipment for 
field and laboratory use, and a small laboratory for radiochemical work. 

Most of the countries in the Region already have nuclear research 
centres and small research reactors, of the Triga type, or are planning 
to have them in the near future. The only exceptions are Sri Lanka 
and Singapore. Pakistan has a 10 MW research reactor, and already makes a 
variety of radioisotopes at its centre PINSTECH. Australia and Japan 
also have their own powerful research reactors and produce the radioisotopes 
they require. The BARC, in India, has two research reactors, (a 1 MW 
swimming pool type, and a ^0 MW heavy water reactor) operating since 20 years 
and the entire range of reactor-produced isotopes is made at BARC. Thus 
these four countries may be considered as advanced from the radioisotope 
production point of view, and can ensure the ready availability of the 
entire range of radioisotopes needed for tracer technology in the Region. 
However, for a large number of tracer applications, short-lived isotopes are 
suitable for use, and these can be conveniently produced in any of the 
Triga-type reactors existing in (or being planned for) the smaller nuclear 
research centres likethe Republic of Korea,the Philippines,Thailand,and Indonesia. 
In most of the countries of the Region, a core of nuclear scientists 
have already been trained, and small radiochemical laboratories are 
available. It may thus be concluded that the main components of infrastructure 
necessary for effective transfer of tracer technology are already existing 
or are in the process of establishment in most of the countries in the Region. 
This is especially trueof the hardware needed. The inputs required now to 
complete this infrastructure and enable an effective transfer of technology 
are components relating to radioisotope instrumentation from the hardware 
angle, and more specialised training and orientation of the scientists 
in tracer applications. The interface between nuclear techniques and 
industrial requirements would have to be effectively supplemented through 
workshops, seminars, and in-plant demonstration exercises. 

.../ 
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3. Regional Benefits from UNDP Programme 

The Indiar experience in over fifty investigations in the last fev 
years indicates that the isotope tracer methods indisputably have large 
techno-economic benefits. A representative lis* 2 investigations 
carried out by BARC given in Annex 1 shows tne variety of practical 
problems that are amenable to solution by tracer methods. Apart from 
India, countries in the RCA Region having significant experience in 
radiotracer applications in industry include Australia, Singapore and, 
to some extent, the Republic or Korea. The experience in these countries 
can be pooled to provide a viable inter-country programme to the benefit 
of the Region as a whole. If one looks at the industrial profile of the 
RCA Region and the findings of the ^-man UNDP Expert Mission which toured 
these countries in 1978, it is clear that a large potential for 
introduction of modern tracer methods does exist. Not many manufacturing 
units, except in India, appear big enough to have in-house trained manpower 
and facilities to undertake tracer work on their own. The need for tracer 
expertise is, however, substantially high on a national scale in each 
country. The obvious solution is the creation of competent groups in 
the national research centres to aid the industrial establishments. 
The cement, fertiliser, steel, petroleum and petroleum refining industries 
where the need is the highest will be the beneficiaries. 

The Regional nature of the programme is of great interest since the 
industrial infrastructure, though varied in each country, has the same 
basic need for process control and trouble shooting techniques. Bangladesh, 
Sri Lanka and Thailand have programmes of construction of hydroelectric 
projects wherein tracer methodology can help in optimising the operational 
conditions for maximum efficiency. Similarly, the petrochemical, cement 
and steel and paper industries distributed in the Region will have a lot 
to gain from the implementation of the tracer programme. The cement 
industry needs special mention as it is well distributed within the region. 
By the nature of the development activities in the Region, cement is an 
essential commodity. Cement industry in India and other countries such as 
Indonesia, Republic of Korea, Philippines and Thailand is continuously 
modernising and has the need for process control methods including 
radiotracer applications. 
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h . Technical and Economic Benefits 

Of particular interest to the developing countries are the large 
economic benefits obtainable with minimum investment in tracer applications. 
It is true that cost-benefit figures are not readily avialable for tracer 
application within the Region. This is precisely because the 
benefits, while substantial, are often intangible and the industrial 
establishments feel that an exercise to arrive at the exact figures is 
probably not warranted when the investment itself is so small. 
From the investment angle it may be noted that the basic instrumentation 
for all tracer applications is broadly the same and no full time staff 
in industry would normally be needed for tracer work. Plant engineers 
trained in radiotracer methods can take up investigations as and when 
needed. In the case of small industries, it may be more economical to 
requisition the sc-'ices of a specialized tracer laboratory of the national 
research centre «nen the need arises. In either case, the investment is 
small and the results could mean large savings. 

In the present context of worldwide energy crisis, the contribution 
of tracer techniques towards improvement in process control and trouble 
shooting resulting in increased process efficiencies and reduced shutdowns 
can mean large energy savings. In certain instances the energy savings 
can even be a direct result of tracer applications. One very effective 
example is the determination of the efficiencies of hydraulic turbines 
to decide on the optimum power levels of operation. This results in 
large savings in hydro-potential. 

5A. Supporting Information on Applications - Case Studies in India 

Five case studies of tracer investigation in India are summarized 
and are indicative of the high technical and economic benefits possible 
to obtain. The investment required is relatively small, once the 
trained manpower and infrastructure is available, and consists mainly of 
instrumentation, on a non-recurring basis, and of cost of radioisotopes, 
for each investigation. 



- 16 -

i. Blast Furnace Refractory Wear 

In India all itajor steel plants are using radiotracer methods on 
a routine basis to monitor refractory lining wear in blast furnaces. The 
experience of the TATA Iron and Steel Company (TISCO) is detailed here as a 
typical exanplt?. 

The TATA Iron and Steel Company started using, in 1971*, cobalt 60 
pellets as tracers to monitc. cue wear in refractor/ lining of blast 
furnaces. In this method a radioactive cobalt pellet of sufficient 
strength is inserted in the refractory. Its presence is monitored from 
outside using radiation detectors. As the brick erodes, the embedded 
pellet will also be eroded away and no-radiation indication on the shell of 
the furnace indicates the erosion. In practice cobalt pellets of a few 
millicuries are inserted in selected bricks of the lining. 

TISCO engineers feel that the knowledge of the condition of 
refractory using radiotracers enables maximum utilization of the 
blast furnace and helps the blast furnace operators to take necessary steps 
for a planned relining of the refractories. Since no other conventional 
methods appear suitable under the conditions encountered in blast furnaces, 
the radioisotope technique appears to be the only method for effective 
indication of refractory lining at any time. 

It has been estimated that the radioisotope method saves bo days of 
shut down time for each blast furnace. At TISCO there are 6 blast 
furnaces with a total capacity of about 300C t/day. Noting that the 
blast furnace normally needs relining once in five years, it can be 
calculated that the radioisotope method enables an additional production 
of 2U,900 tons per year or about $2.5 million in terms of money. This 
is a very large economic benefit for an expenditure of aboi't $500 for 
cobalt pellets per year and a capital investment of approximately $5000 
for monitoring equipment given the avilability of trained power and the 
management's realization and acceptance of the modern tracer technology. 

.../ 
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ii. Leak detection in buried pipelines 

The BARC scientists have recently carried out a large scale 
investigation in a lbo km long crude oil pipeline buried at an average 
depth of about 1 metre. 

The pipeline was being laid from Vivamgam on the Gujarat coast to 
the Koyali refinery near Baroda. The pipeline route is tortuous; crossing 
rivers below the river beds and passing through agricultural fields and 
marshy areas. The situation in early 1978 was that the commissioning 
of the 3 million ton refinery was dependent on the completion of the pipe
line. 

During the pre-commissioning tests, the pipeline was found to be 
leaky in several sections. Efforts for over a year by the Indian Oil 
Corporation and the pipeline contractors to locate the leaks by 
conventional hydrostatic pressurization and visual inspection did not 
succeed. It was evident that it would be impossible to commission the 
line as per schedule if more effective methods for leak location were not 
adopted. At the request of the project authorities, the BARC scientists 
worked out an isotopic tracer method and applied it successfully. 

The radiotracer method involved the injection of the radio tracer 
(radioactive Bromine 82) into the water filled up in an isolated section 
of the pipeline, pressurizing the water to about 80 kg/cm holding the 
pressure for adequate water to leak, decontaminating the section followed 
ty pigging the line with a detector-tape recorder package. Five leaks 
were located in the lUO km line in about six weeks' time. 

The use of the tracer method enabled testing of the pipeline 
at a small fraction of the cost of conventional testing methods. The 
details of the benefits are as follows: 

a. Saving $300,000 in investigation costs. The total cost of the 
radioisotope investigation was around $10,000. 

.../ 
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b. Saving of six months of project time resulting in an extra 1.5 million 
ton production at the refinery. 

c. This particular study evoked keen interest in the application of 
isotope methods in the steel industry since the main beneficiary of the 
tracer investigation was the steel plant which supplied the pipes. 
Today there is a special task force for isotope applications in 
the steel industry in India. 

d. The investigation proved that the leaks were not due to any inherent 
defect in the pipes. The direct result was to gain the confidence of 
overseas customers and the expert orders to the value of several million 
dollars were confirmed. 

iii. Leak detection in a rubber internal mixer 

A radioisotope tracer method was advantageously employed to confirm 
that the cooling water system of Banbury International rubber mixer was not 
responsible for the presence of moisture observed in the product. 
The study was conducted at the Mody's Rubber Tyre factory situated at over 
1000 km from Bombay where the isotope producing reactors are located. 
The internal rubber mixer which was bought from Germany, at a cost of 
over a million dollars, mixes natural rubber, carbon and some chemicals 
at high shearing forces to provide the main starting material for tyre 
manufacture. The batch mixing of 250 kg is complete within 2 minutes. 
Water droplets sometimes noticed in the mixture are attributable either 
to leaks in the coolant system or to the inherent moisture in the feed 
stock. The tracer experiment was aimed at sorting out this problem. 

Connecting the coolant system to a temporary 2000 litre capacity 
tank, injecting about 110 mci of radioactive Br82 as NH^Br into the tank 
and monitoring 5 batches of the product for radioactivity, it was conclusively 
proved that the coolant system w&s not leaking. 

.../ 
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The benefits from the tracer investigation were: 

- the million dollar mixer which is the core of the entire factory 
was cleared of suspected defects at a cost of about $1,000. 

- a team of German experts who were at the plant for acceptance trials of 
the mixer could depend on the local expertise and facilities for tracer 
investigttion. 

- the accepttnce of the mixer from the German suppliers was completed 
and the mixer could be put on regular production without further loss 
of time. 

iv. Evaluation of process parameters 

In many instances of process performance investigations it is 
rather difficult to quantify the economic benefits of tracer studies. 
In these cases, the tracers are used as tools to verify design 
specifications or to generate data for design modifications. Two such 
case studies are briefly discussed below. 

In a composite radiotracer study in a tyre cord factory in Bombay, 
evaluation was made of various process parameters such as residence time, 
dilution, flow rates, etc.in a multi-stage processor of Japanese design. 
The effect o, itching of raw material was also studied. The exact time 
and additive needed to show its effect on the final product was determined. 
This information has permitted improvement in the processor efficiency and also 
has generated the information useful for design modifications at the 
manufacturer's end. The cost of $500 to generate the data is indicative 
of low investment with large technical benefits. 

In another study, the mixing characteristics of a viscose blender in 
a rayon factory were examined. In the production process three units each 
of 6500 litre capacity supply xanthate dissolved in sodium hydroxide 
to a slurry blender which has a capacity of 19,500 litres. Sodium 2k 
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labelled sodium carbonate was used as the radiotracer to determine the 
blending efficiency of the viscose blender. It was established that half 
an hour blending time was adequate against the two hour period recommended 
by the supplier. This meant that the plant had the potential to increase 
its throughput four fold, that is the blender could handle 78,000 litres 
ins+ead of 19,500 litres in two hours' time. 

v. Efficiency of hydraulic turbines 

The efficiency of an operating turbine or a set of turbines is 
expressed as the ratio of output power to the input power. The electrical 
output power can be measured with high accuracy using megawatt hour 
metres. The input power is a function of the water flow rate and the net 
head of water. Whereas all the parameters can be determined with high 
accuracy using conventional methods, the conventional methods available 
for the measurement of discharge thorugh the turbines are not sufficiently 
accurate. The only method that can provide satisfactory accuracy is 
the radioisotope tracer dilution method. The methods involve continuous 
injection of a suitable radiotracer of known concentration into the water 
flow and measuring the dilution of the tracer at a point downstream 
where the tracer is well mixed with the water body. Accuracies of the 
order of +_ 1% are easily obtainable if the necessary precautions are 
taken. 

The tracer method was applied to a hydro power station near Bombay. 
This station which is one of the earliest to be set up in the country has 
a 60 MW capacity with 6 turbines. In over 20 measurements with the 
turbines operating at different power levels, the necessary data to build 
up the efficiency diagrams (efficiency vs. power level) was generated. 
These help in deciding on the optimum power levels of operation of 
turbine for an economic utilisation of the available hydro potential. 

These techniques are now being extended to discharge measurements 
in condenser water loops. Control of the optimum flow rates can lead to 
the maximum utilization of the heat developed in the thermal and nuclear 
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power plants. There is a large potential for such investigations in India 
and elsewhere in the RCA region. 

It is thus feasible to effect large energy savings using low cost 
isotope tracer methods. 

5B. Case Studies of Tracer Applications in Industry ip Singapore 

With the assistance of the International Atomic Biergy Agency 
in the form of experts, fellowships and some equipment in the early 1970s 
a multi-disciplinary tracers applications team comprising the Singapore Insti
tute of Standards and Industrial Research University staff and personnel from 
industry was built up. This team of professional nuclear scientists, physicists, 
chemists, process engineers have tackled a wide range of problems in industry and 
in the environment using radioisotope tracers. These tracer investigations 
range from trouble shooting, to process optimization, to environmental studies 
and involved a wide range of radioisotopes and techniques. 

Selected Case studies are described briefly below: 

i. Optimization of Asbestos Cement plant 
A study was carried out for a local manufacturer of asbestos cement boards 

to optimize the process and keep the mean residence time of the cement mix well 
within the useful lifetime of two hours of the wet cement. Scandrium-i*6 labelled 
cement was used to measure and verify that the optimization of the process en
sured that the cement was not retained for longer than its useful life. This 
and other factors such as the recirculation time were quantitatively measured, 
giving the process engineers a better understanding of their plant process. 
Subsequent products have shown better and more consistent quality. 

ii. Comparison of mixing time required for different agitating process 
Two different methods of mixing large volumes of liquids were in use in 

a local refinery in their storage tanks. The air-blowing method was believed 
to be a faster and more effective method than that of mechanical stirring. But 
as the former method involved higher capital equipment and higher operating cost 
per hour it was possible to compare the relative economic merit of the two only 
by quantitative determination of the mixing times using the two methods. This was 
successfully determined using radi6isotopes. This technique has been applied to 
various size tanks containing different grades of petroleum products. 
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iii. Study of mixing of Marine Plywood Clue 
The effective bonding of plywood veneers depends on many factors - not 

all clearly understood. One of these is the glue used. Occasionally a small 
quantity of the plywood manufactured by a local plywood manufacturer become 
debonded. This, if it happens, usually does so after it is fabricated as 
part of a marine vessel or furniture and not only involves costly reworking but 
damages the reputation of the manufaturer. A mixing study was carried out on 
the mixing of the glue used. The tracer study detected a dead space in the mixer 
tank. Very good mixing was achieved when this was removed. Delamination of the 
veneers was markedly reduced. In addition, mixing time was also optimised, 
resulting in energy and time saving and ensuring that the adhesive was utilized 
in the minimum time after mixing - thus further improving the overall process. 

iv. Sewage Treatment Works 
With increasing demands being placed on the two existing sewage treatment 

works it was important that the residence times of the various treatment tanks be 
known to make maximum use of the system ensuring maximum throughput while main
taining the treatment at the required level. A through investigation was carried 
out for both the Ulu Pandan and Kim Chuan Works. The results obtained, when 
compared to their nominal design values was also of value in the design of 
similar treatment plants being planned for the future. 

Plow rates and transit time measurements were also carried out for various 
sections of the sewage and industrial water recticulation systems. 

v. Evaluation of the Process Characteristics of a Waterglass Plant 
A tracer study using Sodium-2U was carried out to study the residence 

time of a Waterglass Plant furnace. The results allowed the through-put 
to be optimised permitting energy-conservation while maintaining product 
quality. 

vi. Leak detection of a heat exchanger using radioactive gas 
A heat exchanger in a refinery was suspected to have a leak and an un

scheduled shut-down was considered economically and operationally unacceptable 
without confirmation of the magnitude of the leak. A tracer technique using 
Krypton-85 radio-active gas was used successfully. The study enabled not only 
the detection of the exact heat exchanger that leaked but also a quantitative 
estimation of the leakage size. This information was useful to the refinery 
in deciding whether the leakage was critical and hence in arranging the shut-down 
to co-incidence with its scheduled programme. 
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vii. Determination of amount of mixing of different types of crude oil in a 
submarine pipeline 
Crude oil with different levels of sulphur content was discharged from 

oil tankers to storage tanks at a local refinery through a long submarine pipe
line. The amount of mixing of two types of crudes could be substantial in the 
long pipeline. As the cost of sulphur removal was high, it was therefore of 
economic value to separate these crudes as accurately as possible into separate 
tanks. Oil-oil soluble gold-198 radioisotope was used successfully for this 
purpose. From the study it was possible to determine the amount of mixing of the 
two crudes in the pipeline. 

viii. Process evaluation of a refinery sulphur removal plant 
A sulphur removal plant efficiency value was required in order to assess 

the usefulness of the unit in the control of sulphur content in the refined oil. 
This was obtained by determining the residence time of the product through the plant. 
Carbon-lU labelled hexane injected at a high pressure was used successfully to 
characterise the sulphur removal unit. 
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6. Establishment of BARC as Centre of Excellence in Tracer Technology 

In viev of the trained manpower available at the Bhabha Atonic Research 
Centre, Bombay, the excellent facilities they have, and their success in 
investigations with radiotracers, it is recognized that the BARC (Isotopes 
Group) is a Centre of Excellence in tracer technology. It would be most 
advantageous for the Region to use this as the focal point of the Project 
for transfer of technology to the developing RCA Countries. The Centre would 
serve as the nucleus for organization of Regional training, workshop-demonstrations, 
and management of experts. 

7. Sub-Project Plan Summary 

The Bhabha Atomic Energy Centre (BARC) will be d-signated as a Regional 
Isotope Tracer Technology Centre. The BARC will make available its expertise 
and facilities for purposes of providing special training, workshop-demonstrations 
<uid expert services in conjunction with national centres and institutes in the 
Republic of Korea, Philippines, and Sri Lanka. 

Three training courses of three weeks duration and two workshop-demonstrations 
of one week duration will be provide. 

The training courses will focus on specific areas of industrial applications 
such as process control, leak detection, flow measurements and dynamics in major 
industrial segments. 

The workshop-demonstration programmes will be designed and carried out under 
field conditions and in production-manufacturing plants. 

The expert component of this Sub-Project will provide direct assistance in 
designing and carrying out "in plant" work under actual production conditions 
in factories of participating countries. During the 5 year term of the Sub-Project 
one month of expert service each will be provided to Bangladesh, India, Indonesia, 
Republic of Korea, Malaysia, Pakistan, Philippines, Singapore, Sri Lanka, and 
Thailand. 

The equipment required for the Sub-Project will be pooled at BARC. It will 
be made available for training courses, workshop-demonstrations, and field investi
gations as required. 

At the end of the Sub-Project the equipment can be distributed within the 
Region based on established needs. 
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b . Sub-Project Budget 

Government Inputs: 

a. Provision of sa l a r i e s of counterpart s t a f f adequate to meet the requirements 
of the Sub-Project in each country. 

b . Provision of a l l physical f a c i l i t i e s for t r a in ing courses , workshop-demonstrations 
and expert se rv ices . 

c . Provide t rave l expenses within the country for p a r t i c i p a n t s , experts and country 
counterparts . 

d. Co-ordinate country plans and scheduling of the workshop-demonstration, 
t r a in ing courses, and expert se rv ices . 

Total Estimated Input of Par t i c ipa t ing Governments $120,000 

UNDP Inputs : 

a. Special nucleonic f i e ld and laboratory equipment $210,000 
b . Experts (9 m/m) $ 65,100 
c . Training Courses and Workshop-Demonstrati.as (60 m/m) $123,000 

Total UNDP Input $398,100 
Total Estimated Sub-Project Cost $518,100 
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8. Sub-Project Activities 

Activity Location Duration and Starting Date 

Specificatic 
equipment 

and ordering of Bombay, India January 1982 (U months) 

Obtaining testing and c 
of the equipment ssioning August 1982 (2 months) 

3. Training course in India on 
tracer techniques 

k. Training course in the Republic 
of Korea on tracer methods 

5. Training course in Sri Lanka 
on tracer techniques 

6. Workshop-cum-demon&tration 
programme in India 

7. Workshop-cum-demonstration 
programme in Philippines 

8. Experts' visits to participating 
countries to advise on tracer 
methods and plan for possible 
studies 

9. Experts' visits to the 
participating countries to 
conduct selected field studies 
and to advise on other potential 
applications 

10. Mid-term review 
11. Preparation of final report 

on the sub-project and 
suggestions on modalities for 
cooperation in tracer techniques 
in the RCA region on a long-term 
basis. 

Bombay.India March 1983 (3 weeks) 

Seoul, Republic 
of Korea 
Colombo, 
Sri Lanka 

August 196% (3 weeks) 

February 1985 (3 weeks) 

Bombay, India November 1985 (l week) 

Manila, 
Philippines 
Participating 
countries 

Participating 
countries 

Bombay, India 
Bombay, India 

March 1986 (l week) 

1982 - 83 

1983 - 3U 

February 1981* 
December 1986 
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ATTACHMENT 1 

LIST OF PARTICIPANTS IN UNDP PREPARATORY ASSISTANCE WORKING 
GROUP MEETING, 17-20 NOVEMBER 1980, IAEA HEADQUARTERS, 

VIENNA, AUSTRIA 

Mr. Colin Clayton 
Harwell Appleid Nuclear Geophysics Group 
Building 7, AERE Harwell 
Oxfordshire 
0X11 ORA England 

Mr. V.K. Iya 
Director, Isotope Group 
Lhabha Atomic Research Centre 
Trombay, Bombay U00 O85 
India 

Mr. E.E. Fowler 
Chief Technical Adviser 
UNDP Industrial Project 
IAEA, Vienna 
Austria 

BHABHA ATOMIC RESEARCH CENTRE 
BOMBAY, INDIA, 13-15 OCTOBER 1980 

• M r . A.C. Eapen 
BARC, Trombay, Bombay 1*00 085 
India 

* Mr. V.K. Iya 
Di rec tor , Isotope Group 
BARC, Trombay, Bombay 1*00 085 
India 

» Mr. Rau 
BARC, Trombay, Bombay 1*00 085 
India 

TOKYO, JAPAN, 28-29 OCTOBER 1980 

* Prof. Masao Kato 
No. UOl, Fuda 2-7-1* 
Chofu-shi, Tokyo 182 
Japan 

* Note: Cost-free Experts 





ANNEX 1 

SOME TE ER STUDIES IN INDIAN INDUSTRY CARRIED OUT BY BARC. BOMBAY 

S.No. Organisation/Site Objective Tracer used and 
Activity 

Results and Remarks 

1. Sevage purif ication 
plant , Dadar, Bombay 

Determination of sevage 
retention period in the 
Primary Sedimentation Tank 

Na-2U as Na_Co_ 
(lUo mCi) 

Residence time deter
mined 

2. Sevage purification 
plant, Vorli, Bombay 

Flow patterns in the 
settling tank 

Na-2b as Na~Co. 
(U3mCi) * ' 

Indicated damage to the 
concrete baffles-reoti-
fied 

3. 

U. 

Sevage pruification 
plant, Worli , Bombay 

Century Rayons, 
Kalyan, Bombay 

Flow patterns in the 
settling tank 

Blending efficiency of 
viscose blenders 

Br-82 as NH^Br 
(50 mCi) x 3 

Na-2U as Na?Co_ 
in NaOH J 

3 experiments 

Blending is confirmed 
completed after 2 hours 

5. Century Rayons, 
Kalyan, Bombay 

Blending efficiency of 
viscose slurry blender 

Na-2k as Na.Co. 
in NaOH (25 nCf) 

Necessary time of blen
ding is 30 minutes 

6. Indian Institute of 
Technology, Bombay 

To study cavitation 
damage to a Venturi 

Cu-6U (3 mCi) Technique demonstrated 

Oil and Natural Gas 
Commission, Oil well No.33 
Cambay, Gujarat 

To locate water 
channeling 

Rb-86 as RbCl 
(30 mCi) 

Defects located and 
routine service to ONGC 

8. Indian Telephones, 
Bangalore 

To locate leaks in a 
buried telephone trunk 
cable 

Br-82 as CH.Br gas 
(100 mCi) i 

Leak is located-gas 
tracer technique success
fully demonstrated 



S.No. Organisation/Site Objective Tracer used and 
activity 

Results and remarks 

9. Indian Ins t i tu te 
of Technology, Bombay 

To estimate tool bit wear 
rates of HSS tools with 
different coolants 

Co-60 (27+5+lCmCi) Techniques as a research tool 
established in the institute 

10. — do ~ Research on piston ring 
wear 

Pe-59 (5 mCi) — do — 

11. Indian Dyestuff 
Industries, Kalyan 
Bombay 

To locate leaks in a buried Br-82 as NH.Br 
water main (5 mCi) 

Leak located by velocity drop 
method - Leak output traced to 
a pool nearby 

12. 

13. 

Burmah Shall, Bombay 
(present Bharat 
Refineries) 

— do — 

To study feasibility to 
detect interface between 
two products in a pipeline 

Br-82 labelled 
Triolene (5 mCi) 

To study the rate of Co-60 as sealed 
movement of pig at different source (2 mCi) 
stages in the pipeline 

Feasibility demonstrated 

Technique proved successful 
o 
i 

lU. ESSO Refineries 
Bombay (Present H.P) 

To locate leaks, if any, 
in a storage tank 

Br-82 as KBr 
(50 mCi) 

Confirmed that the tank was 
not leaking 

15. Burmah Shell 
Refineries, Bombay 

Interface detection study 1-131 as Triolene Technique established for 
in a pipeline routine use 

16. NOCIL, Thana To find leakage,if any, in 1-131 as Triolene 
an oil compressor 

No detectable leakage 
compressor cleared 



Organisation/Site Objective Tracer used and 
Activity 

Results and remarks 

BARC, Bombay APSARA 
Swimming Pool Reactor 

Sewage Purification 
Plant, Dadar, Bombay 

19. Century Rayons, 
Kalyan, Bombay 

20. BARC, Bombay 

21. BARC, Bombay 

22. BARC, Bombay 

23. Burmah Shell 
Refineries, Naphtha 
line 

2U. Oil well 1 OHGC 
Sanand, Gujarat 

25. Water injection well 
in Naharkotia oil fields 
of Oil India Ltd. 

To locate leaks in Apsara 
reactor pool 

To determine the retention 
period of sewage in a 
filtration plant 

To study residence time 
dilution factors and 
blending efficiency of 
viscose in Rayon Plant 

Ventilation trunover in 
PAHBIT 

Ventilation study in 
HIRUP, hot cell 

Ventilation in ISOMED 
irradiation cell 

To locate blockages in 
the 2U Km line before 
commissioning 

To locate water channeling 
and cross flow of gas 
To study the effectiveness 
of secondary recovery 
operation with polymer 
flooding 

Activity distri
bution on the pool 
floor and fluores
cence tracers 

Br-82 as KBr 
(2+2+2.7+5 mCi) 

Br-82 as NhYBr 
(250 mCi) 

SFg gas (inactive) 

SFg gas (inactive) 

SF g gas (inactive) 

Co-60 as sealed 
source (2-6 mCi) 

Rb-86 as RbCl 
(100 mCi) 
H-3 as HTO 
(60 Ci) 

Leakage in a large area in 
one half of the pool floor 

Studied at different flow 
rates 

Process parameters determined in 
one single study 

Rate of air change determined 
(detection by isotope method) 

.. do — 

— do — 

Number of blockages located -
Early commissioning made possible 

Defects have been located and 
rectified to stop gas inflow 
The study is not complete 



S.No. Organisation/Site Objective Tracer used and 
activity 

Results and remarks 

26. Guest Keen Williams 
Bombay 

27. BARC, Bombay for 
N/s. Simon Carves 

28. BARC, Bombay 

29. Viramgam-Koyali Crude 
Oil Pipeline 
(test site near Kheda) 

30. — do — 
(test site near Sanand) 

31. Viramgam-Koyali Crude 
Pipeline (test site 
near Wadod) 

32. — do — 
(test site near Anand) 

33. Larsen and Toubro Ltd., 
Powai, Bombay 

3U. Standard Alkali Ltd. 
Thana, Baharashtra 

35. Larsen and Toubro Ltd., 
Powai, Bombay 

To check a Hydrogen 
annealing chamber for 
leakage 

To locate leaks in an 
S.S. extrusion valve 

To locate leaks in rolled 
Joint assemblies for 
R-5 reactor 

To locate leaks at 
80 Kg/cm* 

— do — 

To locate at 80 Kg/cm2 

of water pressure 

c 
To locate leaks at 80Kg/cm 
of water pressure 

To determine the residence 
time of a Spray Dryer Unit 

For the invantory of 
mercury in electrolytic 
cells 

To determine the residence 
time in a fluidised bed 
dryer 

SFg gas (inactive) Some minute leaks have been de
tected. Those were not important. 
The, 
10" 

5 V. W W • + f*W W W V * C IIWV * W M W i W VM» Vt • 
le,chamber was OK. (sensitivity 
r 1 0 c c / s e c ) 

-10 SFg gas (inactive) Leak located (sensitivity:10 cc/sec. 

SFg gas (inactive) Some leaks have been located 

Br-82 as KBr 
(35 Ci) 

Br-82 as KBr 
(10 Ci) 

Br-82 as KBr 
(50 Ci) 

Br-82 ax KBr 
(60 Ci) 

Na-2U as Na.SO. 
(0.5 mCi) 

Hg-197 elemental 
(5 mCi) 

Au-198 

Leak located ultimately resulting 
in early commissioning of lUo Km 
long crude oil pipeline 

One leak located 
1 

1 
One leak located 

2 leaks located 

Residence time determined and the 
study repeated under different con
ditions 

Technique successfully demonstrated. 
It is now routinely used by the 
factory. 

Residence time distribution ob
tained and the experiment repeated 
under different conditions 



S.No. Organisa t ion /Si te Objective Tracer used and 
activity 

Results and remarks 

36. ONGC, Bombay 

37. Modi Rubber 
Modipuram, M.P. 

38. Bhilai Steel Plant 
Bhilai 

39. Bokaro Steel Plant, 
Bokaro 

uo. Century Rayons, 
Kalyan, Bombay 

Isotope pigging to 
locate obstructions in a 
a 2k Km. long 8" gas 
pipeline 

To investigate the leak 
tightness of the coolant 
system of a Baubury rubber 
internal mixer 

To study slag carryover 
from blast furnace to 
mixer 

Determination of mixer 
efficiency 

Mercury inventory in 
electrolytic cells 

1-131 (8 mCi) 

Br-82 (110 mCi) 

La-lUO (20 mCi) 

Fe-59 (100 mCi) 

Hg-197 (elemental) 

Pig could not travel even 
3.5 km. due to obstruction 

The coolant system was found 
to leak tight. 

Slag content in molten metal 
estimated 

The effect of addition of fresh 
batch is investigated. 

CO 





Suib-Pro.1sct Wo.: 1 Tracer Technology in Industry 
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SUB-PROJECT 2 

NON-DESTRUCTIVE TESTING PRACTICE IN 

RCA COUNTRIES 

A REQUIREMENT r'OR REGIONAL CERTIFICATION 

ACCORDING TO 

INTERNATIONAL STANDARDS 

THIS DOCUMENT IS BASED ON THE UNDP PREPARATORY ASSISTANCE WORKING GROUP 
MEETING HELD AT THE SINGAPORE INSTITUTE CF STANDARDS AND INDUSTRIAL RE
SEARCH, 8-9 OCTOBER 1980. 
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1. Sub-Project Objectives 

The objective of t h i s Sub-Project i s t o enlarge the inf ras t ruc ture and 
level of competence through specia l t ra in ing in NDT prac t ice suff ic ient 
to provide for Regional examination and c e r t i f i c a t i o n according t o 
in te rna t iona l standards. Achievement of such NDT ce r t i f i ca t i on is of major 
importance to an improved and expanded use of these non-destructive t e s t i n g 
mehtods in economically important i ndus t r i a l segements such as e l e c t r i c 
power, o i l , gas , const ruct ion, shipbui lding, and commercial a i r t r anspor ta t ion . 

2. Regional Prof i le on HPT Prac t ice in RCA Countries 

In the past two decades the demand for qual i ty assurance using non
des t ruc t ive t e s t i n g methods has increased s ign i f i can t ly in major i ndus t r i a l 
segments in the RCA Region. Boiler and pressure vessel manufacture for 
e l e c t r i c power generat ion, shipbui lding, commercial a i r c r a f t , chemicals and 
petrochemicals, const ruct ion, heavy machinery manufacture for mining, sugar, 
cement and the t e x t i l e s indus t r i es represent major indust r ies and areas of 
appl ica t ion . 

NDT methods being employed include: 
a. Radiographic inspection 
b. Ultrasonics testing 
c. Magnetic Particle testing 
d. Liquid penetrant testing 
c. Eddy current testing 
f. Leak testing 

Of these NDT techniques radiographic inspection is in most widespread 
Regional use. This method provides a permanent visable immage for interpretation, 
information storage, and retrieval. More important in the context of de
veloping countries is its larger benefit to cost ratio and the simplicity 
of application. Ultrasonic methods have the potential for a wide range of 
applications, importantly including nuclear electric power plants. However, 
the use of this NDT method in the Region is less widespread than radio
graphic inspection because of the requirement for specially trained electronic 
technologists to maintain instruments and to interpret inspection results. 
As a consequence it is only the most advanced countries where ultrasonic 
inspection is widely used. Requirements for eddy current inspection and its 
level of use is more or less similar to ultrasonic testing. Effectiveness 
of inspection with magnetic particles and dye penetrants depends mainly upon 
the availability of properly trained persons with knowledge sufficient for 
proper selection of materials and equipment. The use of these NDT inspection 
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methods in the Region is limited primarily to RCA countries with a highly 
developed NDT practice. 

The categories of personnel engaged in NDT in tr° Region either directly 
or indirectly are: 
a. Design engineers who are responsible for specifying the levels of quality 

assurance required and NDT methods to be used. 
b. NDT Managers who are resposible for planning,scheduling, specifying working 

procedures and interpretation of data generated through application of 
NDT methods 

c. NDT Supervisors who have responsibility for direction of actual NDT inspection 
activities to insure correct use of required techniques and preliminary 
interpretation of data. 

d. NDT Operators who have responsibility for actual performance of the inspections. 

The type of training available in the Region to meet steadily growing 
demands varies substantially from one country to another. Highly organized 
training opportunities are regularly available in s\ich countries as Australia, 
India, and Japan in most NDT methods. Nearly all RCA countries have 
some training courses in radioisotope radiography. Formalized examination 
and certification exists in a few countries through national NDT professional 
societies or through national institutions. In India for example, it is estimated 
that approximately U000 persons are engaged in NDT practice in industry. Of this 
number about 3000 persons practice radiographic inspection only. Approximately 
1*0-50 percent of the industrial radiographers in the supervisory and operation 
category have received formal training and have been certified through examination. 
For other NDT methods, persons are either self-trained through years of practical 
experience or have undertaken some short term refresher courses usually 
organized by professional institutions in the country. 

National institutions such as the Central Mechanical Engineering Research 
Institute, Durgapur; Mechanical Engineering Research and Development Organi
sation, Pune; and National Institute of Foundry and Forge Technology, Ranchi, 
organise 2 to 3 refresher courses in NDT each year for small groups of about 
20-25 professionals from the industry. 

Heavy engineering industries such as equipment manufacture of electric 
power and steel plants, occasionally organise short term training courses 
in NDT to meet their own requirements for trained personnel. 
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Professional organisations such as National Association of Applications 
of Radioisotopes and Radiation in Industry (NAARRI), Non-d<?structive Testing 
Society of India and Hyderabad Science Society also organise short term 
refresher courses in NDT with a maximum duration of about 1 week. 

The Bhabha Atomic Research Centre (BARC) offers the following certification 
courses for different levels in industrial radiography. 
a. Industrial Radiography and Safety Aspects (IRG-1); the 6 weeks' course is 

designed for supervisory personnel. 
The course covers a complete technical programme both in theory and practice 
in industrial radiography and radiation safety. Some lectures and demons
trations in related NDT techniques are also covered. The course content 
corresponds to a standard well above Level II of the American Society for 
Non-destructive Testing (ASNT). 

b. Industrial Radiography and Sagety Aspects (IRG-II): This three weeks' course 
is designed for operators. Bnphasis in the course is given to practical 
aspects of radiography techniques and safe radiation operations. On-the-job 
training is also included as an essential part of the course. 

c. Safety Aspects in Industrial Applications of Radiation Sources: 
This four weeks' course is mainly designed with emphasis on safety aspects 
in industrial applications of radioisotopes, including industrial radiography, 
for the people with at least a year's experience at the supervisory level. 

d. Radiographers' course: This course of one week duration is prescribed for 
certification of operators already engaged in radiography work. 

In all the above courses at BARC the candidates are assessed for their 
proficiency in radiography practice at the end of the course period. The 
assessment is made through written and oral examinations as well as practical 
tests. Candidates are certificated who secure 50 percent or mo^e marks in 
the aggregate. 

Condensed syllabus of the above courses are given in Annex ] • 

In Japan, training courses, including examination and certification are 
carried out by the Japanese Society for Non-Destructive Inspection (JSNDI). 
Ultrasonic inspection is an example of the training-certification programme pr^/ided 
and the scope is detailed in Annex 2 and 3.A similar practice is followed in 
Australia. 

Singapore introduced and has promoted the use of N^T methods in 
industry over the past decade. Through thf Singanore Institute of fTtnndflrdf? 
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and Industr-" _L Research (SISIR) special training courses have been pro
vided and at least 12 industrial companies now offer NDT services in Singa
pore. SISIR has also co-operated with IAEA and UNDP by hosting advanced 
training in NDT. On 29 September - 10 October 1980 an Advanced Training 
Course, funded under the UNDP Preparatory Assistance Project, was held at 
SISIR for 25 participants from 8 RCA countries. 

In Indonesia, the Republic of Korea, Pakistan, and the Philippines 
gamma radiographic inspection is regularly carried cut in industry. A signifi
cantly smaller use of other NDT methods is followed due to lack of trained 
man-power. In the remaining RCA countries a much smaller capability exists in 
NDT. 

3. Assessment of Requirement for Regional Certification According to 
International Standards Recommended by the Special UNDP Preparatory 
Assistance Working Group 

The UNDP Project proposal dated lU March 1979 provides a plan for training 
leading to Regional certification according to international standards. This 
plan has been re-examined by a special Working Group of experts, established 
under the UNDP Preparatory Assistance Project. The Working Group met 8-9 October 
1980 at the Singapore Institute of Standards and Industrial Research, Singapore. 
The principal conclusions of the Working Group are: 

a. Improved and expanded NDT practice is of major importance to continuing 
economic development in the Region in vital industrial segments as electric 
power, construction, petrochemicals, shipbuilding, and commercial air trans
portation. 

b. Regional certification for NDT practice according to international standards 
continues to have merit and priority and should be actively pursued. 

c. It was recognized that to put a Regional certification system in place 
was complex and would require a minimum of 5 years. 

d. The main bodies for developing and implementing Regional certification for 
NDT rests mainly with RCA (Regional Co-operative Agreement for Research, Develop
ment and Training related to Nuclear Science and Technology) and existing pro
fessional societies in each country in collaboration with international organisa
tions. 
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e. A critical input from the UNDP industrial project, over its 5 year term, is 
the provision of required special training in NDT practice to yield increasing 
examination and certification at Level III as defined in Annex U. 

f. Because of the high importance and value of Regional certification for NDT 
earliest efforts should be made under the RCA agreement and its programmes to 
achieve this new standard of performance. 

g. The procedures for testing and certification will be determined and approved 
by a special Advisory Group to be established by RCA in conjunction with Regional 
professional Societies for NDT. This procedure recognizes the complexity of 
establishing and putting into place a Regional testing and certification system, 
estimated to be 3-5 years. Therefore within the time frame of the 5 year UNDP 
industrial project a near-term goal of examination only will be followed with 
respect to participants in special training courses planned. The procedures and 
type of examination will also be established by RCA and the Special NDT 
Advisory Group. Qualification, examination, and certification practices established, 
will use as guidelines NDT examination and certification procedures existing at the 
national Level in selected RCA countries and those established internationally* 
(Reference Attachment 2). The sneeial NDT Advisory Group network of development of 
specific training courses, curricula, tests, emrinment requirements, oualification 
and certification test procedures is schematically illustrated in Annex 5. 

h. Levels I and II, NDT Technicians and Technical Assistants, defined in Annex U, 
are expected to receive local training carried out by persons satisfactorily 
achieving Level III Certification under the RCA-UNDP programme or through 
other in-country training efforts. 

k. Sub-Project Requirements 
An important input to upgrading such practice and building the required 

infrastructure in RCA countries will be the achievement of Regional certification. 
The objective over the 5 year term of the UNDP Project is to create a pool of 
NDT specialists trained and certified at Level III NDT practice as defined by 
national and international Societies and organizations (see Annex l). This pool 
of senior level persons will provide a sufficient "in-country" base for training 
and certifying largf? numbers of NDT practitioners at Level I and Level II 
to huil.l a strong , effective infrastructure of NDT practitioners according to 
int ::.•)!.ional .-. tondnrds. This go-il in anrigtiod hi?rh merit and priority under this 
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T»even specialized training courses are planned as follows to meet 
Regional demands and requirements for Level ITT, certification: 

1. Two week Advanced Training Courses with emphasis on the theory of TOT methods 
including: 
a. Radiographic inspection 
b. Ultrasonic testing 
c. Magnetic particle testing 
d. Liquid penetrant testing 
e. Eddy current testing 
d. Leak testing 
This training will be preparatory to the workshops identified below. 

2. Two week Workshop on the practical aspects of radiographic inspection 
3. Three week Workshop on the practical aspects of ultrasonic inspection 

To have greatest impact, these training courses and workshops will be 
offered in countries having greatest capability and experience. Accordingly, 
the Advanced Training Courses will be given at the Singapore Institute of 
Standards and Industrial Research and the Workshops at the Japan Society for Non-
Destructive Testing (ultrasonic inspection) and at the Japan Atomic Energy 
Research Institute (radiographic inspection). 

An Advisory Group for NDT training, examination and certification will 
be established by the RCA. This Advisory Group, to be made up of Senior NDT 
authorities from Government and national professional societies, will have the 
responsibility for designing and putting into practice training courses and 
qualification test procedures leading to Regional certification according to 
International Standards. 

Financing for the training courses and workshops will be shared by the 
Governments of Japan and Singapore and the UNDP as described in the budget table 
for this Sub-Project. Funding for the RCA Advisory Group for training, examination 
and certification will be provided by RCA Governments. 

5. Sub-Project Plan and Budget 

a. Sub-Project Plan 
The development and implementation of Regional certification is the respon

sibility of RCA Governments and NDT professional societies in each country. Thp 
goal of Regional Certification of NDT practice is to enlarge the infrastructure of 
countries part.y to the Regional Agreement and is assigned high merit and priority 
within the RCA framework. 
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A c r i t i c a l input from t h i s Sub-Project, over i t s 5 year term, i s the 
provision of required special t r a in ing in NDT prac t i ce t o a s s i s t in achieving 
the goal of Regional c e r t i f i c a t i o n . The specia l t r a i n i n g wi l l y i e l d a core grouD 
of c e r t i f i e d s p e c i a l i s t s (Level I I I NDT c e r t i f i c a t i o n ) su f f i c ien t t o i n i t i a t e 
"in country" Level I and I I t r a in ing and c e r t i f i c a t i o n . 

b . Sub-Project Budget 
Government Input 

a. Provision of s a l a r i e s of counterpart s t a f f adequate t o meet the requirements 
of the Sub-Project in each country. 

b . Provision of a l l physical f a c i l i t i e s for t r a i n i n g courses , workshop demons
t r a t i o n s and expert se rv ices . 

c. Provide t r ave l expenses within the country for p a r t i c i p a n t s , experts and country 
counterpar ts . 

d. Co-ordinate country plans and scheduling of the workshop-demonstrations, t r a in ing 
courses , and expert se rv ices . 

e. Provision of fu l l cos t s , by the Government of Japan, for two Applied Radio
graphic Inspection Training Courses 

f. Provision, through the RCA, of a plan for implementation of Regional c e r t i 
f ica t ion according to in terna t ional standards including required sy l l ab i 
and ins t ruc t ions for t ra in ing and examination. 

Total Estimated Government Input $210,000 

UNDP Inputs 

a. Special t r a in ing equipment $120,800 
b . Experts (6 m/m) $ 1*0,200 
c. Group Training (92 m/m) $190,800 

Total Estimated UNDP Inmit $351,800 
Total Estimated Sub-Project Cost $561,800 
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ATTACHMENT 2 

LIST OF NDT EXAMINATION AND 7ERTIFICATION PRACTICES 

1. American Society for Non-Destructive Test ing; Recommended Practice 
No. SNT-TC-1A (1975 Edition) 

2. Australian I n s t i t u t e for Non-Destructive Test ing; Qualification of Personnel 
Engaged in Non-Destructive Testing in Aust ra l ia , December 197*+ 

3. Australian I n s t i t u t e for Non-Destructive Test ing; Qualifying Scheme Handbook 
Information for Board and Panel Members, June 1977 

U. Australian I n s t i t u t e for Non-Destructive Test ing; Qualif ication of Personnel 
Engaged in Non-Destructive Testing in Aust ra l ia : Magnetic Pa r t i c l e and Pene
t r a n t Testing , Ultrasonic Method, Radiographic Method, 1971* 

5. Japanese Society for Non-Destructive Inspect ion; Cer t i f ica t ion scheme of Non-
Destructive Testing Personnel in Japan 

6. Cer t i f ica t ion Scheme for Weldment Inspection Personnel; Abington Hal l , Abington, 
Cambridge; Syllabus on wnich candidates for the Ultrasonic Cer t i f ica te w i l l be 
examined; Specimen wri t ten examination questions for magnetic p a r t i c l e and/or 
penetrant c e r t i f i c a t i o n ; Document No. CSWIP-RAD-3-71; Document No. MB. Ik 
Document No. CSWIP-UST-1-71; Document No. CSWIP-RAD-2-72; Document No. CSWIP-
MAGPEN-1+-72; CSWIP-The Br i t i sh Scheme for Assessment of Proficienty of NDT 
Personnel 

7. EUROTEST Technical Bu l l e t i n , E 21-22; 
8. German Society for Non-Destructive Testing (DGZfP); Scheme for Training and 

Qualification of Personnel in Non-Destructive Testing Methods and in Radiation 
Protection 

9. Klaus Egelkraut: Education and Training of NDT-Personnel in the Federal Republic 
of Germany 

lO.Nordtest-Scheme for Cer t i f ica t ion of Non-Destructive Testing Personnel 
11.Recommendation of the IIW; Recommendations r e l a t i n g to the t r a in ing of Non-

Destructive Testing Personnel; Document IIS/IIW-585-79 
12.Regional (RCA) Training Course on Advancen NDT Pract ices Training and C e r t i 

f icat ion of NDT Personnel 





ATTACHMENT 3 

RADIOGRAPHIC ASSESSMENT UITK REFERENCE TO 
VARIOUS COPES/SPECIFICATICKS 

R.R. Wamorkar, 
Isotope Group 
Bhabha Atomic Research Centre, 
Trombay, Bombay, India 

Purpose of inspection standards and codes is to prescribe 
a test procedure which could give correct assessment of the quality 
of the product* The data generated in these testa is. analysed in 
context with the requirements envisaged by the design. Test 
procedures in standards and codes are evolved for the maximum 
achievable sensitivity of the method employed, so that all 
discontinuities including objectional ones, could be revealed, 
if present in the specimen. 

Applicability of radiographic inspection for non
destructive evaluation mainly depends upon the nature, size and 
the location of the discontinuity looked for. Under ideal 
conditions of tests, the highest achieveable sensitivity of 
radiographic technique can be theoretically calculated. However, 
due to a nuDber of uncontrollable factors in practice, it may 
not be possible to attain thete sensitivity levels. This where 
inspection standards and codes bridge the gap by prescribing 
optimum conditions which could produce test sensitivity closest to 
the theoretical values* 

In these lecture notes, an attempt is made to review 
various radiographic standards followed in industrial inspection 
practices. Characteristics of these standards are also highlighted. 

A.1 Inspection Standards and Codes 

There are several national and international standards 
and codes practiced in industrial radiography. Some of the 
prominent ones are ASTM; ASKE; B.S.5 DIN and ISO. All these 
standards prescribe general guidelines on the following parameters 
of the radiography techniquet 

a) General requirements and technique 
classifications 

l) Film, screens and fog density 
c) Radiograph density 
d) Identification eystem and location markers 
e) Source selection and calibration 
f) Source to film distance - Ug values 
g) Image Quality Indicators 
h) Procedure requirumt'Lts 
i) Evaluation oi' r?tdic;{ r;.i;hc 
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The standards mentioned above, though bas ical ly 
s imilar, di f fer in their approach. Obvious difference i e noticed 
between European standards including ISO and American and Canadian 
standards* The difference l i e s in the design concept of the Ictege 
Quality Indicators(penetrmeter) and the basis of cens i t i v i ty 
calculations* Ctber area of variations ure technical adoption and 
source to f i l s distance based on allowable values of geometrical 
unsharpn«8s(Ug)• 

To understand the difference in various radiography 
standards, i t would be worthwhile to look in the points where 
they di f fer fro» each other* Jbr the s»ke< of convenience, the 
standards have been c lass i f i ed in four broad categoriest 

1. Standards for welds in s tee l p lates 
2. Standards for welds in p i s s and cylindrical objects 
3* Standards for welds xxxpiwaaxaji*. of boi lers and 

pressure vesse l s 

4. Standards for s tee l castings 

Each category wi l l be discussed separately. 

A*2 Standards for welds in s t ee l plates 

A.2.1 Classification of techniques! 

In ISO-R 1106, applicable to fusion welds upto 50 mm 
thickness techniques are c lass i f ied ass 

Class A - General techniques for x-rays applicable to 
mild or low al loy s t e e l s 

Class B - More sens i t ive x-ray techniques for important 
applications needing higher s e n s i t i v i t i e s 

Class C- General techniques for gamma-ays for general 
applications when shape, thickness, and 
acces s ib i l i ty renders use of x-rays impossible. 

Jbr plate thicknesses in the xange 50-200 no, ISO 2405 i s 
applicable. 0 n the basis of thickness and the radiation energy 
used six groups are prescribed. In B.S. 2600 part I of the seven 
techniques, 3 axe applicable for x-rays and 2 for gamma sources. 

In DIN 54111, two c lasses of radiography techniques 
are specified 

Class A - General technique 
Class B • mors sens i t ive technique 
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Polish standard PH-72/k.69770 prescribes 5 classes 

Class I - more sensitive image quality 
Class 2 - noiaal image quality image quality 
Class 3 - less sensitive image quality 

A.2.2 Films and Screenst 

ISO R 1106 
Class 1 - Non-screen type films, with or 

without lead screens* 
Class B 4 C - Fine grain high contrast films in 

combination with lead screens. 

According to ISO-2405, only direct types of films with 
medium speed fine grains and very fine grain films can be 
used. Recommendations for screens are given below1 

Screen 

Group Material Thickness in mm 
Front Back 

A Lead 0.02-0.1 0.02-0.1 
B Lead 0.2 -1.0 0.5 -1.6 
C Copper or lead 1.0 - 1.6 1.0 - 1.6 
B Tantalus, 1 . 0 - 1 . 6 

Tsmgsten or lead 
E Copper or lead 0.2 - 1.0 0.1 - 0.5 
F Lead 0.05 - 0 .2 0.05-0.2 

In groups E and F which are applicable for Co-60 and 
Ir-192 respectively, a lead f i l t er of thickness (2.0 am for E 
and 1.0 on for F) should be placed between the specimen and the 
cassette. 

B.S. 2600 Part I 

Film recommendations are as follows 

Tjo&alflujB m«i_ 

a) 1 (x-rays) and Ultra fine grain, high contrast 
6 (gamma rays) direct type 

b) 2 (X-rays) »nd Fine grains, high ccntrast 
7 (ganoa rays) direct types 
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C) (x-rays) and Medium speed direct type 
(gamna-rayB) 

Screen thickness should be as followst 

Thickness in mm 

Front Back 

Below 120 KV Lead - 0.1 mii.imum 
120 - 250 KV -do- 0.025-0.125 0.1 
250-400 KV -do- 0,05 - 0.16 0.1 

Iridium-192 t 
Cesiiw-137 } 
Cobalt-60 8 

-dc— 0,05 - 0.16 0.16 " 

Cobalt-60 Steel or 
copper 

0.5 - 2.0 0.25-1.0 " 

Recommendations for films and screens in B.S. - 2600 
part 2 is similar to I.SO* 2405. 

DIN 54.111 

3 classes of films are specified 

Class 0 I - very fine grain 
Class 0 II - fine grain 
Class G III - medium grain 

Film selection is given in table I 

Table - I 

- Techniaues 
Class A Class B 

a ) General recommendations G III C-II 
b) Specimen thickness with 

x-rays above 4 MeV 
i ) 60-100 on Gil without 

backscreen 
C-I without 
backscreen 

i i ) 100-300 mm GUI -do- GII -do-

i i i ) Over 300 urn G-III without backscreen or 
tantalum screen of 0.5 mm* 



Metal intensifying screens shal l he as 
given helow (re f .2 ) 

Radiation enerry Metal intensifyirg screen 

Utp 100 KeV Without screen 
100 - 150 KeV With or without lead screens of 

0.02 to 0.15 front and back 
150-400 KeV 0.02 to 0.15 lead front abd back 
Iridium-192 0.05 to 0.15 lead front and back 
Cobalt-60 0.2 to 0.4 copper or steel front 

Heavy metal 0.1 to 0.5 mm back 
Above 15 MeV a 1mm Tantalum (front) 
Above.30 MeV 1.5 mm Tantalum (Front) 

ASME and >STM 

Classif ication of films and their selection i s given in 
ASTH - E - 94 and A£ME (SE-94) 

No screens, are recommended up to radiation energy of 
125 KV. Front screen thickness for Ir-192 and Co-60 are 0.13 mm 
and 0.25 mm respectively. Copper, tantalum and gold screen can 
also be used for Cobalt-60 and radiation energies above 1 MeV. 

A.2.3 Source-film distance (SFD) 

MinimittJSFD depends upon the permissible Ug values. 
I t also decides the f i e ld of coverage in a single unidirectional 
exposure. 

In ISO 1106 the resulting Ug value should not be more 
than 0.4 mm for techniques A and C and 0.2 mo for technique-B. 
Permissible values of Ug( in mm) under different codes are given 
in the table 1. 

Table - I (Ref. 1) 

Code Specimen thickness in cms 
5 1 J 2 5 5 8 7 5 10 More than 10 

ASME Section V 0.5 0.5 0.5 0.76 1.0 1.8 
AS&E Section III 
B.S. 2600 (1962) 

2910 (1965) 
IIW (1969) 

0.5 0.5 0.5 0.5 0.5 
0.2 0.2 0.26 0.33 0.4 

0.1 0.1 0.1 

1.25 

IIW (1965) 
DIN 54-111(1970) 

- - 0.25 0.3 0.35 
0.07 0.13 0.28 0.35 0.42 mm 
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A.2.4 Size of areai The area to be considered for interpretation 
on a radiograph depends upon the difference of the thickness of the 
material at the extreme end of the area measured in the direction of 
beam incident at that point and the actual thickness at that point. 
This difference should not be greater than the values given below 

ISO/R 1106 - 10% of the material thickness for Class A 4 C 
techniques 
6$ of the material thickness for Class B technique 

BS 2600 - 6> of the material thickness for techniques 1 & 2 
10?i of the material thickness for techniques 3 to ̂ . 

A.2.5 Film density 

The limit8 of acceptable film densitities and max. 
fog density levels are gdven below. Higher film densities are 
permissible if adequate viewing facility is available. 

Code Applicable 
Techninue 

Film densi ty range Max. fog density 

ISO/K 1106 Class A 

Clas B & C 

1.7 t o 3.0 
(Non screen 
1.3 t o 2.3 
(screen type 
2.0 to 3.0 

f i lm) 

' f i lms) 

0.2 

0.2 
0.2 

ISO/2405 All 2.0 to 3.0 0.3 

BS 2600 Part I 1 (2,6&7 2.0 to 3.0 0.2 

3,4 1.7 to 3.0 0.3 

8 2.0 to 2.0 0.3 
DIN 54111 Class A 1.7 to 3*0 0.3 

Class B 2.0 to 3.0 0.3 
ASME Sec . I I X-rays 

Gamma ray 
Composite 

1.6 to 4*0 
2.0 to 4*0 
2.6 to 4-0 

1 
« 
5 e-2 

* 

A.2.6 Choice of radiation source 

X-rays t For select ion of appropriate tube voltage upto 
400 KV, all standards provide graphs of tube voltage against the 
material thickness. Also the individual technique indicates 
minimum exposure in terns of mA minutes - For higher thicknesses, 
whenever the radiation energy is more than 1MeVf the equipment and the 
thickness range are prescribed. 
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Code Minimum thickness of 6teel 
in mm 

Ir-192 Cs-137 Co-60 

ISO R 1106 • 10 25 38 
B.S. 2600 Part 1 10 25 50 
DIN 54111 40-100* - 70 - 120* 
ASHE 19 - 38 

* indicatesjnaxlmum range 

All other recommendations such as preparation of specimen, 
weld location on the radiograph, identification markers, over lap of 
films, cassettes, alignment of beam, interception of scattered 
radiation, film processing, viewing, and other guidance of general 
nature, are more or less similar in above codes and standards. 

A.3 Circumferencial welds on pipes and cylindrical objects 

All recommendations which have been discussed in 
Section A-2 will also apply here and in A-4. In addition, 
sketches showing radiographic exposure geometry are given in the 
code for guidance. Applicable codes are ISO R 947, B.S. 2910, 
DIN 54111, ASME and ASOI. 

On the basis of locating the source and the film, 
some of these standards have classified them in number of 
techniques, as for example 

I.St.0. R 947 - 4 
B.S. 2910 - 18 
DIN 54111 - 6 

By virtue of the cylindrical shape in pipes, the 
limits:! of diagnostic film length has to be considered. 

Important codes for radiography of welds of pipes carrying 
films are I 

API 1104 - Standard for welding j-ipe-lines and related 
facility by American Petroleum Institute 

B.S. 2633 - Specification for Class I Arc welding of 
Ferrlte steel pipework for carrying fluids. 
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A.4 RADIOGRAPHY OF V.ELDS OF BOILEUS & PRKSiJUiiK VESSELS 

IIS/lIW-65"^>1 code prescribes 3 c lessee 

Class I _ 10C£ radiography of butt welds 
Class I I - Random radiography 
Class I II - Ko ra iopraphy 

A.S.iI.E. Eoiler and Pressure Vessel Code has 9 sections 
of which section V exclusively deals with HDT requirements. 
Radiographic standards are covered in art ic le-2 and 3 of the 
section f.. Article-2 i s applicable for 100/a radiographic 
coverage whereas a r t i c l e 3 permits greater lat i tude in t*nns 
of s e n s i t i v i t y . 

The codes prescribe minimum qualification of the 
personnel as well as their visual acuity ft 

1 A. 5 Radiography of cast ingsi 

Though ASTM and HSKE do not specify exclusive codes for 
radiographic examination of c a s t i n g , *he specif ications cover 
important aspects of radiography procedures in various designations. 
Some of the important ones a r e i -

E-94i - Recommended practice for radiographic 
t e s t ing 

E-142 - Standard for controll ing quality of 
radiographic tes t ing . 

Besides these , there are number of s e t s of casting rc-ference 
radiographs covering materials such as s t e e l , copper-nickel a l l o y , 
t in bronze, aluminium and magnesiums described in different 
designations. 

b.S. 4060 gives procedure for radiographic examination of a l l 
types of steel cast ings. Betides other general recommendations, 
the import poinds are; 

i ) Marking of area 

i i ) I.Q.X - use of wire or step type IQJ as 
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given in E.S. 3971 and their acceptable 
sensitivity levels for different thickness 
are specified. 

iii) Only •direct-type' x-r»y filas to be used in 
conjunction with metal foils nade of lead, 
copper, tantalus, and tungsten, the thickness 
and the material depending upon radiation energy 
eaployed. 

iv) •source selection for different thickness 
ranges is as follows: 

Radiation 

100 KV - x-ray e 
200 KV - x-rajpa 
400 KV - x-ray 

1000 KV x-ray 
2000 KV x-ray 
5-31 ^eV x-rays 
Iridium-192 
Cesium-137 
Cobalt-60 

Steel thickness range 
in ma 

upto 12.5 
12.5 to 40 
40 to 90 
50 to 150 
60 to 250 
75 to 400 
12.5 to 75 
20 to 100 
40 to 200 

*lso while using double film technique to cover thick and 
thin sect i tn of +he casting in a s i n t l e exposure, the difference should 
not be too large. Otherwise the contrast on the thinner section would 
be too low 

B. Acceptance Limits1 

Acceptance or rejection of welds, castings or x* other 
a r t i c l e s based on the magnitude of the discontinuity as detected by 
radiographic examination, i s complicated and needs a back ground 
knowledge as discussed in the notes on interpretation of radiographs* 
These l imits are generally established with reference data on "effect 
of flaw on the strength of the material under various service 
conditions". Seriousness of the flaws in the metals can be 
evaluated in terms of sens i t iv i ty of the metal to the defect . 
Location and the oreintation of the flaw, are the other important 
factors considered while deciding on acceptance l imi t s . 
Elongated and sharply edged flaws are considered more dangerous than 
rounded ones. Porosity and blow holes reduce the cross section 
and also the p las t ic i ty of the material. These flaws reduce the 
fatigue l imit and cause s tress concentrations. 



Cracks and lack of fusion reduce the useful area and 
decrease the s tat ic strength. These areas act as concentration 
zone6 of s tresses which are relieved through the plast ic 
deformation or fa i lure . 

B»1 Acceptable and unacceptable f la*st 

A radiograph of a weld or casting nay show certain 
indication due to the discont inuit ies which may not lower or 
reduce the material strength and also no fai lure could be 
caused because o f them. Such flaws are considered acceptable. 
For example, in a cast ing , the defects which occur on or near 
surface which i s l ike ly to be removed in the f inal machining, are 
acceptable. Weld indications such as central l ine crevices , high-
low, limited tungsten inclusion, ragon tracks, weld spatters and 
spit+ings are considered not harmful. 

B.2 Classif ication of defects : 

First step towards arriving at ucceptance rejection l imits of 
defects would be to c la s s i fy them in broad categories such as surface 
and internal d iscont inui t ies . In case of internal defects , i t would 
be further necessary t o identify their nature such as planar type or 
volume type. next atep would be tt. assess the ir severity and arrange 
them in order of severity l eve l s and group them together with 
common identi fer 

B.3 Acceptance/rejectioni 

Procedure for acceptance/rejection involves either of the 
following methodsi 

a) use of reference radiographs - Reference 
radiographs provide excel lent guidance for 
comparing- the flaws on the radiograph leading 
to the ir c lass i f i cat ion for acceptabil i ty. 

b) Measuring diaensions of the flaws and ta l ly ing 
the ir sua with the acceptable norms given in the 
stefldard. 

B.4 Typical acceptance standards 

B.4.1 Welds 1 

IIW has published an a t la s of "collection of 
Reference Hadiographs of welds in which the flaws has been grouped 
together and codified in different coloumns, such as Black, Blue, 
Gr^rn, Brown, end Red in order of increasing severity. 



ASTH-E-590 has 3 volumes of reference radiographs 
based on seven noainal weld thicknesses. There are graded 
flaws shown in f ive severity l e v i e s . Ungraded flaws are 
given for information. When flaws are t o abe evaluated 
on the basis of their dimension as observed on the 
radiographs, the genral guidelines are as follows: 

a) Crackst 
Any type of crack is unacceptable under the codes for 

pressure vessels} And pipelines, exception being crator crack 
up to 4 an permissible under API-1104. 

b) Incomplete fusion and penetration! 

Not acceptable under all codes applicable to pressure 
vessels. However, codes applicable to pipe lines carrying 
fluids such as B.S. 2634 part 2, API 1104, B.S. 2633, B.S. 4677, 
the welds are resectable when the length exceeds the specified 
limit. 

c) Inclusions 1 Slag inclusions of certain dimensions are 
permissible in a certain length and thicknesses of weld. 

In case of tungsten inclusion only a small size less 
than 3 mm or 1/4 of thickness of weld whichever is less is 
permitted. 

d) Porosity* Acceptable l imi ts of porosity are determined 
by total permissible area of porosity in a certain length of weld 
porosity charts indicate s i z e , number and the ir distribution 
pattern for a thickness of weld are usually available for 
comparison. 

c) Root eavi t iert Root cav i t ies result ing in thickness of 
welds l esser than that of parent metal are unacceptable 

f ) Burn throuffot Unrepaired! imagaAsaaaldjcaaxyaxa burn through 
should not exceed 6 mm or thickness of the pipe. 

c) Undercuts 1 Undercuts should not exceed certain percentage of 
the pipe wall thickness. Usually the value should not exceed 
0.8 mm. whichever i s m a i l e r . 

B.4.2 Castingst 

ASME Section VII provides fuidelines for acceptance/ 
rejection limits for steel castings upto thickness of J05 mm 
using following ASTM otan ards. 
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E-446 - upto 51 mm thickness 
E-186 - from 51 to 115 mm 
E-280 - from 115 to WJ mm. 

Casting defects in these standards have been divided 
in seven groups such as gas porosity, sand and s lag inclusions, 
shrinkages, hot tears, cracks, l inear discont inuit ies , inserts 
and mottling. These defects have been presented in 5 classes 
representing increasing severity l eve l s . Haximira acceptable 
severity l imi t s under ASME section VIII i s as followst 

D e fect type E->446 E-186 E-280 
upto 25 25-50 51-115 115-305 

Gas porosity 1 2 2 2 
Sand and s lag 

inclusion 2 3 2 2 
Shrinkages 1 3 

Type 1 1 2 
Type 2 2 2 
1'ype 3 3 2 

Hot tears 0 0 0 
Cracks 0 0 0 
Linear discontinuites 0 
Inserts 0 0 0 0 
Mottling 0 0 -

For ferrous castings weighing 50 Kg. and above, the 
following acceptance guidelines i s suggest (ref. 2 ) . 
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1. Cracks and hot t e a r s 
2. Sronginess 
3 . Cold-shuts 
4« Unfused c h i l l s and chaplets 
5. Filamentary shrinkages 

6. Gas holes 

7» Sand inclusions 

Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 

Can be accepted i f indicated 
as cen t ra l - l ine - sh r inkage . 
Dangerous when extending 
towards surface. Each case 
t o be judged on the bas is of 
i t s locat ion in the cas t ing . 
Not ser ious i f not interconnected, 
can be accepted upto 20^ of the 
thickness sect ion. 
Being surface or sub-surface, 
acceptance to b» decided in 
r e l a t i o n with the amount of 
machining. 
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1. Halmshaw R, " Indus t r i a l Radiology Techniques" 
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Standardsi 

ISO R 1106 - Recommended prac t ice for radiographic inspection of 
fusion welded but t j o i n + s f o r s t ee l p la tes upto 
50 mm (2 inches) thick 

ISO 2405 - Recommended prac t ice for radiographic inspection of 
fusion welded but t j o i n t s f o r s tee l p l a t e s 50 to 
200 mm th ick . 

ISO R 947 - Recommended p rac t i ce for radiographic inspection of 
circumferencial fueion welded but t join+s in s tee l pipes 
upto 50 oira(w inches) v.all th ickness . 

IIW,8^-61 - Radiography of welds of b o i l e r s and preseare vessels 

E.S. 2600 P a r t - General recommendations for radiographic examination 
of fusion welded circumferBncial butt join+s in s t e e l 

-1973 pipes* 
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B.S. 2910 - 1965 General recoaaendationa for radiographic 
exawina+ion of fusion welded circuaferencial 
butt jo ints in s tee l pipes. 

B.S. 4060 - 1966 Kethods for non-destructive tes t ing of s teel 
cast ings. 

B.S. 3971 - 1966 Specifications for imace quality indicators 
for radiography and recoaaendations for the i r 
use. 

B.S. 2654 - 1961 Part 2 - specifications for ver t i c l e s t ee l 
welded storage tanks with butt welded s h e l l s 
for petroleua industry. 

B.S. 2633 - 1966 Specifications for class I are welding of 
f err i t e c*eel pipe work for carrying f l u i d s . 

B.S. 4677 - 1 971 Specifications for c lass I arc welding of 
austenatic s ta in less steel pipe work for 
carrvinj; f luids 

DIN 54111 - German standard. 
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ANNEX 1 

REGIONAL CERTIFICATION COURSE IK JuHT 

In the last three decades the growth of quality awareness 

in the Indian industries has been truely phenomenal* The process 

of engineering technology i t s e l f , with the introduction of new 

raw materials and desi;?i concepts for improved material performance, 

continues to pose challenges to ndt s p e c i a l i s t s . Quality assurance 

i s sought at every stage starting from raw materials to couiitissioning 

of finished products, monitoring performance ef f ic iencies and for 

forewarning of material failure* At a l l these s tages , nondestructive 

tes t ing (ndt) plays a v i ta l and important role* 

Basic ndt methods widely used by industries include, 

i ) Industrial Radiography using either x-rays or &auuiia rays 

i i ) Ultrasonics 

i i i ) Magnetic part ic les 

iv) Eddy currents 

v) fye penetrants 

Of these, radiography i s preferred to other methods whenever 

applicable, s ince i t provides a permanent v i s i b l e image for 

interpretation, information storage and retrieval* Mors important in the 

context of developing countries i s i t s larger benefit to cost rat io 

and the simplicity of application* 

Ultrasonic methods have undoubtedly a wider range of application 

but at the present status of development in India, the interpretation 
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of r e s u l t s i s subject ive and operator depended. '.Trained e lec t ronic 

technicians are required to maintain th» instruments. hequirenients 

for eddy current method are more or les3 s imi la r to those of u l t i a s o n i c s . 

Effectiveness of inspection v/ith ia?<^netic p a r t i c l e s and dye 

penetrants depends mainly upon the proper se lec t ion of i:.aterial3 and 

equipment and can be performed ra the r easily with etandardiasd procedures. 

2. Status of Rp:: Development 

2.1 Field of appl icat ion t NDT, in p a r t i c u l a r radio r a r h y i s used in a l l 

discipl ines of engineering indus t r i e s - l i g h t , uediura and heavy. I t io 

estimated tha t more than 5^0 indus t r i e s in the country e-pl^y ndt rnd 

cf these about 35^ use i ndus t r i a l radiography as the uain ndt tool in 

bo i l e r and pressure vessel manufacture; ship b u i l d i n 0 | space and av ia t ion , 

cheniai and petruleun r e f i n e r i e s ; nuclearin,_ engineering; hydropower 

generatipn; bridge construct ion; heavy machinery ii.anuf.cture for mining, 

sugar f cedent, t e x t i l e s etc* 

2.2 Personnel : The categories of personnel engaged in ndt appl ica t ions 

e i t he r d i r ec t l y or i nd i r ec t l y are 

Design Engineers - for engineering dosignns incorporat ing the 

envisaged qual i ty level and specifying appropr ia te 

ndt methods 

NOT M-.-nager - for planning, scheduling} d e t a i l i n g the working 

procedures and in t e rp re ta t ion of data generated 

through appl ica t ion of ndt aethodst 
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NOT Supervisor - for direct supervision during actual operation 

of ndt to ensure correct adoption of the speci f ied 
technique and prelininary interpretation. 

NOT Operators - for ski l led work of routine nature. 

1$ i s estimated that about 4000 persons are engaged in ndt work 

in one way or the other in Indian industries* of these about JOOQ persons 

practice industrial radiography only. 

i s regards education and training of these personnel* about 

4O-3O percent of the people engaged in industrial radiography in the 

category of supervisors and operators, have already been cert i f ied 

through organised training courses* Plans are on hand to cover the 

balance under the cert i f icat ion scheme through courses organised by the 

Bhabha Atomic Research Centre (B.A.H.C.) in collaboration with other 

industrial units of the country. 

Personnel in other ndt methods are either s e l f trained through 

years of practical experience or have undertaken sone short term refresher 

courses usually organised by some professional inst i tut ions in the 

country* 

2»3» KPT Education 1 There i s no university or educational ins t i tu t ion 

in the country which offers ndt courses at present. However* i t i s 

learnt, that a few regional engineering colleges would be introducing 

regular degree/diploma courses in ndt. 
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National institutions such as Central Mechanical Engineering 

Research Institute, Surgapuri Kechnical Engineering Research and 

Development Organisation, Bine; and National Institute of Foundry and 

Forge Technology, fianchi) organise 2 - 3 refresher courses in ndt once 

in a year for small groups of about 20-25 professionals from the industry* 

Heavy engineering industries such as equipment manufacture of 

thermal power plants, steel plants, occasionally organise short term 

training courses in ndt basically to meet their own requirements of 

trained personnel for their expansion programmes* 

Professional organisations such as National Association of 

Applications of Radioisotopes and Radiation in Industry (KAARRl). 

Non-destructive Testing Society of India and Hyderabad Science Society 

also organise short term refresher courses in ndt with maximum duration 

of about 1 week. 

Courses at B.A.K.C. Tronbay, Bombay 

B.A.R.C. offers following certification courses in industrial 

radiography for different levels. 

a) Industrial Radiography & Safety Aspects ( IRC-1)I 

The 6 weeks' course i s designed for personnal of supervisory cadre* 

The course covers complete technical programme both in theory and 

practicalej in industrial radiography and radiation safety. A few lectures 

and demonstrations of other related ndt techniques! conventional and 

modern are also included to make the course comprehensive. The course 

content corresponds to a standard well above II of American Society for 

Nondestructive Testing (A3NT). 
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b) Industrial Radiography & Sagety Aspects (IHG-Il) t 

This three week's course i s designed for opeiators or 

radiographers* In the course the emphasis i s given on practical 

asi-ftts of radiography techniques and-feafe radiation op-rations* 

On-the-job training i s also included as an essent ial part of the course* 

c) Safety Aspects in Industrial Applications of Radiation 

Sources t 

This four weeks course i s mainly designed with emphasis on safety 

aspects in industrial applications of radioisotopes, including industrial 

radiography, for the people with at least on year's experience at 

supervisory level* 

d) Radiographers course t This i s a week's course prescribed 

for cert i f icat ion of operators already engaged in r a d i o s :j.phy work* 

Assessment t In a l l above course, the candidates are 

assessed for the ir proficiency in radiography practice at the md of the 

course period* The assessment i s inade tnrou 6h written and org! examination, 

as wfl l as practical t e s t s . The cer t i f i ca te i s issued out to enndi a tee 

who secure 50 percent or nore ro-uks in the aggreg.-te* 

Condensed syllabus of the above courses are jjiven in the 

appendix* All these courses contain topics on radiation protection, 

knowledge of which i s a mandatory requirement for l icensing of the 

personnel engaged in industrial radiography. 
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3« Requirements I 

Besides i n d u s t r i a l radiography use of other ndt techniques i s 

growing rap id ly in the country. This could be seen from the increased 

commercial production of equipment for u l t r a s o n i c s , eddy c u i r e n t s , 

magnetic p a r t i c l e s , and spec ia l i sed t e s t i n ; app l i ca t ions . 

As mentioned e a r l i e r , a l a rge number of people a re engaged 

in ndt work other than r^dio^-raphy and have not undergone any c e r t i f i c a t i o n 

course. This i s due t o non-ava i l sb i l i ty of such courses in the co-nt ry . 

Cer t i f i ca t ion courses in induutrip.l radiography are organised 

by B.A.P..C. because of the Element of rad ia t ion p ro tec t ion , the 

enforcement of which i s control led by the department of Atomic Energy 

under the law. 

In case of Other ndt methods, the s i t u a t i o n * i s d i f fe ren t 

s ince no s u i t a b l e agency could be iden t i f i ed as y e t , as competent to 

conduct in tegra ted courses in ndt . 

The requirement of c e r t i f i ed personnel in i n d u s t r i a l 

radiography has now been iden t i f i ed . Ho. ever, t o keep pace with 

advncement of ndt technology, i t would be des i r ab le to plan fu ture 

courses jnte. jrated with other ndt methods. Thus a c e r t i f i c a t i o n course 

in ndt without diminishing the present content of radiography would 

be des i rab le . 

Estimated requirement of ndt personnel in the industry i s about 

5OO-4OO annually. 
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4» Need for Regional Certification i 

Generally, a l l countries have the ir own national standards 

in ndt and also the methodology for the ir implementation. 

Developnent of suitable manpower i s essent ial for implementation 

of nation standards in ndt* 

The 4 man I»A*E*A* mission to the RCA countries has r ight ly 

pointed out the need to examine the cert i f icat ion procedures so 

that the standards in the RCA region are adequately improved to be 

at part with international standards. This i s particularly relevant 

in the present age of international cvoper-itien and growth of 

multinational organisations in the region* 

5* Suggested Frame Vfork t 

i ) On the l ines of current international practices* a 

Regional Training Course in ndt of about 8 weeks duration be designed 

for personnel at supervisory level* 

i i ) The course content could be at l eve l I I of ASIIT* 

i i i ) The syllabus should include a l l basic methods of ndt 

specifying the minimum levels of theory and practicals to be covered. 

i r ) Adequate emphasis be given to nuclear techniques in ndt and 

r."dist:.on safety aspects in their applications. Nuclear techriqupn 

may include radiography, instrumentation* 

v) Course materials be prejared indicating the object ives , 

scopes and the lrvel of cert i f icat ion aimed at. 



vi) A. set of typical objective type questions arid 

enuwers be compiled to indicate the general level of the course. 

vii) Minimum qualification for sdmission to the course 

can be a de.-cree in physical sciences or engineering* 

viii) Othex* details about the course such as selection of 

lectures and examiners; terms of certification, recertification. 

maintenance of certification records and termination of certification 

will hare to be worked out. 



APfLSDIX I 

Training Course in Industrial Radiography and Safety Aspects : (IKG-I) 

SYLLABUS 

1. Introduction to non-destructive tes t ing methods 
2* Elements of nuclear physics 
J. Interaction of mdiation with matter and radiation shielding 
4* Units of measurement of radioactivity and radiation 
5» Hadiatioi. detectors end instruments 
6. Interaction of radiation with l iv ing c e l l s 
'(• Biological effects of ionising radiations 
8. Operation2.1 limits for exposure 
9* Radiation hazards evaluation and control 

10. Radiation protection rules (1971) 
11* Radiation sources 
12. Film radiography 

13« Radiography sens i t iv i ty and in&e* quality indicators 
14* Radio/.rai.hy techniques 
15. Radio&rai hy equipment and f a c i l i t y plsnning 
16. Radiographic definition and screens 
17. Castings end forcings 
i e . Welding techniques 
19» Interpretation of r1.di03Ta1.h8 L>nd inspection sUmierds 
20. Man*,ement in in Jus tr ia l radiojr-.phy 
21. Other radiological methods and ai j ' l ications of radioisotopes 
21.1 Xero radiography 
21.2 Fluoroscopy 
21.3 Industrial uses of radioisotopes 
22. Other h'Jf cetiiods 
^^t^^ Ultrasonics 
2 J. 2 il-v'Jetic siethods 
21»? tye penetrants 
21«4 Wdy curve'it techniques 

23. I'rocurenpnt and transport of radioactive aubr-.t-woes 

- 1 leeture 
- 2 lectures 
- 4 lectures 
- 2 lectures 
- 3 lectures 
- 2 lectures 
- 2 lectures 
- 2 lectures 
- 7 lectures 
- 1 lt-cture 
- 3 lectures 
- vj lectures 
- 3 lectures 
- 8 lectures 
- 2 lectures 
- 2 lectures 
- 4 lectures 
- 3 lectures 
- 5 lectures 
- 1 lecture 

- 1 lecture 
- 1 lecture 
- 4 lectures 

- 2 lectures 

- 1 lecture 
- 1 lecture 
- 1 lecture 

- 2 lectures 

http://r1.di03Ta1.h8
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PRACTICALS 

1. Inspection of butt Welded jo ic t s on plates 
2* Inspection of f i l l e t welded joints on plates 

3«Inspection of butt welded pipes 
4* Inspection of f i l l e t welded pipes".' 
5» Single wall technique 
6* Double wall s ing le ima^e technique 
7> Double wall double imaje technique 
6. Fanoramic exposure 
9« Inspection of castings 

10. Inspection of assembly 
11. Inspection of non-metals 
12. Keasureraent of depth of f l» f 
1 J. l i j e wall thickness measurement 
14* Hadiation scattering 
15* Generil interpretation of radiographs 
16. Radiometric inspection 

lEC ĴliB-CU^̂ -DE.Oi.'STRi'iTIOIIS 

1* Radiogra by equipment familiarization 
2. Calibration of survey equipment and inverse square law 
3» Radiation protection survqr 
4* Demonstration of mal operations in radiography equipment 

and retrival of source 
3* Attenuation of x-rays and gamma rays in materials 
6. Film processing 
7» Ulii\-.sonics 

-DUhATlOHS 

Lecture - One hour 
Lecture-cum-demonstrations - three hours 
Practicals - Three hours 
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APPENDIX-i t 

Training Course in Industrial hadiography and balety Aspects (IitG-Ii; 

SYLLABI iS 

1. Elements of nuclear physics - 4 lectures 

2* Interaction of radiation.'with natter - 4 lectures 

3» Radiation hazards and control - 7 lectures 

4* Radiation sources - 1 lecture 

5» Radiography teciiniquee and equipment - 8 lectures 

6. Fili; processing and dark room - 2 lectures 

ins ta l la t ion 

7» Quality evaluation of radiographs - 1 lecture 

8. Procurement and transport of " ' t lecture^ 
radioactive materials 
PKACTICALS 

1. Inspection of Butt welded joints on platen 
2. Inspection of f i l l e t welded jo ints on plates 
3. Inspection of butt welded pipes 
4> Inspection of f i l l e t welded pipes 
5» Single wall technique 
6. Double wall s ingle ima-e 
7* Double wall double intake 
8. Panoramic exposures 
9» Inspection of castings 
10. Inspection of Assembly 

LBCTUK&-C!iM-D3-;0N5TRATI0N5 

1» Radiography cameras and radiation -ronitorinp equipment 
familinrization 

2. Calibration of survey equipir. nt and invene square law 
3» Radiation protection survey 
4» Demonstration of rral operations in radiography equipment 

and retrieval of source 
DURAl'ICho 

Lecture - 1 hour 
Lecture-cum-demonstrations - f hours 
Fracticals - 4 hours 



Training course on safety aspects in industrial applications of 
Radiation Sources 

SYLLABUS 

1. Elements of nuclear physics - 4 lectures 
2. Interaction of radiation with matter - 4 lectures 
3- Interaction oi* radiation with l iv ing c e l l s - 2 lectures 
4. Biological effects of ionisin^ radiations - 2 lectures 
5. Unit6 of neasurenent of ladiacactivity and 

radiation - 2 ltctures 
6. Operational units for exposures - 3 lectures 
7- Radiation detectors ...nd instruments - 6 lectures 
8. Production of x-ray » - 2 lectures 
9. Production and processing of radioisotopes 

and labelled compounds - 2 lectures 
10. Industrial radiolocj - 10 lectures 
11. Industrial uses of radioisotopes - 10 lectures 
12. Radiation hazards evaluation and control - 10 lectures 
13- Transport of radioactive substances - 2 lectures 

1. Operation of G.ll. counter system 
2. Pulse height analysis 
3 . Calibration of survey instruments nnd film bad,;e 
4. Cair'.ia ray absorption 
5. Ganuria back scatter gaage 
6* Beta back scatter gauge 
7« Lovel gauge 
8. Protection survey 
9. Industrial radiography 
10. Density and moisture gau<;e 



ifgtfSflX IV 

Industrial Radiographer Course 

1* Elements of atomic si;d nuclear physics and interaction 
of radi;tion with natter 

2 . Radiation units and operational l i a i t s 
3* Effects of radiation on c e l l s and b'iolojjical e f fec ts 
4« Radiation nonitoring 
5» Techniques of radiation protection 
6 . Radiography techniques 
7 . Radiation protection rules 

- 2 lectures 
- 2 lectures 
- 2 lectures 
- 2 lectures 
- 4 lecLures 
- 1 lecture 
- 1 lecture 

Praticala 

1. Radiological protection survey of gamma radiographic ins ta l la t ion 
2 . Panil iarisation of radiography technique* equipment and accessories 

Duration 

lecture 
Practict-.ls 

- One hour 
- Five hours 
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ANNEX 2 

EDUCATION, TRAINING AND PERSONNEL QUALIFICATION PROGRAMME OF 

JAPANESE SOCIETY FOR NON-DESTRUCTIVE INSPECTION (JSNDI) 

I Education and T r a i n i n g Course 

1. Beginners' Training Course 
The Course is intended to give basic knowledge in ultrasonic examination 

and the correct operating techniques for instruments used. About 50 trainees 
participate in each course. The Course is offered four times a year at 
present. In the future six or more courses will be offered each year. 

The Course is for one day (8 hours) duration; it is proceeded by 
lectures and instructions for operation of required equipment in accordance 
with the programme specified in the Standard Test Book for the UT Beginners, 
published by the Society. 

One instrument is assigned for a group of three trainees. Two groups 
are guided by a trainer. Accordingly, one lecturer and eight or nine trainers 
are required for a course, and sixteen or eighteen instruments are required. 
Lectures and practical training in techniques and instruments used are 
offered. The course provides training in calibration of sweep range, time 
base read-out for signals, sensitivity calibration of equipment, DAC curve 
marking, read-out of signal amplitude for the straight beam method and angle 
beam method respectively. Finally, each trainee is required to measure a 
flaw location in a given sample and to evaluate the signal amplitude from 
the flaw. 

2. ̂ raining Course for the Second Grade (which may be a level comparable 
with the Level II of ASNT-TCIA, USA). 

The course is composed of three days (21 hours) of lecture and two days 
(lU hours) of operational training. 

The lecture subjects are (l) basic principles of UT, {?) straight 
beam method including the requirements of specification of JIS (Japanese 
Industrial Standards), (3) angle beam method including the requirements of 
specification of JIS, (M basic knowledge of metallurgy, welding and flaws 
in materials, and (5) practical exercises. Five lecturers are required for one 
course. 



The operational training is carried cut following the lectures. An 
instrument is assigned for each group of three trainees. One lecturer gives 
instructions on each item of training in accordance with the prjgramine 
stated in the Textbook for Practical Training. One trainer guides two groups 
at one time. About 50 trainees join in a course. Accordingly, one lecturer 
and eight or nine trainers are required for a course. Usually, the lecturer 
is alternatively assigned to each trainer in the course. This is very effective 
in maintaining a uniform level of lectures and pracitcal training for improving 
teaching techniques. 

Practical training is given in correct operation of instruments, calibration 
of sweep range, measurement of beam path distance, sensitivity calibration in 
accordance with specifications of JIS, effects of surface roughness and curvature 
of the test surface, effect of couplant, DAC curve marking, use of DGS (AVG) 
Diagrams, measurement of attenuation coefficients by scattering, delayed signals, 
recording method of signal amplitude, false signals, examination of natural 
flaws in steel plate, bar materials and weld specimens. 

3. Training Course for the First Grade (which may be a level comparable 
with the Level III of ASNT-TCIA) 

The course is composed of three day- (21 hours) of lectures and two days 
of practical training in operational techniques. 

The Subjects of the lectures include (l) principle of UT (3 hours); 
(2) Basic principles of various NDT techniques (k hours); (3) modern UT 
equipment, various transducers (double crystal probes, focused probes, high 
resolution probes, etc.) and automatic remote controlled UT; (U) discussions 
on problems using the straight beam method, (5) discussion on problems in the 
angle beam method, (6) characteristics of natural flaws in plate materials, 
castings, forgings, welding, and austenitic stainless steel, (7) discussion on 
various specifications and how to write procedures, operational manuals and 
Report writing; (8) Practical exercises. Each subject is discussed by different 
lecturers. 

The practical course includes the following: (l) operation of modern 
instilments (demonstration or exhibition); (2) various transducers (focused 
probes, double crystal probes, high resolution probes, immersion methods, etc.); 
(3) practical use of DGS diagrams; (H) automatically operated instruments 
(demonstration or exhibition); and (5) examination of welds of austenitic 
stainless steel. 
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h. Special Grade Training Course 
The Special Grade is defined as a level of qualification having advanced 

knowledge, broad experience and competence in NDT practice sufficient to serve 
as a manager of non-destructive inspection sufficient to meet the following 
requirements: 

a. Planning and conducting of non-destructive inspection 
b. Determinations of judging standards 
c. Administration of judgements 

This Grade requires that the individual be qualified at Grade 1, UT 
Engineer and also at Grade 2, RT, MT, PT, and ET Engineer, as a minimum. 
The course is composed of three days (21 hours) of lectures. The lectures 
topics include (l) basic principles of RT, UT, MT, PT, and ET; (2) the planning 
and carrying out of non-destructive inspection practices; (3) discussions on 
various codes/specifications; (it) the writing of procedures and manuals; and 
(5) procedures for checking test reports, etc. 

II. Qualification Examination 

1. The Third Grade of UT 
This Grade is for qualification of personnel to operate thickness measure

ments by ultrasonic instruments; it does, however, not include the general 
techniques of UT. Written and practical operational tests are required. 

2. The Second Grade of UT 

a. Written test 
Students are given questions from the Standard Text Book "A". There are 

about SO items included in the examination which takes 2 hours. Approximately 
TO percent of the questions have to be answered by "yes" or "no" or by 
giving the correct word. 30 percent of the questions require some calculations 
(for example: percentage to be converted to dB, or defect location given 
beam path distance by angle beam method to be expressed by depth in mm with use 
of triangle functions, etc.) 

b. Practical test 
Two specimen, including an artificially made flaw specimen are given to each 

student. One is for the straight beam method, and the other is for the angle 
beam method. For test purposes, the Society retains one hundred specimen pieces 
each for the straight beam method and the angle beam method with different 
flaw locations and sizes. 
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Twenty students are examined at one time. They are given specimens randomly 
selected and are supplied individual instruments for test purposes. They 
are required to perform the UT inspections on the specimen provided and to 
make a report on the flaw location including evaluation of the signal amplitude 
in comparison with Standard Test Block Reflector, in 20 minutes time. The 
specimens are shown with approximation dimensions as follows: 

A*"—. 2i" 

Specimen for straight beam method 

Specimen for angle beam method 

• 

plugged 

& plugged 

Evaluation of the individual test results are made by a special Panel of 
experts who evaluate levels of errors made. For example, — 1 mm in error for 
measuring the flaw location is the full mark, and - 1.5 mm in error is given 
5 percent less, etc. Signal amplitude measurement in error of - 2 dB is the 
full mark and - 3 dB is given 10% less, etc. The minimum percentage possible 
is 70. 

Before the test begins and immediately after completion of all qualification 
tests on a particular day, examiners double check each test result for correct 
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answers. Therefore twelve examiners are required for a full day during the 
examination. Twenty instruments and twenty sets of Standard Test Blocks are 
required. One co-ordinating examiner, one assistant co-ordinator and ten 
examiners are necessary for each examination. 

3. The First Grade of UT 
a. Written test 

Questions are selected from the Standard Text Book "B". Usually eight or 
nine questions are given: about three of which are narrative and the others are 
calculations. A minimum of TO percent has to be reached. In most cases one 
question is directed to metallurgy or fracture dynamics and the other questions 
are on the interpretation of code specifications. 

b. Practical Examination 

The procedure for the practical examination is the same as for the 
Second Grade. 

c. Oral Examination 

Single students are given questions by the examiner which must be 
answered or commented on. In most cases questions are referring to the application 
of UT for the materials examined by the student (plate, pipe, casting, forging, 
welding, etc.). Knowledge of specifications, test procedures, special precautions, 
practical problems, and requisite reporting items, etc. is required. Two 
examiners make individual evaluations and subsequently review their acceptability. 
Results are reported to the Special Panel of Experts at the end of the examination 
for final acceptance. 

U. The Special Grade 

The examination requires (a) a written test which requires specification of 
procedures for a particular material inspection, and (b) an oral examination 
on the applications of various NDT practices and procedures involving latest 
techniques. 
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PREFACE 

This text was prepared for the advanced training course of 
the ultrasonic examination. The main parts of the inclusions are 
based on Textbook A and B, 1979 published by Japanese Society for 
Nondestructive Inspection and the Textbook for the Basio Course of 
the Ultrasonic Examination published by Eansai Regional Committee of 
Japanese Society for Nondestructive Inspection, abstracted and trans
lated by K. Otani. 

Modifications were made with quotations of various para
graphs specified in ASMS Code, 1973 Winter Addenda for conveniences 
of the readers who are interested in studing the ultrasonic exami
nation applicable to nuclear power plants. For discussions on de
fect diagnosis, the latest Report No.6 issued by FISC was also quoted 
for the same purpose. The Part H I of this text was constructed by 
quotations of ASMS Section XI, and technical reports issued by Mr. 
S. Fukui, Mitsubishi Heavy Industries and Mr. T. Wada, Hitachi Ltd., 
with their kind agreements. 

Due to the very short period to prepare this text, the 
author is afraid that the inclusions may not be appropriate in some 
instances for the purpose. Kind suggestions made by the readers 
would be highly appreciated. 

Dr. K. Kimura, former Chairman of the Japanese Society for 
Nondestructive Test Jug and Mr. S. Hirose, Osaka University, who's 
valuable assistance was very helpful in the preparation of this text 
is highly appreciated* 

I also wish to express my appreciation to the American 
Bureau of Shipping who generously approved my extra curriculum 
activities. 

K. Otani 

25 September, I960 
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PAS? T 

BASIC DISCU33I0M3 OH THE ULTRASONIC EXAMINATION 

I The Variable in the Dltrasonlo Examination 

A typical block diagraa of the ultrasonic examination, straight beam 
method, with use of the pulse echo type equipment is shown iu the 
Fig. 1.1. 

CHT 

Electrlo-
Meohanical 
Energy 
Conversion 

Sound 
Weld 
(Attenuation) 

Flaw 
(Reflection) 

Back Surface - -> 
(Reflection) 

Transducer 
Crystal 

— Couplant 

Test 
—Speoiaen 

U Ultrasonic 
Beam 

Electric 
Poise 
Trans
mitter 

U Amplifier 

High Frequency Coaxial Cable 

Fig. 1.1 Block Diagram of The Ultrasonic Examination 

There are many factors to affect to visible indications on the Cathode 
Ray Tube (CRT) of the ultrasonic equipment in a route from the trans
mission of the poise voltage to the display on the CRT. To achieve re
producible test results, an appropriate accuracy and stability of aquip-
monts, constant capability of transducers, appropriate control of vari
ables during transmission of the sound, skilled operation techniques, 
and reasonable interpretation of the displays etc. shall be required. 
To control the variables mentioned in the above, it is to be noted that 
the Written Procedure Requirements for Standardization are specified 
in the Paragraph T-523 of the Article 5, Section V of ASME 1978 Winter 
Addenda, for achievement of reproducible results as quoted In the 
following! 



T-523 Written Pr :edurr. Requirements 

When required by . £ referencing Code Section, 
ultrasonic examination shall be performed in accord
ance with a written procedure. Each procedure shall 
include at least the following information, as applica
ble. 

(a) weld types and/or materials and configu
rations to be -xamined, including thickness dimen
sions, and product form (casting, forging, plate, 
etc.); 

(b) the surface or surfaces from which the exami
nation shall be performed; 

(c) surface condition; 
(d) couplant; 
(e) technique angled beam, 

contact, and/or immersion); 
(f) angles and mod<s) of wave propagation in the 

material; 
(g) search uni'. type, frequfncy(ies), and transduc

er size(s); 
(h) speci-'A seaich units, wedges, shoes or saddles, 

and type; 
(i) ultrasonic instrument type{s); 
(j) description of calibration; 
(k) direction* and extent of scanning; 
(I) cl.ua '••) he recorded and method of recording 

(manual or mechanized); 
(m) aulorr.j::.. ::!irm and i''cording equipment, or 

both; 
(n) rotating, revolving, or scanning mechanisms. 

F o r t h e s e f a c t o r s , b a s i o p r i n c i p l e s , and p r a c t i c n J knowledges o r back

ground a r e d i scuBsed i n t h e f o l l o w i n g p a r a g r a p h s . 

( F o r t h e u l t r a s o n i c t r a n s d u c e r s , d i s c u s s i o n s a r e made i n t h e Pa r t I I 

f o r Automatic/Remote C o n t r o l Systems of t h e U l t r a s o n i c E x a m i n a t i o n . ) 

I I U l t r a s o n i c Beam and Sound P r e s s u r e 

2 -1 ) U l t r a s o n i c Beam T r a n s m i t t e d by t h e T r a n s d u c e r 

The t r a n s d u c e r ( p r o b e ) i s an assembly c o n s i s t i n g b a s i c a l l y of a 

h o u s i n g , p i e z o e l e c t r i c e l emen t , back ing m a t e r i a l ( d a m p e r ) , wear 

p l a t e o r wedge ( o p t i o n a l ) and e l e c t r i c l e a d s f o r c o n v e r t i n g e l e o t -

r i c a l i m p u l s e s i n t o mechan ica l ene rgy and v i c e v e r s a . The p i e z o 

e l e c t r i c m a t e r i a l s pjr*e t h e s u b s t a n c e s hav ing c h a r a c t e r i s t i c t o 

g e n e r a t e e l e c t r i c a l c h a r g e s vhen s u b j e c t e d t o m e c h a n i c a l v i b r a 

t i o n s , and c o n v e r s e l y t o g e n e r a t e mechanica l v i b r a t i o n s vhen s u b 

j e c t e d t o e l e c t r i c a l p u l a e s . 

http://cl.ua


Tne ultrasonic waves as being the mechanical vibration transmitt
ed by the transducer propagate in a material in a. form of bean in 
which particles of the material are vibrating and ^he area is 
called the "Sound Field". By this words, existence of the ultra
sonic waves and also distribution of the sound intensity in the 
beam are expressed. Our main concern is the distribution of the 
sound intensity in the beam not only of the transmitted field, but 
also of the sound field of the ultrasonio waves reflected at re
flectors in the material (flaws, and bottom surface etc.) to pro
duce signal amplitude on tha CBT. There are several vibratioi 
modes transmitted in the material, longitudinal waves, shear waves, 
Raleigh waves (surface waves) and Lamb waves. 

a) Beam Spread 
As an example, the sound field generated by a oircular trans
ducer is schematically shown in Pig. 2.1 (a), in a visible man
ner, for a longitudinal section of the beam inoluding the beam 
axis. This picture is called the "Schrieren Photograph" 
{.bowing sound field transmitting in water. 

Angle of Beam Spread do 

Visible Sound Field in 
Water by Sohrieren 
Method 

"Bear Fiela" Far Field 

Fig. 2.1 (a) Sound Field Produced by Transducer 

1 6 6 V 6 201..r..V-!5-1.4(dB) 
1. bb 

1,-135 1.6i„ , 
j .Nl. 

2*o 

100 200 
Distance from Transducer * (-») 

Fig. 2.1 (b) Sound Pressure in Water Produced by a 
Transducer (2Q20N) 

300 



In the above Fig. 2.1 (a), parte in white are showing areas 
of higher intensity of the sound and portions in dark are the 
areas of weak intensity or background of no Bound transmitted. 
The highest intensity can be found at a part of very white on 
the beam axis, away from the transducer after a particular dis
tance. Tnis area is called "Main Beam" which forms a cone with 
it'a own extremity point existing at a center of the transducer 
face and gradually spread according to the travelling distance. 
The phenomenon of spreading of the beam according to the dis
tance is named "Directional Characteristic" of the ultrasonic 
waves. In this connection, an angle between the beam axis and 
the ridge of the cone is named the "Angle of the Beam Spread", 
which is given by the following equation: 

6o = sin - 1 1.22 ̂  (2.l) 

? 70 3 = 70 ̂ p (degree) 

where, Co * Angle of the beam spread 
A. : Wave length 
I) t Active diameter of the transducer 

C J Sound velocity in the test object 
•f t Sound wave frequency (Hz = l/Sec.) 

Prom the above equation, it is noted that larger diameter of 
the transducer and higher frequency, smaller angle of the beam 
spread, that is, sharper directional characteristics. 

b) Near Zone and Par Zone 

In the Fig. 2.1 (a), it iB found that the sound intensity ia 
not always the highest on the beam axis, "out stronger areas 
and weaker areas are alternatively located in a transverse 
eer-.tions or longitudinal sections of the beam up to a parties -
lor distance which is called the "Near Zone" or "Presnel Zone". 
After the Near Zone, the sound intensity is gradually weakened 
by the beam opread in accordance with tv.e travelling diotance. 



The sound propagate in the coae shaped beam as 11' it is emitted 
from a center of the transducer according to rules of spherical 
waves. This area is called the "Far Zone". The sound inten
sity on the beam axis becomes to the ma-rlmim at several point 
in the Near Zone, aa shown in the Fig. 2.1 (b), and the last 
peaking point is the boundary between the Near Zone and the Far 
Zone and called the "Maximum Distance of the Near Zone", expres
sed by Xo in this text. TheXc la given as a function of the 
diameter of the transducer, D, and the wave length, X , in the 
following equations 

X * = 
D2 
AX 

D2£ 
= AC (2.2) 

By this equation, it is understood that larger diameter and 
higher frequency of the transducer, longer the maTlmnn distance 
of the Near Zone. The X " is advantageously used as a para
meter to express the beam path distance, as a function of the 
diameter and frequency of the transducer. (This will be dis
cussed in the Paragraph 4«5 for DCS Diagram.) 
For examples, the outlines of the sound beam are schematically 
shown in the Fig. 2.2, based on the results calculated by the 
equations (2.1) and (2.2) for transducers, 5Q20N (five MHz, 
Quartz, 20am in dia. normal beam), 2Q20H (two MHz, Quartz, 20mm 
in dia. normal beam), and 2Q3QN (two MHz, Quartz, 50mm in dia. 
normal beam). 

5 Q20N 

Distance from i™: 
Transducer 

(Sound Velocity 
in Steel' f:i -SAMWS) 

Fig. 2.2 Bcua Spread 



(ExerciB© 2.1.) 
Obtain the angle of the beam spread in a sound field in steel 
emitted by a transducer, (2.25 MHa» 25.4mm (in dia..), Quarts, 
straight beaa). The sound velocity in Bteel is 5,5»00 a/seo. 
(235,000 in/BBO«)' 

(Answer) 7.2° 

(Exercise 2.2) 
Obtain the raaTJ mum distance of the Bear Zone of the sound 
f i e l d transmitted into s t ee l by a transducer, (2 .25 M3*» 25 .4 
mm ( i n d i a . ) , Quartz, normal beam). The sound ve loc i ty in 
s t ee l i s 5,900 m/sec. (233,000 i n / s e c ) . 

(Aiswer) Xo » 6l.5mn (2.41") 

c) Sound Pressure on the Beam Axis 

The sound intensity on the beaa axis is variable according to 
the beaa path distance as shown, for example, in the Fig. 2.1 
(b), where the sound intensity is expressed by the Bound pres-
sux'S rating Px/Po. The Px is the sound pressure at a point 
in a distance of OC on the beam axis and the Po is the average 
sound prasBure in front of the transducer (or main bang). It 
can be Been in the Fig. 2.1 (b) that the maximum sound pressure 
in the Near Field is twice of the Po. Note that the beam path 
distance shown in the Fig. 2.1 (a) and (b) is corresponded each 
other. To explain the abovamentioned phenomenon, it is gene
rally understood that numerous points on the crystal face emit 
spherical waves at one time, and these waves are differenolated 
wave phase at a particular point in the beaa according to the 
distance, strengthening or weakening each other by resonance. 
At each distance at which the phase difference is equal to a 
half of the wave length ( A / ^ ) or its multiplier (#-*/?) bet
ween the waves transmitted from the center and the edge of the 
crystal, the sound pressure becomes to the maximum. A point of 
the last maximum Bound pressure locates at a place equal to the 
Baxiima distance of the Near Field. 



The sound pressure on the beam axis at a distance, X., from the 
transducer face is given by the following equations 

Px = 2Po sin ( TIP
2 

8A.X ) = 2Po sin ( 2AX ) 

= 2Posin(_-) 

(2.5) 

Where, T?x 

Po 
D 
X 
s 
Xo 

The sound pressure on the beaa axis 
at a distance X from the transducer 
Average sound pressure at main bang 
Active dlauiter of the crjstal area 
Wave lengtii 
Active crystal area 
The msTlanm distance of the Hear Field 

In the Fig. 2.1 (b), the continuous lines are shoving the 
pressure ratio of Px/Po calculated from the equation (2^3). 
Approximation for this equation is available, placing sin A 
(rad.) = A (rad.) in the Far Zone as follows: 

-.1 c 
Px = PO TED' 4 XX = Po AX = Po it To (2.4) 

The results calculated by the equation (2.4) are shown by a 
broken line in the Fig. 2.1 (b). This approximation is gene
rally applicable for practical purpose at the sound field of 
X ^ 4 X c * It is said from the equation (2.4) that the sound 
pressure on the beam axis is proportional to the diameter of 
the disc transducer and is inversely proportional to the beam 
path distance x . Consequently, the sound intensity on the beam 
axis is simply attenuated according to the beam pach distance in 
the Far Zone. This is called the "Attenuation by the Beam 
Spread", (* TheX> 1.6xu or x> 2Xo may be used for the approxi
mation.) 

d) Distribution of the Sound Intensity in the Beaa 

Distributions of the sound intensity on the beam axis were dis
cussed in the foregoing paragraphs. 



The sound proBoure at a point deviated f-L-ois tud ucaa 6X10 uy 

an angle 6 in the Par Zone can be given by a formula as follows; 

D (6) = 2J. (™)/m 

whera, D (G) I D i rec t iona l coeff ic ient of t h e d i sc 
t ransducer 

Ji (m) t BesBel function 
27t.a. 

m : 

OL * 

m >- s i n 6 
Radius of the d i sc t ransducer 

Wave length 
: Angle deviated from the beam axle 

! -
y& _. 

_>* 
> Beam Axis 

Transducer 
y . - — 
/ 

Ul t rasonic Beam 

F i g . 2.> Souud Pressure a t a point deviated 
from the Beana Ails 

The c a l c u l a t i o n by the formula (2 .5) '• - « ; - .Explicated tha t 
the reBul te a re shown i n t h e Fig. 2.4 (a) --^J ••••)•• 
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the beam axis (zero angle), and quickly weaken when deviated 
frca the beaa axis, becoming to zero at the Angle of Beam 
Spread, 60. 

Ill Tranam.'saion and Reflection at The Interface of Materials 

Where an interface between two different materials is existed dn the 
path of the ultrasonic waves, the waves will partly reflect at the in
terface and partly pass through it. The interface is the physical 
boundary between two adjacent material, for example, contact surface 
of the test material placing the probe, material surface in the water 
where iomersica method is employed.; surfaces of discontinuities or 
flaws in the material and so on. 

5-1) Reflection and Transmission when the Sound impinges Perpendicu
larly the Interface 

An aspect of transmission and reflection of the ultrasonic waves 
by water column coupling method applying to a steel plate, 25mm 
in thickness, is shown in Fig. J.l. 
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(b) Signal Amplitude 

fig. 3.1 Transmission and Reflection in 
the Water Column Method 



When the sound transmitted in the water impinges the plate 
surface, a portion of the sound waves reflects at the plate 
surface, travels back in the water to the transducer, and is 
received to produce the surface echo signal, Si, on the CHI 
as Bhown in the Pig. 2.3 (b). 
Another portion of the waves passes through the steel surface, 
transmits in the steel to the back surface and reflects there. 
The sound may totally reflect at the back surface where air is 
in contact with the surface. The sound transmitting in the 
steel will be partly transmitted and partly reflected again at 
the top surface of the Bteel p3 ate. The transmitted sound is 
received, and preaent the back raflection, signal, Bi, as shown 
in the Fig. 2.3 (b). 
In the above example to examine the plate, 25mm (l n) in thick
ness, the water distance is 19mm (?/4 H). Vhere the ultrasonic 
wave velocities are 5,900 m/s (233,000 in/sec.) in steel and 
1,480 m/s (58,300 in/sec.) in water, the beam path distance in 
the water, Wsi , 1B indicated on the CfiT to be equivalent to a 
distance in Bteel, 76mm (3 M) as given in the following calcu
lation: 

«- - ( £ £ I S ! ? £ 55$ * <•"*>* *—•> 
= f ; % a V l 0 6 * 19 = 75.7nm (3 i n . ) i n s t e e l 

The beam path distance, ¥ Bi , for the f i r s t back re f l ec t ion d i s 

played on the CB5P i s given as follows s 

V B | = Ws, + 25mm « 76 + 25 = 101mm (4 i n . ) 

By the similar process, the beam path distance of the multiple 

back re f l ec t ions displayed 00 the CHI are WS 2= 126mm (5 i n . ) , 

W63 = 151mra (6 i n . ) and so on. 



It is understood from the aboveaentioned that the second surface 
reflection, Si, may be overlapped with the first back reflection 
when the water distance is equal to or less than 6.500 (1/4 in.) 
which IB equivalent to 25.4am (l in.) in steel, in other words, 
the water distance shall always be more than one forth of the 
steel plate thickness to produce the flaw indication or the first 
back reflection clear of the second surface reflection where the 
immersion method is applied. 

3-2) Reflection and ^Transmission when the Sound transmits to the 
Interface in Angle Projection 

When the ultrasonic waves transmitted in the Material I impinge 
a planer interface, at an angle not norwai„ of which acoustically 
coupled with the Material II, a portion of the waves reflects 
back to the Material I and another portion of the waves transmits 
into Material II. In such case, an angle between the direction 
of the .incident wave and the normal at the point of incidence is 
called "Angle of Incidence" as shown by 6̂  in the Fig. 3.2. 

Angle of 
Reflection 
(Sound 
Velocity Cr) 

Material I 

Angle of 
Incidence 
(Sound 
Velocity C:) 

Material II Interface between 
I and II 

Angle of 
Refraction 

(Sound 
Velocity Ct) 

Pig. 5.2 Slanted Incidence, 
Reflection and Refraction 

The angle oT reflection, Or, and the angle of refraction, 6*, 
are similarly defined as shown in the Fig. 3.2. 
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of sound velocities as shown by the equation (3.1). 

Snell's Lav: 
Bin Qi 
Ci 

where, 01 : 
C r » 

sin 6r _ sin 6t (3.1) 

Sound velocity of the incident waves 
Sound velocity of the reflected waves 

C t J Sound velocity of transmitted waves 

The angle of rejection, 0 r, is equal to the angle of incidence, 
&it due to the fact that the sound travels in the same material, 
where the vave mode is not converted. 
In some occasion, the node of the incident waves is converted 
to the other mode when the reflection is occurred, longitudinal 
waves c^t shear waves. In such case, propagation of the sounds 
still coaplys with the Snell's Law even the vibration mode is 
converted. 

(Exerc. 3e 3«l) 
Vhen longitudinal waves transmitted in an acrylic plastic 
wedge impinge the steel surface through couplaat to an angle 
of refraction of 6t = 45 In shear waves, as shown in the Fig. 
5.5. Obtain the wedge angle, 6'*- . Sound velocities are C; = 
27>0 m/sec (107,480 in/sec) for longitudinal waves in the 
acrylic plastic and 0^ = 3230 m/eeo (127,165 in/sec) for shear 
waves in st^el. 

Acrylic 
Wedge Crystal 

Wedge Angle 

/ Shear Wave 

*"lg. 3*3 Incident Angle and Refraction Angle 
when Acrylic Wedge is used 



(Answer) 6i= JfrF 56 .3 ' 

(Exercise J.?) 
With use of a straight beam transducer, a s t ee l specimen i s 
examined by the water column coupling method. The longi
tudinal waves i s required to t imsmit to the s t e e l . Obtain 
the proper angle of incidence from the water to the s t e e l . 

(Answer) 6A < 14*5° 
The shear wave only can be transmitted into s t e e l when the 
angle of refraction of the longitudinal waves in the s t ee l 
i s equal to 90 • 

e; = s in-* ( fL i s in 90°) ^ s in '1 ( ^ f ) = 14-5 

Consequently, where 0;. ̂  14-5°, the longitudinal waves do not 
transmit into steel. 

Jiong Wave 

/ Water 
Steel 

S Shear Wave 

Fig. 3.4 Angle Beam Method for Water Column 

In this case, ttu angle of incidence, Qi =14*5 , is called a 
"Critical Angle" of the longitudinal waves at an interface from 
water to steel. 



On the other hand, the critical angle of the shear waves 
transmitting in the ste«l is obtained aa follows: 

6; = .in-1 (|iBln 90°) - Bin"* ( ^ ) = 2 7. 5° 

That 1B, the shear waves can not be transmitted into steel if 
the incident angle is equal to or more than 27«3 • This angle 
is the "Critical Anglo* of the shear waves at the interface 
from water to steel. 
AB mentioned in the above, the critical angle is defined to be 
an incident angle beyond which a specific refracted mode of 
vibration is no longer propagated into the second material. 
By an incident angle larger than the critical angle, the sound 
roflectB hundred percent at the boundary. This phenomenon 
is called "Total Reflection". 

IV Signal Amplitude 

4-l) The Back Reflection Signal Amplitude 

At the examination of a plate material, the ultrasonic waves emitted 
by the transducer on the top surface transmit to the plate and re
flect at the back surface, and travel back to the top surface, and, 
at there, are received by the transducer to display the back reflec
tion on the CRT, aa shewn in Fig. 4.1. 

Trans
ducer J 1 

T 

2T ' ' " 

Fig. 4.1 Reflection at Back Surface 



In this case, the sound waves totally reflected at ths bcttcs sur
face propagate in a manner like light reflected at miller face. 
Accordingly, the receiving sound pressure PB is equal to the Bound 
pressure at a point located in a distance twice of the plate thick
ness, as if the sound waves propagate in a original direction with
out reflection at the back surface. The receiving sound pressure, 
PB , is, then, given in the following equation: 

PB= P2r = P o i r f ~ = P °*2AT 

2T ̂  4Xo 

Po 7tX<, 2T (4.1) 

It is noted in the above equation that the receiving sotind pressure 
is inversely proportional to the material thickness T. Because the 
signal amplitude on the CRT is presented to be proportional to the 
receiving sotind pressure, the back reflection amplitude, H , in per
centage of the full screen height is given by the following equation 
(4.2): 

E B = E • P3 = K • Po 71 p 8*T (21 2 4X,) (4.2) 

From the above equation, i t i s noted that the back re f l ec t ion ampli
tude, HB, attenuates the height inversely proportional t o the plate 
thickness, T, as indicated in the Fig. 4*2. 

3 

-3* 0.2 0.3 0.5 0.7 1 
A 

2 3 * 5 7 10 

Pig. 4-2 Distance Amplitude 
Characteristics of 
Back Reflection 

When a plate, T in thickness, is examined, a difference between the 
first and the second back reflection amplitudes is obtained from 
the above Fig. 4.2, and shown by A.V in the Fig. 4.5. 
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Fig . 4 . 3 Attenuat ion of Back 
Ref lec t ion by Beam Spread 

From the above diagram, i t i8 noted t h a t , the difference between 
the f i r s t and t h e second back r e f l e c t i o n s i s l e s s than 1 dB i n a 
raruje of T smaller than ^-° (A^ l ) , and 6 dB for the d is tance over 
4 i ^ ( A > 4 j . Consequently, i t could be sa id tha t t h e back r e f l e c 
t i o n amplitude i8 lowsrsd by 6 dB where t'ne beam path d is tance be
comes twice . This i s ca l l ed tha "Att?r»uation of the Back Reflec
t i o n Amplitude" due to the beam spread. Fcr evaluat ion of the back 
r e f l e c t i o n omplitu^ :, i t can be cor~*-~t*Kl by a r a t i n g 6 dB vh»n the 
beaa path d is tance becomes double. ('i"hi£ wi l l be discussed in the 
Paragraph 4«5«) 

In case of an angle t ransducer being used, a-j through trar.^-.iupion 
method i s used t o measure the wave i n t e n s i t y at vari.^..'/ -1-i'- oe 
a s shown in F ig . 4«4» nn& examples of a t t enua t ion by the t e ^ Hyi^oA 
are shown in the F ig . 4-5« 

5 

i'ig. 4*4 Measurement of the 
Transmitted TUIBS 

Fig. 4.5 Attf-miation by Beam Spread 



4-2) Amplitude of Signal from the Disc Shaped Reflector 
When the sound waves transmitted in the material impinge a disc 
shaped reflector perpendicular to the beam axis in the material, 
and reflect at there, the reflected waves propagate forming a 
sound beam as if it is emitted by an transducer, similar in size 
with the reflector, at the location of ths reflector as shown in 
Fig. 5.1. 

Disc Shaped 
Reflector 

Pig. 4.6 Reflection Sound. Beam Produced by Disc 
Shaped Reflector 

Consaquently, the sound pressure along the reflected beam axis is 
given by the equation, similar to the equation (2.4)» as shown in 
the following: 

PF = 7L& 2P*.siu ( f x £ ) = 2Px.sin ( 

.2 
2 XX ) 

4AX = Be. SF 
AX 

(4.3) 

(4-4) 

where, PF : The receiving sound pressure reflected at 
the disc shaped reflector 

P* i The sound pressure impinged and reflected 
at the reflector 

DF J Diameter of the disc shaped reflector 
~K l Wave length 
X- l Distance between the transducer and the 

reflector 
SF : Area of the reflector 
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From the equations (2 .4 ) and (4-4)» the receiving sound preasure , 
P F , i s , then, expressed by the equation ( 4 . 5 ) . 

„ r . l )2 T ip ; S » S>: , v 

From the above equation, the receiving sound preseure is propor
tional to the area of the reflector and inversely proportional 
to the square of the distance. 
Because of the amplitude of the signal being proportional to the 
receiving sound pressure, :he amplitude of the signal, HF , is 
given by the following equation (4«7)« 

Hp = K . P F = K • PO • l 6 ; : . r a (4.7) 

From the above equation, it i'3 rr>_d that the amplitude of dia-
continuity indication is loweri-i by a lengthened beam path dis
tance Inversely proportional to the square of t -•.•» beam path dis
tance, x • This is also oaid the "Attenuation by the Vjan spread" 
for the discontinuity indication. (This will be discuss-: again 
in the Paragraph 4*5 for DGS Diagram.) 

4-3) Critical Diameter of the Disc Shaped Reflector 
Where the ultrasonic waves transmit to a disc shaped reflector 
larger than the size of sound beam, it is generally said that the 
reflection occurres in a manner similar to the reflection at an 
infinite plane and the amplitude of the indication is governed by 
the foregoing equation (4.2). On the other hand, the amplitude 
of the signal from the reflector smaller than the beam spread is 
fiven by the equation (4.7)* Consequently, there is a particular 
size of the reflector as a boundary condition by which both ampli
tudes given by the equations (4*2) and (4.7) are equal: that is, 
H f = H B and T = X . 



Then, 
*?lfD? 

Hr L. T O • i6;ex- 71 D = 

HB K •Po • ^D' 2 A X 

r 
V 

8 A T 

DF 
r 

V 7C 

= 1 

(4.8) 

The Vf in tL# above is called the critical diameter of the disc 
shaped reflector, J>crf due to a fact that the amplitude of the 
signal from the disc shaped rexlector larger than the eritioal 
diameter is to be similar to the amplitude of the signal frcm 
the reflector of the critical diameter and no more higher ampli
tude exists. In other words, a reflector larger that* the criti
cal size can not be evaluated the size by means of measurement of 
a vertical height of the received signal. 

4-4) Dis-anoe Amplitude Correction 
As being discussed in the foregoing paragraphs, the signal ampli
tude attenuates by the beam spread and is lowered by the lengthen
ed distance in the Far Zone. On the other hand, the amplitude 
varies higher or lower according to the distance in the Near Zone. 
Consequently, evaluation of the indication height should be carried 
out correcting the vertical height of the indication to correspond 
the "Distance Amplitude Characteristics". 
For example, the distance amplitude correction systes is specified 
in the requirements of Article 23, SA-609, Standard and Specifi
cation for Longitudinal Beam Ultrasonic Inspection of Carbon and 
Low-Alloy Steel Castings, Section V, ASMS, 1978 Winter Addenda as 
quoted in the following: 

i IJ _ 

Hark of Peaked 
Indication 

ABL(SAC) 

Beference Blocks / •'- '• •* s' /• 7 8 9 /o 
Fig. 4.7 An Example of ARL 
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<? ; ^ 
7 . Procedure 

7.1 Adjust the instrument controls la posi
tion the first back reflection for the thickness 
to be tested to at least one half of the distance 
across the cathode ray tube. 

7.2 Using the set of reference block* 
spanning the thickness of casting being in

spected, mark the flat-bottom hole indication 
height for each of the applicable blocks on the 
cathode-ray tube shield. Draw a curve through 
these marks. The maximum signal amplitude 
for the test blocks used shall peak at approxi
mately V« of screen height, above the sweep by 
use of the attenuator. For inspection of cast
ing walls greater Jhart IS in. in thickness ex
tend the curve from the 10-in. block indica
tion hrighl to the maximum test thickness 
block indication height. This curve shall be 
referred to as the-100 percent amplitude refer
ence line. (ARL). Draw the acceptance quality 
level reference line on the screen based on the 
above calibration procedure. 

TABLE 1 DiiwemMM 

Hole Metal 
Dumctcr Distance 

in '/•.thi in. (fl>. '«. ' 
16 1 
16 2 
16 J 
16 • 
16 10 
16 V B 

N o n I —Opposite endi of reference block shall be Dal 
•nd parallel oiihin O.OOI in. 

Nor* 2— Bottom of flat-bottom hole lhall be n i l oiihia 
0.002 in. and fiiitthed diameter shall be V, ± 0002 in. 

N o r t 3—Hol» shall b« straight and perpendicular !o 
entry surface wuhin 0 def. 30 mm and looted within ' / , , 
in. of longitudinal asis. 

N o i f 4—Counter bore shall be ' / i in. diamctrr b) V. in 
deep. 

F1C. I Ultrasonic Standard Reference Block. 

mm* l*mtif\nti—oi Rrfeeeitce Blocks!* the Ba«i«Sef (See F » 1) 

Over-All Width or 
Length Diameter 
( O . in. ID), mm. in. 

IV. 2 
2V_ 2 
• > ' / , 2 
67 . J 
10'/, 4 
B + n J. 

Block Iden
tification 
Number 

164)100 
164200 
16-0300 
164600 
I6-I0OO 
I6-B0O* 

"Tolerance ± ' / t in. 
* Additional supplemental blocks Tor testing thicknesses greater thao 10 in., we 3 3.3. 

4-5) DGS Diagram 
On the assumption that the average sound pressure, Po, at main 
bang (just in front of the transducer) is received and displayed 
the back reflection on the CH3?, the amplitude is expressed by 
H B 0 . PTO» the equation (4*2), a ratio HB/teBo is given by the 
following equation (4«9)« 

Is. 
H B 0 

where, 4AT/D 2= 

K« PB 
K. Po 
T 

KB" 
8AT 

-r D 

2^-T 
2L 
2A - TZ (4.9) 

A, Diameter of the transducer 



Where a discontinuity indication, H P , i s produced on the CRT from 
a disc shaped reflector, Df in diameter, perpendicular to the beam 
axis , a rat io Ef/Hw i s obtained from the equatiox (4*7) t o a form 
of the equation (4*9) &B follows: 

S L i K * P F I 7 6 l f ] ^ 
Eeo = I K • Po \ = 16 7i2Xz (4.10) 

Where, parameters, 4AX/DT=^-= A, D F / D = G and 20 i O f f i o C ^ ) * ^ 
are put in the equation (4«10), i t i s rewritten as follows: 

£ - <2P>* » l ^ o ( ^ ) * . T f (4.11) 

With use of these parameters Vf , G and 1, a diagram is obtained to 
give correlations between Distance, Gain and Size of reflectors aa 
shown in the Fig. 5.2. (The calculation results can be used for 
a zone A. <L 4 in the diagram, and for the Hear Zone of A < 4X», nu
merical integration by computer axe necessary to complete the diagram*) 

0.2 0.1 0.50.7 1 2 3 4 5 1 10 20 30 50 70 100 

Fig. 4*8 DCS Diagram (by K. Kimura) 

A.3L Distance Scale : 
Gain Scale : VF= 20 log 1 0 He. Df Size of Disc Shaped Befleotor : G » -r-



(Exercise 4«l) 
The instrument sensitivity was calibrated with use of reference 
block, having a flat bottomed hole, 4mm In dia., at a distance, 
150na, with use of the transducer; 5 MHz, Quartz, 20am in dia., 
normal probe. A test specimen is examined by the same sensi
tivity and detected a flaw echo at a distance 200sa& with a 
signal height, -12 dB lower than the reference signal. Obtain 
the flaw size on the assumption of the flaw being a disc shaped 
and perpendicular to the beam axis. 

(Answer) DF = 2.4 m 

(Exercise 4*2) 
A test specimen, 400mo in thickness,was ultrasonically examined, 
and a flaw echo signal was detected at a distance 170mm, with the 
indication amplitude -26 dB lower than the first back reflection. 
The first and the second back reflection were measured and the 
difference of the signal amplitude was found to be -14 dB. 
Obtain the flaw size with use of the EGS Diagram. The trans
ducer used is the longitudinal wave crystal, 5 MHz, 20mm in dia. 

(Answer) DF » 2.6 mm 

(Exercise 4*3) 
A steel plate, 250mm in thickness is examined with use of the 
straight beam transduce'-, 5 MHz, Quartz, 20am in dia. Cali
brate the equipment sensitivity to display a signal amplitude 
from a disc shaped reflector, 4 m in dia. to a height not less 
than 20$ of the full screen height. Use the DG3 Diagram. 

Sound velocity in steels 5*9 x 10^ mm/scc. 

(Ansver) 
i ) Calculate the maximum distance of the Sear Zone of the t r a n s 

ducer. 

X o = 21 = £ L , 202xgxl06 m 8 4 . 7 m n 



ii) Obtain A to correspoint with the bean path distance ^SO™0-

A - Xo 84.7 y ? 

iii) Obtain G to correspond with 4OK, diameter of the disc 
shaped reflector. 

0 - it - & - °-2 

iv) Bead out the Gain, T, on the diagram of the back reflec
tion correspond with the distance A=»2.95« The VB value 
is obtained to be -6 dB. 

v) The detectable reflector is to be 4mm dia* disc shaped 
flaw of which the G value is 0.2, at the maxinraa distance 
A=»2.95. Then, VF value for the diso shaped reflector is 
obtained to be -27.5 dB at a point correspond tc A= 2.95 
and G=»0.2. 

T\'J vht *.';i a fUi'farence between Vf! (back reflection) aud Vr 

(discontinuity reflection). 

AV = VF - VR = -27.5 - (-6) = -21.5 (dB) 

This means that the discontinuity amplitude is to be 
21.5 dB lower than the back reflection amplitude. Accord
ingly, the equipment is to be calibrated the sensitivity 
at first with the back reflection amplitude to 20$ on the 
CRT and then control the gain to elevate 21.5 dB. Now, the 
equipment sensitivity is calibrated to display the amplitude 
from the diso shaped reflector located at 250nm in distance 
to 20$ of the full screen height. 

4-6) Amplitudes of Signals from He fleeter* in Various ->r *pes, 3iz?a 
and Distances 
The "Relative Amplitudes" of indications frora aji as &>-?.pfis vari
able in size are shown in Fig. 4-9* 



Size of Reflector (on) 
A3 as

sise Shaped Reflector 

—0 
Long CyHnd-rical Eeflector 

(variable diameter) 
^^j-Short Cylindrical Eeflector 
^T_. (variable length) 

• • - -a . 
Spherical fieflector 

— o •' 

Fig. 4.9 Theoretical and Experimental Besults (in water) 
on Relative Amplitude from Various Size Reflectors 
in Various Shapes in a distance x» 400mm 

(T. Sends, and S. Hirose) 

In the above Fig. 4.9, the relative amplitude of indication is 
defined as a ratio of ^tyrt&^vk) » 

where, Hf 1 
HB(XO/I) 1 

AnspLItude of signal from reflector 
Amplitude of signal from the first back 
reflection located in a distance of ̂ /i. 
(The referenced back surface is a hypo
thetical plane for theoretical treatment 
and experimentally con -Tied.) 

Distance Amplitude Characteristics of various shaped refleotors, 
5mm in diameter, are shown with results obtained from theoretical 
calculation and experimental measurements in water, in the Fig. 
4.10. 



Distance A (*A») 
0.3 0.5 i 2 3 5 (O 20 

Disc Shaped Refleotor 
(DP 2 Vcr) 

Disc Shaped Befleotor 
0* = 5 •») 

Cylindrical Reflector 
(* = 5 «) 

Spheri'-vL Reflector 
(Dp = 5 ••) 

Fig. 4.10 Distance-Amplitude Characteristics (T. Senda and S. Hlrose) 

It should be noted that the distance amplitude characteristics 
are considerably 'ilfferent by the shapes of the reflector. It 
means that accurate Interpretation of the amplitude of the signal 
Is very difficult to estimate the reflector size due to variables 
caused by the target reflectivity. Approximation with use of disc 
shaped refleotor, cylindrical reflector or grooved notches are 
only Involved fir the standard reflectors to be coapared with the 
amplitude of discontinuity Indications. 

v Energy Loss Daring transmission 

3-1) Attenuation by Scattering and Attenuation Coefficient 
a) Mtsnuation by the Scattering 

The Intensity of the ultrasonic waves are attenuated during trav
elling by scattering due to reflection or refraction at the grain 
boundaries in the test material; coarser grains, more attenuation. 
Generally speaking, as forged material, castings, and welded parts 
by eleotroslag welding etc. are of coarse grained materials. 
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Quench - Temper or normalizing axe very effective to produce 
fine grained structure of steels. In some occasions, measure
ment of degree of attenuation by scattering is used to evaluate 
the steel forgings or the steel castings being properly heat 
treated. Heavy steel plate has generally more coarser siae of 
grains than the light gauge steel plate* Austanitic Btainlass 
eteeis have very coarse grain size and gives much attenuation 
by scattering. The heat treatment is net effective to graia 
refinsnant of th.*> auctsnitxo stainless steel. The weldaents of 
the austenitic steel have course grained dendritic (column like) 
•tractuTQ giving higher degrwe of attanuation and hash (noise) 
oj '.Uittei'iug, and ordinary method of the uitrasaaic examination 
ie a1. ,.,at not applicable to • i velcod part oi the auatenitic 
stai V"' .t<!<sls. (improvements for examination techniques are 
investigating oy many investigators with me of focusing probes 
or longitudinal angle baaa method.) 
An aepwet of atta.i.«at.lon of muiti, . e tacit .r. pI:;cti r< amplitude 
is qualitatively si. i t";<j £'«.. : .1. 

00 
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) r 10 ; 0 " j 

00 

F \-v 4-hs 
; 
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At'isr.oa-
tios. by 
Scattering 

(a) Less Attenuation (b) Much Attenuation 

Pig. 5.1 Attenuation of the Multiple Back 
Reflection by Scattering 

When a plate material is examined, the difference, A H (dB), bet
ween the first back reflection amplitude, Hai (dB), and the second 
back reflection amplituae, Hta(dB), consists with the attenuations 
by the beam spread and scattering, where the contact surface is an 
uniform condition on the entire surface. 

-^H =t | Hm -Eei\ » AEjy. + AHs (5.1) 
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F ig . 3.2 Attenuation by Bear -Spread and Sca t te r ing 

b) Coefficient of Attenuation by Sca t te r ing 
The amplitude di f ference , £>H (dB), between the mult iple back 
r e f l ec t i ons can be read out on the equipment gain (or a t t enu 
a t o r ) . The a t tenua t ion difference, AHw (dB), by the beaa 
spread i s poss ib le to obtain from the DGS Diagram. Accordingly, 
the a t tenuat ion difference, AHs(dB), by the s ca t t e r i ng ia ex
pressed as followss 

(5.2) AHs A H - ^He<i 

The attenuation by scattering occurred in a unit traveling dis
tance (mm or in.) is called the "Attenuation Coefficient" and 
expressed by c/- (dB/nm) as follows: 

of = c,Es 
2T 

AH- ̂ HB; 
2T (dB/aa) (5.3) 

whero, the T is the thickness of the specimen. 

(Exercise 5.1) 
The first and second back reflections on a steel plate, 40mm in 
thickness were measured to be HBI = 25 dB and Hm = 29 dB (gain 
type instrument), with use of the straight beam transducer, 5 
MHz, 20mm in dia. Obtain the attenuation coefficient by scatter
ing of this plate. (Use the DGS Diagraa or Pig. 4.3. The sound 
velocity in steel is 5.9 x 10 mrn/s.) 



(Answer) 
The muTlmtia distance of the Near Field, X0 , la calculated as 
follows: 

j !£_ 2Q2X5XM)6 _ ftA 7 _ 

A». - f f c 7 - o-47 
From the Pig. 4.3,AHBS ie obtained to be about 0.5 dB at a 
dletanoa Aw - 0.47* 

A m 1% - H j -4HBS , | f f i - ^ 1 ^ 0 ^ . 0 . 0 4 4 ^ 

(Exercise 5.2) 
A steel plate, 100am In thickness was examined by a transducer, 
2 MHs, 20ns. in dla. longitudinal vave, and the first and second 
back reflections were obtained to be B»i • 25 d5, and Has. a 16 dB 
(attenuator type). Obtain the attenuation coefficient by 
scattering of this material. Use the Pig. 4.3. The sound 
velocity In steel is 5.9 x 10*> mm. 

(Answer) 

X o m 4C 4x5.9xlO«> • ^ 

T - 100 on - ^ X o " 2.94Xo 

Prom the Tig. 4*3* A Ess - 5*5 dB 

A m ( H s , - H | , ) - A H s . , f ^ - f f ^ ^ - 0.018 dB/m. 

Where the heavy material i s examined, the difference of the 
f irst and second back reflection amplitudes, A EBS , i s always 
to be 6 dB due to a fact that the sound pressure Px i s propor
tional to the beam path distance, where T £ 4X«, as oan be seen 
in the Fig. 4.3. Consequently, the equation (5*3) nay be In
dicated as followst 

OC . A H ^ 6 d B dB/mrn (T > 4Xo) (5.4) 



Where, the A H is the difference between the first and second 
back reflection amplitude, and the T is the thickness of the 
material. 
The equation (5.4) is practically used to obtain the attenua
tion coefficient by scattering on heavy materials. 

5-2) Transmission Loss at the Contact Surface 

a) Transmission Loss due to Couplant Thickness and Surface Roughness 
When a transducer is placed on a very smooth surface of «he 
specimen with use of couplant, the amplitude of signal from the 
back surface is variable depending on the thickness of the 
couplant. A typical example is shown in the Pig. 5.3. 

.25Q29N 

.,. . . H 2 1 Ml* 
in oi o73 in ox 

PL-3 
USF-5B 

:.6 0.7 

Thickness of Couplant (Oil) 
Pig. 5«3 Thickness of the Couplant and 

Signal Amplitude 

It Is noted in the above Fig. 5.3 that the signal amplitude 
will be lowered by about 25 dB, in comparison with the highest 
amplitude, when the oil film thickness is about 0.1mm. It is 
understood that a force pressing down the transducer shall be 
adequate to maintain stable signal height. Skills axe required 
to operate the transducer and qualification shall be required. 
The contact surface shall be as smooth as possible and uniform 
on entire surface to be examined. Some experimental results 
to obtain correlations between surface roughness, signal ampli
tude and type of couplant are shown in the Fig. 5.4. 
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Glycerine (50 $) 
Water Solution 

Glycerine (25 i>) 
Vater Solution 

Water 
Motor Oil 

Pig. 5.4 Surface Boughnesa, Type of Couplant 
and Signal Amplitude 

From the Pig. 5.4, it may be generally said that contact sur
face roughness shall be preferably less than 25 ua (985 11 in.) 
and is possibly less than 50 nm (1970 n in.) even if the refer
ence block is used. 
ASMB Specified in the Paragraph T-543.1.5 in Artiole 5 of 
Section 7 that the finish on the block shall be representative 
of the surface finishes on the components. 
Where the surface condition of the specimen is not similar to 
the Standard Test Block, working sensitivity or evaluation of 
the signal ampllt-ie shall be compensated to eliminate the 
effect of surface roughness by a transfer method as described 
in the Paragraph 5.2.C. 
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o) fraoofw Looo oi » Curiod Star*000 
Uhoro tbo contact oorfaeo ku earvotwo, tbo «l*k foooft tranft-
daeor etm not to fully ooatootoa with tho tort •arfooo, b«k 
looaliMd eostoet otoa i f ttao ooopUst io wood. CoaooojMBitly, 
tho off octi*o ore* of ttao tranotaeox io roftoooft. 
for oxosplo, ASW otipolntoi for too cortod oorfooo to 
voldo oo follows 

Section Y, Articlo 4 
|-134J Bask CaKsratinn Block CiMttigurJtitm. 

Figure T-434.1 shows Mock configuration with hole : 

jjer and location. Each weld thickness on the 
component must be represented by a Muck having a 
thickness relative to the component weld as shown in ! 
ftg T-434.1. Where the block thickness ± I in. (±25 
n»mt spans two of the weld thickness ranges shown in 
Fit T-434.1. the block's use shall be acceptable in 
those portions of each thickness range covered by I 
(h 125 mm). The holes shall be in accordance with the 
thickness of the Hock. Where two or more base 
material thickne .» are involved, the calibration 
Mock thickness is determined from the average 
thickness of the weld. 

T-434J.1 Welds in Materials With Diameters 
Greater Than 20 in. (508 mm). For examination of 
Ufcltb in materials where the diameter is greater than 
20 m. (508 mm), a block of essentially the same 
curvature, or. alternately, a flat basic calibration 
block, shall be used. 

T-434 J.2 Welds in Material With Diameters 20 
in. (SOS mm) and Less. The basic calibration block 
.Shall be curved for welds in materials with diameters 
20 in. (308 mm) and less. A single curved basic 
calibration block may. be used to calibrate the 
examination on surfaces in the range of curvature 
from 0.9 to 1.5 times the basic calibration block 
<fr*meier. For example, an 8 in. (203 mm) diameter 
curved block may be used to calibrate the esaroina-
tfen on surfaces in the range of curvature from 7.2 to 
12 in. (183 to 305 mm) diameter. The curvature range 
from 0.94 to 20 in. (24 to 508 mm) diameter requires 
SIX block curvatures as indicated in Fig. T-434,2 for 
any thickness range as indicated in Fig. T-434.1. 

J-441.2 Surface Preparation. I'hc cxaniinalion 
surface* shall be free of irregularities. lOOJc foreign 
matter, or coatings which interfere with ur/r#son|c 
wave transmission. 
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T-4-U12-T-434.2.2 SECTION V - NONDESTRUCTIVE EXAMINATION 

lonq i/;l 10 ill .11 D.A Fl .n f n.i 
Mill Nolcnes 2 > T 0»>-|i 

Througn Clad T '•cai'iess 
se Mei a i 

Watd T h i c k n — ft; 
Over 2 in thru 4 m 
Over 4 in. thru 6 in. 
Over 6 in. thru 8 in. 
Over 8 in. thru 10 in. 
Ovar 10 in. thru 12 in. 
Over 12 in. thru 14 in. 
Ovar 14 in. 

Banc Calibration H o i * 
Block Thicknm»(T) Diamet*r * * 

3 in or r 3 /16 m 
5 in or I 1/4 in. 
7 in. or t 5/16 m. 
9 in. of t 3 /8 m. 

11 in or f 7/16 in. 

13 in. or t 1/2 in. 

' M i n i m u m dimensions. 
" F D I each increase in thickness of 2 in or fraction the.r-of, the hole rii.-vneier shall increase I '16 m 
' T h e ioi*rance* lor hoir- diameters shall b* • 1/32 m The tolerances on notch oepih shall b* • 10 anil 

The tolerance on hole location through the t kneis >hall b* • 1,8 
MX 

FIG. T-434.1 BASIC CALIBRATION BLOCK 



T-WMJ-r-441.5 SETTION V - NONDKSTRl 'CTIVF EXAMINAI ION 

Examination Surface 
Diameter, in 

1 Plot examination surface of banc calibration block on diagonal (45 deg.) line. 
2 Dr.iw hon/onta 1 line through that pom? f rom thi» ' , to the 1 ' iim.t hne 
3 fh»- fn d i of this line re*d on the horizontal sea'* qive (he range of examination surface diameters which mav I'? ex.-iminefl 

w h a system calibrated on thu block 
Note Thickness range requirements shall also be satisfied 

FIG. T-434.2 RATIO LIMITS FOR CURVED SURFACES 



Another example to coapensate the transmission IOSB at a curved 
surface is the requirements for Reference Block calibration spe
cified in the Paragraph 7.2.2.2 in SA-J88 Recommended Practice 
for Ultrasonic Testing and Inspection of Heavy Steel Forgings in 
the Article 23, Section 5, ASMS as quoted in the following: 

7.2.2.2 Reference-Black Calibration—The 
surface roughness height rating o P t h e refer
ence blocks and forging to be examined shall 
be reasonably equivalent and shall be defined 
in accordance with A N S I B46.I . Adjust the 
instrument controls to obtain the required 
signal amplitude from the flat-bottom hole in 
the specified reference block. Uti l ize the at
tenuator in order to set up on amplitudes 
larger than the vertical linearity of the instru
ment. In those cases , remove the attenuation 
prior to scanning the forging. 

NOTE 2—When f1at-j„rfaced reference block «W 
ibration is specified, adjust Ihe HIT ililude of indica
tion from the reference block or blocks to compe»-
sate for elimination surface curvature (an exarripfc 
is given in Appendix A!) 

5 § 

J L 
10 ?Q JO O 

DiamHe*. mchts 
70 

NOTE — 1 in - 2i.4 mm. 

FIG. At. Typical Comp«M( Cu/>« fa* F.fTecti of 
Forcing ("tjrrituffc 

A P P E N D I X E S 

At. T Y P I C A L T U N I N G LEVFL C O M P E N S A T I O N FOR THE f T M - X i S 
OF FOHGING CURVATURE 

A 1.1 The curve (Fig. A l ) was determined for 
the following test conditions: 
Material nickelmolybdenum-vanadium alloy 

fleet (A 464. O i u « ) ' 
Injlrumenl Type l!R Refl^ctoicope 
Search unit I'S-in. fi'S.u-mm) diameter quartx 
Frequency 2'A MHl 
Reference block ASTM No 3 0600 (aluminum) 
Reflection area or 0 010 in " (6.5 mm') in niclel-molyl* 

reference curve denum-vanadium ailoy steel 
Surface fim»h 250 p in., ma*. rouahnen 

Al 2 To utilize curve, adjust red ret o v. ipe s:nji-
tivity to obtain indicated ultrasonic response on 
ASTM No. 3-0601 reference block for each diam
eter as shown. A rcspome of I in. (25 4 mm) 
sweep-lo peak '* u , e d for flat surfaces. Use atten
uator to obtain dciired amplitude, but do testing at 
I to . setting 

• ASTM A 469. Specification for Vacuum Trraicd Stcrl 
forging* for Generator Rotor*, which appears in (he An
nual Book of ASTM StondarAt. Part * 

c) Transfer Method 
The ultrasonio vave intensity attenuates losing acoustic 
energy during propagation in material as schematically shown 
in Fig. 5-5. 



Transfer 
Loss 

Reflection Loss 

enuation by 
Beam Spread 

Reflection Loss 

Fig. 5*5 Attenuation during 
Transmission 

The ultrasonic waveB emitted by the transducer lose energy 
partly during transmission through the contact surface, 
attenuate by the bean spread and scattering during travelling 
and weaken by reflection loss at a surfsZQ of a reflector. A 
portion of the waves is also reflected at the front surface and 
not received by the transducer. For acculate evaluation of 
the signal amplitude, the attenuation is to be compensated by 
the corresponded energy loss. 

i) Transfer method where the instrument sensitivity is calib
rated by the back reflection amplitude. 
The energy loss during transmission is valiable by surface 
condition, couplant, and attenuation by scattering and accord
ingly evaluation of the signal amplitude is to be performed 
by transfer method to conpensate the energy loss. For ex
ample, SA-6O9 Standard and Specification for Longitudinal 
Beam Ultrasonio Inspection of Carbon and Low-Alloy Steel Cast
ings, in the Article 23, Section V, ASME Specified in the 
Paragraph 7*3 &a quoted in the following* 



7.3 The casting test surface will normally be 
-_..~u_. .u*,. *u-» -*r »u« #_,. k?«~'.,. ~_ 
quently, employ a transfer mechanism to 
provide compensation. In order to accomplish 
this, first select a region of the casting that 
has parallel walls and a surface condition 
representative of the rest of the casting as 
a transfer point. Next, select the lest block 
whose over-all length, C(Fig . 1), most closely 
matches the casting thickness at the transfer 
point and measure the back reflection ampli
tude through the block length. Place the trans
ducer on the casting at the transfer point and 
adjust the instrument gain until the back re
flection amplitude through the casting 
matches that through the test block. 

q ; ^ 

7.4 Do not ci.in^c •.h.ijc instrument control* 
and the test frcq-ency set during calibration, 
except thi attenuator, during acceptance 
inspection of a given thickness of the casting. 
Make a periodic calibration during the 
inspection by checking the amplitude of re
sponse from the 7«-in. diameter flat-bottom 
hole in the test block utilized for the transfer. 

NOTE 3—The attenuator may be used to change 
the signal amplitude during inspection to permit 
small amplitude signals to be more readily de
tected Signal-evaluation is made by returning the 
attenuator i.> its original setting. 

7.5 During inspection of areas of the casting 
having parallel walls, recheck areas showing 
compter: loss of back reflection to determine 
whether loss of back reflection is due to poor 
contact, insufficient couplant, etc. If the rea
son for loss of back reflection is not evident, 
consider the area questionable and further 
investigate in accordance with 9.3. 

N O T * I—Opposite ends of reference bluck shall be ( In 
tnd parallel within 0.001 in 

Norr 2—Bottom of flai-botion. hole shall b* flu within 
0.002 in. and finished diameter shall be 7, .£ 0.002 in 

N O T I J —Hole shall be straight and perpendicular lo 
entry surface wiihin 0 del. 30 mm and located within 'l,i 
in. of longitudinal atis. 

NOTI 4—Counter bore shall be V, in. diameter by '/• in 
deep. 

F I C I Ultrasonic Standard Rtftrxvcc Block. 

Theoretical discussions for accurate transfar method may he 
given as followst 

When a plate material. T in thickness, is examined and pro
duced the first hack reflection to a given amplitude which 
is a resultant of attenuation by an amount ofoL .2T (dB), 
where the <*- is the scattering attenuation coefficient, 
Where a discontinuity reflection is indicated at a distance 
X ( x < ?) on the same material, the Indication has also lower 
by the amount oL «2T (dB), but the discontinuity reflection 
is to be lower by an amount of cc «2X (dB). Consequently, 
the discontinuity reflection is to be lower by an amount 
2oc (T-X) (dB). 



However, the abovementioned A5k3's requirement for transfer 
method is acceptable as for approximation to be severe side, 
if the scattering attenuation is not remarkable. 
Generally speaking, where the back reflection technique is 
employed for establishment of equipment calibration, the back 
reflection amplitude and the discontinuity reflection ampli
tude are effected by the transfer loss at the contact surface 
with similar amount attenuation and then transfer for the 
transfer loss is not required. 

ii) Transfer method where the reference block calibration is employed. 
The reference block is generally made, of a material acoustically 
equivalent to the test specimen, and the contact surface is to be 
finished to the similar roughness and curvature with the specimen, 
to eliminate different effects of transfer loss at the contact 
surface and attenuation by scattering. Accordingly, the transfer 
method is normally not required. However, surface curvature or 
surface roughness are not always similar between the reference 
block and the specimen because some modification is allowable. 
For example, the transfer method is required in the Paragraph T-
543.3.1 through T-543.3.3 of Article 5, Section V of ASME 1978 
Winter Addenda for Ultrasonic Examination of Welds as quoted in 
the following: 

T-543J.I Materials »ith Diameters Greater than 
20 in. (508 mm). For examinations in materials where 
the examination surface diameter is greater than 20 
in. (508 mm), a blotk of evsentially the same 
curvature, or, alternately a flat basic calibration 
block, shall be used. 

T-543J.2 Materials with Diameters 20 in. (508 I 
DIM), and l>css. The basic calibration block shall be ' 
curved for materials with diameters 20 in. (508 mm) 
and less. Except where otherwise stated in this 
Article, a single curved basic calibration block may 
be used to calibrate the exajrunation on surfaces in 
the range of curvature frorr^O^WTMiing* the basic 
calibration block diameterFor example, an 8 in. 
(203 mm) diameter curved block may be used to 
calibrate the examination on surfaces in the range of 
curvature from 7.2 in. (183 mm) to \2 in. (305 mm) 
diameter. The curvature range from 0.94 in. (24 mm) 
to 20 in. (508 mm) diameter requires 6 block 
curvatures as indicated in Article 4, Fig. T-434.2 for 
any thickness range. 

T-543JJ As an alternate to the requirements in 
T-543.3.1 when examining from the convex surface 
by the straight beam contact technique, Appendix A 
may be used. 



ARTICLE 5 — NONMANDATORY APPENDIX 

APPENDIX A — ALTERNATE CALIBRATION 
BLOCK CONFIGURATION 

Flat basic calibration blocks of various thicknesses 
may also be used to calibrate the examination of 
convex surface materials greater than 29 in. (508 
mm) in diameter. An adjustment of receiver gain 
may be required when flat calibration blocks are 
used. The gam corrections apply to the far field 
portion of the sound beam. 

A-10 DETERMINATION OF GAIN 
CORRECTION 

To determine the required increase in gam. the 
ratio of the material radius, R. to the critical radius of 
the transducer, Rr must be evaluated as follows: 

(a) When the ratio of R.Rr. the radius of curvature 
of the material (R) d ;.iJ«.d by the critical radius of 
the transducer (Rc) from Table A-iO and Fig. A-
10(a), is equal to or greater than 1.0, no gain 
correction is required. 

(b) When the ratio of R/R/is less than 1.0, the gain 
correction must be obtained from Fig. A-10(b). 

(c) Example. Material with a 10 in, (254 mm) 
radius (R) will be examined with a 1 in. (25 mm) 

diameter 2.25 MHz boron carbide faced search unit 
using glycerine as a coutHant. 

(7) Determine the appropriate transducer Fac
tor, F „ from Table A-10; F, = 9 3 

(2) Determine the Rc from Fig. A-10fa); Rc^ 
100 in 

(3) Calculate the R/R^ ratio; 10 in.-'TOO in. = 
0.1. 

(4) Using Fig. A-10(b). obtain the gam increase 
required; 12 JB. 

This gain increase calibrates the examination on 
the curved surface after establ.shing calibration 
sensitivity on a flat calibration blc :L 

TABLE" .'• 10 
TRANSDUCER FACTOR f, f„P; /A/:;C'J5 ULTRASONIC 

TRANSDUCER 0 I A , M E T L R I AUD FREQUENCIES 

Transducer Diameter, in, 
0.25 0.5 0.75 JO 1.125 

Frequency, ' 

1.0 2.58 10 3 23.2 41.3 . 52.3 
2.25 ' 5.81 23.2 52 2 92 9", 118 
5.0 12.9 51.2 116 207 262 

10.0 25.8 103 232 413 523 
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Trjriiducer FjClor ' ] 

Curve Couplanr Transducer Wearface 

A 
B 

C 
D 
F 

Mo'or oil or .vitor 
Motor oil a- A)t«r 
Glycerine or syn ester 
Glycerine or syn rs tn ' 
Motor oil or w i te r 
Glycerine or syn rs'vr 

Alum,' i j r\ Oxide; or Boron r. i r tmlp 
Qu,irt/ 
Alu -i ,, ,,TI Oxide or Boron Ci 'b i r te 
Qu.irT/ 
Plastic 
PUs' i t 

FfG. A-10i.O CRITICAL R A L J I I , ' : ; * FOR TRANSDUCf . " COI.'Pl ANT COMBINATIONS 
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FIG. A-10(b) CORRECTION FACTOR (GAIN) FOR VARIOUS ULTRASONIC EXAMINATION PARAMETERS 



VI Calibration of The Equipment Sensitivity and Acceptance Criteria 

6-l) Disc Shaped Standard Reflector to be Used for Straight Beam 
Method and Acceptance Criteria 

a) The requirements specified in ASME SA-609 1978, for Longitudi
nal Beam Ultrasonic Inspection of Carbon and Low Alloy Steel 
Castings are, as an example, quoted and discussed here. 

ASME: SA-609 1978, Section V, Article 23 
3.3 Reference Blocks: 
3.3.1 Reference blocks containing flat bot

tom holes shall be used to establish test sensi
tivity in accordance with 7.2. 

3.3.2 Reference blocks shall preferably be 
made from cast steels that have a metallurgi
cal structure similar to the castings being in
spected. Other blocks may be used provided 
they are proven to be acoustically equivalent 
to the cast steel blocks. 

33 .3 The design of reference blocks shall 
be in accordance with Fig. 1, and the basic set 
shall consist of those blocks listed in Table I. 
When section thicknesses over 15 ir.. arc to be 
inspected, an additional block of the maxi
mum test thickness shall be made to supple
ment the basic set. 

r^rrii 

N o n I Opposite tndi nf reference block ihall be flji 
and parallel wi th in 0 001 in 

N o l f 2 hol torn of flat bottom hole i h j l l be flat wi thin 
0.002 i" «nd finished d i i r a t ' ; ' shil l be 7 , ± 0 002 in 

N o r i 3 Mole '.hall be u r a i ^ h i j o j perpendicular to 
entry sorface wi th in 0 deg. 30 m m and l u . K r d within ' / , ) 
in of lungttudiri.il a * i t 

N o r r * -Counte r bote ih.dl he ' / , in dt uneter b ) '/# to 
deep 

H O . I I I trav.rnc ' l a n d j rd R e f i r f n r Block. 

3.3.3.1 The hole shall be checked to the 
dimensions shown in Fig. I by use of a mate 
rial capable of replicating the hole contour. 

3.3.3.2 The hole bottom shall be thoroughly 
cleaned, dried, and immediately plugged to 
prevent corrosion. 

3.3.3.3 Fach reference block shall be per
manently identified along the side of the block 
indicating the material and the block identifi
cation number shown in Table I. 

3.4 Couplant—fl*. suitable couplant having 
good get t ing characteristic^ shall be used 

http://lungttudiri.il


TABLt 1 DimnntowanJ IdiMiftnrion of RtfweiM Blockiin ih* BastcSetlSM Fig. )l 

Hale Metal Over-All Width or Block Iden
Dumctcr Distance Length Diameter tification 

in Vi.trn in (S>. m.' (C). i i . ( 0 ) . mm. in. Number 

16 1 IV. 16-0100 
16 2 2 7. 16 0200 
16 3 }'/. 16-0)00 
16 6 fl. 16-0600 
16 10 io v. 16-1000 
16 » B B + V. 16-BO0* 

"Tolerance ± V , in. 
* Additional supplemental blocks for testing thicknesses greater than 10 in., see 3 3.3. 

7. procedure 
7.1 Adjust the instrument controls to posi

tion the first back reflection for the thickness 
to be tested to at least one half of the distance 
across the cathode ray lube. 

7.2 Using the set of reference blocks 
spanning the thickness of casting being in

spected, mark the flat-bottom hole indication 
height for each of the applicable blocks on the 
cathode-ray tube shield. Draw a curve through 
these marks. The maximum signal amplitude 
for the test blocks used ihall pt-ak at approxi
mately V, of screen height above the sweep by 
use of the attenuator. For inspection of cast
ing walls greater ;han 15 in. in th.icVr.ess ex
tend the curve from the 10-in. block indica
tion height to the miiiii i i ; ,- test thickness 
block indication heigh;. This curve shall be 
referred to as the 100 percent amplitude refer 
encc line (ARL). Draw the acceptance quality 
level reference line on the screen based on the 
above calibration procedure. 

By the above specification in the Paragraph 7=2, th. 

percent amplitude reference line (AHL) is dra-wn ty?i. :*j1rj 

shown as follovBs 

7.3 The casting lest surface will normally be 
rougher than that oT the test blocks; conse
quently, employ a transfer mechanism to 
provide compensation. In order to accomplish 
this, first select a region of the casting that 
has parallel walls and a surface condition 
representative of the rest of the casting as 
a transfer point. Next, select the test block 
whose over-all length, C (Fig. I), most closely 
matches the casting thickness a! the transfer 
point and measure the hack reflection ampli
tude through the block length. Place the trans
ducer on the casting at the transfer point and 
adjust the instrument gain until the back re
flection amplitude through the casting 
matches that through the test block 

1(X# 

7556 

ABL 

-I • r -

1 2 3 4 5 6 7 8 9 io» 

F ig . 6.1 100# AHL 

http://th.icVr.ess


The ARL is showing the flaw signal height produced by a disc 
shaped reflector, 16/64" (6.35 ™»)» artificially made in the 
reference block. 
Where the height of the AEL at a beam path distance X is 
shown by Es» it is given from the equation (4-7) as follows* 

E, = S-P £ = K . P o ^ D l 
s ~ *• x w 16A 2X^ 

where, Ps » Sound pressure impinging the standard 
reflector 

Ds : Dianeter of the standard reflector 

When a flaw echo signal is produced at the distance X to the 
height Hp with the same equipment sensitivity, it is also 
given as follows: 

H, = K . P F = K.Po f P ^ r (4.7) 

Then, 

K* Po 7l2V?ti 
16 V I 1 

K- Pc wot 
1 /• U v 2 

Hr * ' W 1 6 A.1!' lL 
H S - r , war Ds 

Accordingly, 

B F = ^||" x D s (4.8) 

From the above equation, a diameter of the discontinuity D F 

is possible to estimate by the amplitude H,:, H-, and B-. 
This relation is also applicable to establish the acceptance 
criteria. 
For the transfer method specified in the said Paragraph 7«3» 
reference is to be made with the Paragraph 5*2 for trans
mission loss at the contact surface, and the Paragraph 5»2 (c) 
for Transfer Method. 



Regarding the abcvsasaticned procedure, the acceptance 
standards of the same specification are quoted as follows: 

9. Acceptance Standard! 
9.1 This specification is intended for appli

cation to castings with a wide variety of sizes, 
shapes, compositions, melting processes, 
foundry practices, and applications. There
fore, it is impractical to specify an ultrasonic 
quality level that would be universally appli
cable to such a diversity of products. Ultra
sonic acceptance or rejection criteria for indi
vidual castings should be based on a realistic 
appraisal of service requirements and the 
quality that can normally be obtained in pro
duction of the particular type of casting. 

9.2 Acceptance quality levels shall be es
tablished between purchaser and manufac
turer on the basis of one or more of the fol
lowing criteria: 

9.2.1 No indication equal to or greater than 
that specified in one of the quality levels Spec
ified in Table 2 or 

9.2.2 No questionable areas from 7.5 unless 
further investigation proves their acceptabil
ity. 

9.3 Offifcr means may be t:scd to establish 
the validity of a rejection based on ultrasonic 
inspectio'n. 

TABLE 2 Rejection L«»v) 
NOTE 1—The areas in Ihe tabl* refer \o the surface area on the casing over which a continuous indication exceeding 

the amplitude reference line is maintained. 
Norr 2—Areas shall be measured from the center of she transducer. 
NOTE 3— In certain castings. because of very ror.jj test dista'afw or curvature of th? test surface, the casting- surface are* 

over which a gi*en discontinuity is delected m ^ be considerably larger or smaller than the actual area of the discontinuity 
in the catling, in such cases other criteria which incorporate a consideration of bean spread must be used for realistic eval
uation of the discontinuity. 

Ultrasonic Testing Percent of Amp! tude Area. 
Quality Reference Line (AR* ', in ' 

Level (sec 9.2.1) (see 9 2.1) 

1 100 0 1 
2 100 I J 
3 100 3 
4 100 5 
i 100 t 
6 100 12 
7 100 14 

As stipulated in the above Paragraph 9» it is impractical to 
specify an ultrasonic quality level that would he universally 
applicable to such a diversity of products, and ultrasonic 
acceptance or rejection criteria for individual castings should 
be based on a realistic appraisal of service requirements. 
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in acceptance ataadarda for fer.itie steel eastings used for 
nuclear power plant specified In 15MB Section III Subsection 
IB, Paragraph KB-2572, ss s typical cess, are quoted in the 
follovlngt 

NB-2S72 Ultrasonic Examination of Fcrritk 
Steel Castings 

The requirements for ultrasonic examination of 
statically and centrifugal!)- cast products are given in 
the following subparagraphs. 

NB-2572.1 Straight Beam Method. When ferritic 
castings are to be examined ultrasonically. all sec
tions, regardless of thickness, shall be examined in 
accordance with SA-609, Specification for Longitudi
nal Beam Ultrasonic Inspection of Carbon and Low 
Alloy Steel Castings, as shown in Section V; however, 
supplementary angle beam examination in accor
dance with NB-2572.2 or radiographic examination 
in accordance with NB-2573 shall be performed in 
areas where a back reflection cannot be maintained 
during the straight beam examination, or where the 
angle between the two surfaces of the casting is more 
Ihanl5deg. 

NB-2572.2 Angle Beam Method. Examinations 
shall be conducted in accordance with T-524 of 
Section V, except that the acceptance standardsTof 
NB-2572.3apply. ' ^ j 

NB-25723 Acceptance Standards 
(a) The Quality Levels of SA-609 as shown in 

Section V shall apply for the casting thicknesses 
indicated in (I) through (3) below: 

(1) Quality Level I for thicknesses up to 2 in. 
(SI mm) 

(I) Quality Level 3 for thicknesses 2 to 4 in. 
(51 to 102 mm) 

(3) Quality Level 4 for thicknesses greater than 
4 in. (102 mm) 

(b) In addition tc the Quality Level requirements 
given in (a) above, the requirement in (1) through (5) 
below shall apply for both straight beam and angle 
beam examination. 

(I) Areas giving indications exceeding the 
Amplitude Reference Line with any dimension 
longer than those specified in the following tabulation 
are unacceptable: 

UT Quality I<e*el Longest Dimension of Area""'* 
• 

1.3 in. 
2.0 in 
2.5 in. 
JO in. 

(2) Quality Level I shall apply for the volume of 
castings within 1 in. (23 mm) of the surface regardless 
of the overall thickness. 

(3) Discontinuities indicated to have a change 
in depth equal to or greater than one-half the wail 
thickness or I in. (23 mm), whichever is less, are 
unacceptable. 

(4) Two or more indications in the same plane 
with amplitudes exceeding the Amplitude Reference 
Line and separated by a distance less than the longest 
dimension of the larger of the adjacent indications 
are unacceptable if they cannot be encompassed 
within an area less than that of the Quality Level 
specified in (I) above. 

(5) Two or more indications greater than 
permitted for Quality Level I for castings less than 2 
in. (31 mm) in thickness, greater than permitted for 
Quality Level 2 for thicknesses 2 in. through 4 in. (51 
mm through 102 mm), and greater than permitted for 
Quality Level 3 for thicknesses greater than 4 in. (102 
mm), separated by a distance less than the longest 
dimension of the larger of the adjacent indications 
are unacceptable, if they can not be encompassed in 
an area less than that of the Quality Level require
ments stated in (.t) above. 

"The areas for the Ultrasonic Quality Levels in SA-MW refer : 

to the surface area on the easting over which continuous, 
indication exceeding the transfer corrected distance amplitude ! 
curve is maintained. 
"Areas are to be measured from dimensions of the movement 
of the search unit, using the center «* the search unit as the 
ifttrence pofnf. 
"In certain caairtp. because of very long metal path distances or 
curvature of the examination turfaces. the surface area over 
which a given discontinuity i* detected may be considerably 
larger or smaller than the actual area of the discontinuity in the 
casting; in such case*, other criteria which incorporate a 
consideration Of beam angjes or beam spread must be used for 
realistic evaluation of rise discontinuity. 
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b) Another ezaaple is gtren by the specification for bolting 
Baterials specified in the Article 5, Section V, ASMS 1978 

T-535 
Winter addenda as quoted i n 

Bolting Material 

Procedures used for ultrasonic examination of 
bolting materia! bolts, studs, and nuts shall conform 
to the requirements of SA-388 as modified by the 
following subparagraphs. Calibration blocks in ac
cordance with Tables T-333.1 and T-333.2 shall be 
used for straight beam calibration. Tables T-535.1 
and T-535.2 show relationships between examined 
materi?' diameter (d), length (/) ..and calibration-
block diameter (D), and length (L). Flat bottom holes 
shall be as shown in Fig. T-535.1 drilled a minimum 
of 1 Vz in. (38 mm) deep in the axial direction of the 
block. 

Calibration block material and examination sur
face finish shall be the same or equivalent to the 
bolting under examination. 

T-S35.1 Straight Beam, Radial Scan. Bolting 
materials shall be examined radially prior to thread
ing. The examination shall be in accordance with the 
following. 

(a) Technique. The examination shall be per
formed using pulse-echo, straight-beam equipment 
with the contact or immersion technique. 

(b) Calibration. The sensitivity shall be established 
using the reflection indication from the side of the 
hole in calibration block A, at the radial metal paths 
of Z>/4 and 3Z>/4. Select the hole indication at the 
metal path which gives the greatest amplitude and set 
the gain control so that this indication is 80±5% of 
full screen height Without changing the instrument 
controls, obtain maximum amplitudes from the other 
metal path. Mark the indication amplitudes on the 
cathode ray tube, connect the adjacent pointt and 
extend the DAC to cover the range of examination. 

' (e) Examination. Scanning shall be performed 
helically or circumferentially in overlapping paths so 
as to cover (he entire accessible cylindrical surface of 
the bar. . , . 

id) Evaluation. Any imperfection which causes an 
indication in excess of 20% of DAC shall be 
investigated to the extent that it can be evaluated in 
terms of the acceptance standards of the referencing 
Code Section. 

1 
t h e f o l l o w i n g : 

T-535J Straight-Beam, Axial Scan. Bolting materi
als shall be examined axially before or after thread
ing. The examination shall be conducted in accord
ance with the following. 

(a) Technique. The examination shall be per
formed from bodi end surfaces of the material using 
pulse-echo, straigbt-beara equipment with die con
tact or immersion technique. 

(b) Calibration. The sensitivity shall be adjusted to 
give an 80% of full screen amplitude from the flat 
bottom hole in the block which gives the highest 
amplitude. Mark this amplitude and the amplitude of 
the flat bottom hole in the lower amplitude block on 
the screen, and connect the two marks with a straight 
line extending to the entry surface indication. This is 
die DAC line. If the lower amplitude block gives less 
than 20% of full screen amplitude, prepare an 8/4 + 
hole depth block and construct two DAC line: to 
cover the examination metal path range. This is 
accomplished by setting the sensitivity to give an 80% 
of full screen amplitude from the flat bottom hole in 
the £/8 or 8/4 block which gives the higher 
amplitude. Mark this amplitude and the amplitude of 
the lower amplitude block on the screen and connect 
the two marks with a straight line extending to the 
entry surface indication. Record the sensitivity 
setting which will be used in the examination of the 
end quarters of length of the bolting material. Next 
set the sensitivity to give an 80% of full screen 
amplitude from the flat bottom hole in the 8/4 or 
8/2 block which gives the higher amplitude. Mark 
this amplitude and the amplitude of the lower 
amplitude block on the screen and connect the two 
marks with a straight line. Record the sensitivity 
setting which will be used in the examination of the 
two middle quarters of length of the bolting material.. 

(c) Examination. Surface preparation — Both end 
surfaces of the bolting material shall be flat and 
normal to the bolt axis. Record all indications 
exceeding 20% DAC in the quarter of length 
applicable to the sensitivity setting. 

id) Evaluation. Any reflector which causes an 
indication in excess of 20% of DAC shall be 
investigated to the extent that it can be evaluated in 
terms of the acceptance standards of the referencing 
Code Section. 

TABLE T-535.1 TABLE T-535.2 

Flat Bottom Block Stock Flat Bottom 
O - d ± 1 In. Holt Dlam. s 1/32 in. Designation 

A 

LenoUi, 8 

2/8 t holt 

Holt Location, £, 

Up to 1 in. V16 in. 

Designation 

A 

LenoUi, 8 

2/8 t holt 0/4 of block 
Ovtf 1 to 2 in. VSin. depth tnd ' 
0v«r 2 to 3 in. 3/16 in. B 8/2 + holt Ctnttr lint of 
Ovtf 3 to 4 in. 9/16 in. depth Mock tnd 
Ovtf 4 in. 3/8 In. C 8/4 * holt 

depth 
Centtr line of 
block tnd 

8 /4 * holt 
depth 

Centtr line of 
block tnd 

NOTE: 
(1) A toltranct of ±5% may bt applied. 
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6-2J Cylindrical Reflectors to be Used lor Angle Beam Method and 
Acceptance Criteria 

a) An example is the requirements for ultrasonic examination of 
weld, which are specified in the Paragraph T-540 in the Article 
5, Section V of ASME 1978 Winter Addenda, as quoted in the 
following: 

ASMB Section V, Article 5 
T-540 ULTRASONIC EXAMINATION OF 

WELDS _._-
T-543 Basic Calibration Block(s) 

The basic calibration reflectors shall be used to 
establish a primary reference response of the equip
ment. The basic calibration reflectors may be located 
either in the component material or in a basic 
calibration block. Where the block thickness ± 1 in. 
(±25 mm) spans two of the weld thickness ranKes 
shown ia Fig. /TOfJM,/ tne block's use shall be 
acceptable in those portions of each thickness range 
covered by 1 in. (25 mm). 

T-544 System Calibration 
T-544.11 Angle Beam Calibration. As applica

ble, the calibration shall provide the following 
measurements (Articie 4-, Appendix B contains a 
general technique)': ! 

(a) sweep range calibration; 
(b) distance-amplitude correction; 
ley position calibration; 
(d) echo amplitude measurement from the surface ; 

notch in the basic calibration block. 
When an electronic distance-amplitude correction 

device is used, the primary reference responses from 
the basic calibration block shall be equalized over the 
distance range to be employed in the examination. 
The response equalization line shall be at a screen 
height of 40 to 8Cr% of full screen height. 

Clad if prment 

Baric Calibration Hole 
Weld Thickness (f) Block Thicknese [T) Diameter Notch Size: 

1 in. or L « M 3/4 in. or t 3/32 in. Width » 1/8 in. to 1/4 in. 
Over 1 in. through 2 in. 1-1/2 in. or r 1/8 in. S.Z < t . f 
Oy«r 2 in. through 4 in. 3 In. or t 3/16 in. Depth -2%T 
Over 4 in. through 6 in. 5 in. or t 1/4 in. • = -

Over 6 in. through 8 in. 7 In. or t 5/16 in. Length « 2 in. rnin. 
Over 9 in. through 10 in. 9 in. or / 3/8 in. *=-
Over 10 in. See Note (5). 



NOTES: 
(1) Holes shall be drilled and reamed a minimum of 1-1/2 in. deep, essentially parallel to the 

examination surface. 
(2) Alternately, the block may b» constructed as shown in Fig. T-434.1. 
(3) Curved surfaces: for curved surfaces, two curved blocks, one for each representative 

curvature: or two seta of cslioration reflectors oriented 90 deg. from each other shall be 
used. 

(4) Notches may be provided as required. 
(5) For each increase in thickness of 2 in. or fraction thereof, the hole diameter shall increase 

1/16 in. 
(6) The tolerance for hole diameter shall be 11/32 in. The tolerance on notch depth shall be u 10 

and - 20%. The tolerance on hole location through the thickness shall be i MB in. 

FIG. T-546.1 BASIC CALIBRATION BLOCK 

For reference to the above T-544-3-1 (*>)» techniques to 
obtain the distance amplitude correction specified in the 
Article 4, Appendix B are quoted in the following: 

Calibration From the Unclad Side B-20 DISTANCE AMPLITUDE 
CORRECTION (PR1MARV 
REFERENCE LEVEL) (SEE FIG. 
B-20) * 

B-2I Calibration From the Clad Side 
i 

(a) Position the search unit tor maximum response 
from the hole which gives the highest amplitude. I 

(b) Adjust the sensitivity control to provide an| 
80% (±5% of full screen height) of full screen | 
indication from the hole. Mark the peak of the! 
indication on the screen. j 

(c) Position the search unit for maximum response 
from another hole indicator. 

(dj Mark the peak of the indication on the screen. 
(ej Position the search unit for maximum ampli

tude from the third hole indication and mark the peak 
on the screen. 

(/) Position the search unit for maximum ampli
tude from the %T hole indication after the beam has 
bounced from the opposite surface. The indication 
should appear at sweep line 10. Mark the peak on the 
screen for the 5/ 4 T position. 

(g) Connect the screen marks for the side drilled 
holes to provide the distance amplitude curve. 

(h) For calibration correction for perpendicular 
reflectors at the opposite surface, refer to B-50. 

In linr rwjlej df'f norchftt 
will he use*:* for ,jnT e 1M», T 
cal 'h(. i :n ' ' 

B22 
(a) From the clad side of the block, determine the 

dB change in amplitude between the %Tand SAT 
positions. 

(b) From the unclad side, perform calibrations as 
noted in B-21 (a) through (e). ; 

(c) To determine the amplitude for the %T hole, 
position the search unit for maximum amplitude from 
the y+I hole. Decrease the signal amplitude by the 
number of dB determined in (a). Mark the height of 
this signal amplitude at sweep line 10 (% 7*). 

(d) Connect the screen marks to provide the 
distance-amplitude curve. This will permit evaluation 
of indications down to the clad surface (near sweep 
line 8). 

(ei For calibration correction for perpendicular 
pianar reflectors near the opposite surface, refer to B-
50. 

fn fine ho'" ! rind notch*?* 
\AMI h* J W ' f"- anglf hearn 
td''l)riM>an 

Dutdnce emp'rudt 

•< w criof-. 



For the above referenced proceudre B-50 of ASME Section V, 
Articele 4, discussions will be made in the Paragraph 7.2 
in this text. 

T-545.2 DAC Correction. If a point on the 
distance-amplitude correction (DAC) curve has 
decreased 20%> or'2 dB> of its amplitude, all data 
sheets since tlie last calibration or calibration check 
shall be marked void. A new calibration shall be 
made and recorded and the area covered by the 
voided data shall be reexamined. If any point of the 
distance amplitude correction (DAC) curve has 
increased more thanQO '̂or 2dBJof its amplitude, all 
recorded indications since the' last valid calibration 
or calibration check shall beT reexamined; with the 
corrected calibration and their values shall be 
changed on the data sheets. 

T-S473^Evaluation4 Any imperfection which caus
es an indication in excess of 20% DAC shall be 
investigated to the extent that it can be evaluated in 
terms of the acceptance standards of the referencing 
Code Section. 
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Fig. 6.3 IOO56 DAC and 20# LAC 

b) Another example i3 the requirements for Angle Beam Ultrasonic 
Examination of Castings Supplement to the SA-609 in the Article 
5, Seotion V of ASMS 1978 Winter Addenda, are quoted as follows» 



ASMS Section V, Article 5 
T-534 Castings (Restricted to Carbon and 

Low Alloy Sleds) 

When ultrasonic examination of fcrritic castings is 
required by the referencing Code Section, ail sec
tions, regardless of thickness, shall be examined in 
accordance with SA-609 as supplemented in the 
following paragraphs. 

A supplementary angle beam examination shall be 
performed on castings or areas of castings where a 
back reflection cannot be maintained during the 
straight beam examination or where the angle 
between the front and back surfaces of the castings 
exceeds I5deg. 

T-534.1 Calibration Blocks. The block or blocks 
required to establish the examination sensitivity 
across the full thickness of the castings to be 
examined shall be made of material of the same 
specification, grade, product form, heat treatment, 
and thickness ±25% as the castings to be examined. 
The surface finish of die calibration block shall be 
representative of the examination surface of the 
casting to be examined. 

T-534.1.2 Angle Beam. The basic calibration 
block shall be as shown in Fig. T-534.1.2. Holes of 
larger or smaller diameters, Vee or square notches 
may also be placed in the reference block to provide 
reference reflectors for evaluation purposes. These 
additional holes and notches shall be located so as 
not to interfere with the responses from the basic 
calibration reflectors. 

T-534.2 Calibration 
T-534.2.2 Angle Beam. The examination sensi

tivity shall be established on an 80% of full screen 
height amplitude from the side drilled hole producing 
the largest response. The distance amplitude correc
tion (DAC) curve shall be constructed by utilizing 
the responses from the side drilled hole reflectors in 
the angle beam reference block (Fig. T-534.1.2) 
covering the examination distance range in the 
casting to be examined. 
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T-S34J.2 Angle Beam. Beam angle in the 
material shall be in the range of 5 to 75 dec, 
inclusive, measured with respect to a perpendicular 
to the examination surface. The angle selected shall 
resolve the calibration block reflectors described u, 
T-534.1.2 in accordance with the requirements of T-
534.2.2. The scans shall be made in at least two 
directions 90 <Jeg. apart. 
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6-3) V or Rectangular Sotch Reflector for use to Angle Beaa Exami
nation 

a) An example is given \ry the requirements of T-547 Perritic 
Welds in Perritic Pipe, Article 5, Section V of ASME 1978 
Winter Addenda, as followsi 

ASMS Section V, Article 5 
T-347.1.2 Basic Calibration Reflectors. The basic 

calibration reflectors shall be longitudinal and with 
circumferential notches on both the inner and outer 
surfaces. The sizes and locations ot the calibration 
reflectors are shown in Fig. T-547.1.1 

'When iide drilled holes are lobe used for taliriradun. thr MCHII 
shall be as shown in f i« T-54 .̂1 iSee T547 I 4) 

http://li.it


i 

» Tyi'ica1 Block Dimensions 

Length U ) 8 in or ST, whichever it greater 

Minimum Arc Length {A.L.) (1) for O.D. 4 in. or less: 270 deg, 
(2) for 0 D greater than 4 in.: the greater of 3T or 8 in. 

Specific Notch Dimensions 

LengrH (£) — 1 jn minimum 

Depth (O) — 1 0 % T with tolerance O * ' of Depth 

Wi--J?h — 1/8 in to 14 in 
Lucat'on — not closer than T from any block edge 

FIG. T-547.1 

T-547.1 J J Distance Amplitude Correction 
(DAC). A DAC curve is required for all pipe welds 
For examination (if a full wall thickness, the notches 
shall be used as calibration reflectors. The angle 
beam shall be directed toward the calibration 
reflector that yields the maximum response, tting 
the instrument adjustment to vield 80% of screen 
height. The search unit shall then be manipulated, 
without changing instrument settings, to obtain the 
maximum responses from the calibration reflectors at 
the distance increments necessary to generate a 3-
point DAC curve. 

T-547_ME»aliialion.'; Any imperfection which caus
es an indication in "excess of^'/''. t^ACJshall J)e_ 
investigated to the extent that it can be evaluated in 
terms of the acceptance standards of the referencing 
Code Section. 

b) Another example is the requirements for Angle Beam Examina
tion - Rings and Hollow Forgings, SA-388, epecified in the 
Paragraph 7.3, in the Article 23, Section V, ASHE 1970 Winter 
Addenda as follows: 



ASME Section V, Article 23, SA-388 
7.3 Angle Beam Examination—Rings and 

Hollo* Forcings: 

7.J.J Calibrate the instrument for the 
angle-beam examination to obtain an indica
tion amplitude of approximately 75 percent 
full-screen height from i rectangular or 60-d:g 
V-notch on inside diameter (ID) in the "• *ia 1 
direction and parallel to the axis of the 
forging. Cut the ID notch depth to 3 percent 
of the nominal thickness or V* in. (6.35 mm), 
whichever is smaller, and its length approxi
mately I in. (25.4 mm). At the same inUtu-
menl setting obtain a reflection from a similar 
OD notch. Draw a line through the peaks of 
the first reflections obtained from the ID and 
OD notches. This shall be the amplitude 
reference line. It is preferable to have the 
nos iies in excess metal or test metal when pos
sible. - • -

When the OD notch cannot be deter.ted^ 
when examining from OD surface, perform 
the examination, when practicable (some ID'* 
may be too small to permit examination), as 
indicated above from both the OD and ID 
surfaces utilizing the ID ng.tch when in
specting from the OD and the OD noit> when , 
inspecting from the ID. Curved *edges or 
shoes may be used when necessary and pract -
cable. 

8.2 Angle-Beam Examination— R e a m 
discontinuity indicjiions equal to or exceeclinj 
50 percent of the indication from the rrfer 
ence line. When an amplitude reference line 
cannot be generated, rcco'd discontinuity in
dications equal to or exceeding 50 percent of 
the reference notch. 
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Fig. 6.5 Amplitude Reference Line 

An acceptance quality level is specified aa follows: 

10.3 Acceptance quality levels shall be es
tablished between purchaser and manufac
turer on the basis of one or more of the fol
lowing criteria. 

10.3.2 /Ingle-Bmm Examination: 
10.3.2.1 No indications exceeding a stated 

percentage of the reflection from a reference 
notch or of the amplitude reference line. 

10.4 Intelligent application of ultrasonic 
quality levels involves an understanding of the 
effects of many parameters on examination 
results. 



6-4) Calibration of The Equipment Sensitivity by The Back Reflection 
Amplitude and Acceptanca Criteria 

a) For example, the requirements specified in the Article 23, Sec
tion V of ASMS 1978 for Ultrasonic Testing and Inspection of 
Heavy Steel Forcings, SA-J88, are quoted and discuaBad in the 
followings: 

ASMS Section V, Article 25, SA-388 
7.2.2 \ Bad^R^alo^JTechni^u^ (Back-

Refitciion Calibration Applicable to Forcings 
with Pa rail"! Entry and Back Surfaca)— 
With the attenuator su at an appropriate 
level, for example 5 to-I or 14 dB, adjust the 
instrument controls to obtain a back reflec
tion approximately 75 perce,.t of the full
screen height from the opposite side of the 
forging Scan the forging at the maximum 
amplification setting of the attenuator (atten
uator set at I to I ) . Carry out the evaluation 
of discontinuities with the gain control set at 
ihe reference level. Recalibration i t required 
for significant changes in section thickness or 
diameter. 

7.2.4 During the examination of tlie forg
ing, monitor the back reflection for any sig
nificant reduction in amplitude. Reduction in 
back-, .lection amplitude may indicate not 
only the presence of a discontinuity but also 
poor coupling of the search unit with the sur
face of the forging, nonparallel back-reflec
tion surface, or iocal variations of attenuation 
in the forging. Recheck any areas causing loss 
of back reflection. 

8. Kecordi 

ii.raizhl-lieam Examination — Record 
t h e f; • • t i 

t h e In the '•ack-reflecliori technique, indi-
viii M! ii ii,cations equal to or exceeding 10 
prt-.m1. uf the hack reflection from an adja-
con: j.-ea free from indications; in the refer
ence-block technique, indications equal lo or 
exceeding 100 percent of the reference ampli
tude. 

8.1.2 An indication which is continuous on 
the same plane regardless of amplitude, and 
found over an area larger than twice the di-
Hmeter of the search unit. The extent of sudi 
an indication shall be accurately measured 
along with variations in amplitudes of reflec
tions. 

„ 8.1.2.1 Planar indications sh. ' l be consid
ered continuous over a plane i f they have a 
rtajor axis greater than I in. (25.4 m m ) . In 
recording these indications corrections must 
3e made for beam divergence at the estimated 
flaw depth. 

8.1.3 In the back-reflection technique, dis
continuity indications equal to or exceeding 5 
percent of the back reflection. In the reference-
block technique, indications equal to or ex
ceeding 50 percent of the reference amplitude 
providing thai they travel, are continuous, or 
appear as clusters.-^ 

8.1.3.1 Trave'ing indications are herein de
fined as indications whose leading edge moves 
a distance equivalenl lo I in. or more of metal 
depth with movement of the search unit over 
the surface of the forging, 

8.1.3.2 A cluster of indications ts defined 
as five or more indications located in a 
volume representing a 2-in. (50.8-mm) or 
smaller cube in the forging. 

8.1.4 Reduction in back reflection ex
ceeding 20 percent of the original measured in 
increments o f l O percent. 

8.1.5 Amplitudes of recordable indications 
in increments of 10 percent. 

8.2 Angle-Beam Examination—Record 
discontinuity indications equal to or exceeding 
50 percent of the indication from the refer
ence line. When an amplitude reference line 
cannot be generated, record discontinuity in
dications equal to or exceeding 50 percent of 
the reference notch. 



For evaluation or diagnoBiB of the detected discontinuities, 
the quality level are specified as quoted in the following 
Paragraph 10: 
10. Quality Levels 

10.1 This recommended practice is in 
tended for application to forging*, with a wide 
variety of sizes, shapes, compositions, melting 
processes, and applications. It is. therefore, 
impracticable to specify an ultrasonic quality 
level which would bevuniversally applicable to 
such a diversity of products. Ultrasonic ac
ceptance or rejection criteria for individual 
forgings should be based on a realistic ap- | 
praisal of service requirements and the quality 
thai can normally be obtained in production 
of the particular type forging. 

10.2 Heavy austenitic stainless steel forg
ings are more difficult to penetrate ultrasoni-
cally than similar carbon or low-alloy steel 
forging*. The degree of attenuation normally 
increases with section size; and the noise level, 
generally or in isolated areas, may become t 
too great to permit detection of discrete indi
cations. In most instances, this attenuation 
results from inherent coarse grained micro-
structure of these austenitic alloys. For these 
reasons, the methods and standards employed 
for ultrasonicalty examining carbon end low-
alloy steel forging* may not be applicable to 
heavy austenitic steel forglhgs. In general, 
only straight beam inspecting using a back-
reflection reference standard is used. Because 
of attenuation, use of flat-bottom hole refer
ence standards or angle-beam examination of 
these grades is normally impracticable. 

10.} Acceptance quality ievel? shall be e s 
tablished between purcha.er and manufac
turer on the basis of one or marc of the fol
lowing criteria. 

10.3.1 Straight-Brain Ex miration: 

10.3.1.1 No indications larger thun some 
percentage of the referenc: t ick reflection. 

10.3.1.2 No indications rjual to or larger 
than the indication receive.! from the flat-
bottom hole in a specified reference block or 
blocks. 

10.3.1.3 No areas showing toss of back re
flection larger than some percentage of the 
reference back reflection. 

10.3.1.4 No indications per 10.3.1.1 or 
10.3.1.2 coupled with some loss of resultant 
back reflection per 10.3.1.3. 

10.3.2 Anglt-Btam Examination-
10.3.2.1 No indications exceeding a stated 

percentage of the reflection from a reference 
notcb Or of the amplitude reference line. 

10.4 Intelligent application of ultrasonic 
quality levels involves an urt'.enUnding of the 
effects of many parameters on examination 
results. 

b) Another example is the requirements specified in the SA-578* 
Straight Beam Ultrasonic Examination of Plain and Clad Steel 
Plates for Special Application, in the Article 23, Section 7 
of ASMB 1978 as quoted as follows: 

4.6.2 Conduct the general scanning with an [ 
instrument adjustment that will produce a 
first reflection from the opposite side of a 
sound area of the plate from SO percent to 90 
percent of full scale. Minor sensitivity adjust
ments may be made to accommodate for sur
face roughness. 

4.6.3 When a discontinuity condition is 
observed during general scanning adjust the 
instrument to produce a first reflection from 
the opposite side of a sound area of the plate 
of 75 ± J percent of full scale. Maintain this 
instrument selling during evaluation of 'he 
discontinuity condition. 

5. Recording 
5.1 Record all discontinuities causing com

plete loss of back reflection. 
5.2 For plates V* in. (19 mm) thick and 

over, record all indications with amplitudes 
equal to or greater than 50 percent of the ini
tial back reflection and accompanied by a 30 
percent loss of back reflection. 

NIITI: .1—Indication* nccurrinp m..J>».iy between 
the initial pul»c and the first tutl >-r.cction may 
VJUK J second reflection at the li* il >n of the fir>l 
bjck reflection. When 1S11 nm-lii, • -.bstrved il 
irwll be investigated additionally :-> y r,f multiple 
back reflection* 



S.3 Where grid scanning i\ pciiormeii and 
recordable conditions as in 5 1 .mil 5.2 are 
detected along a given priJ line, the entire 
surface area of the squares adjacent to this 
indication shall be scanned. Where parallel 
path scanning is performed and recordable con
ditions as in VI and 5.2 a,c Jet-ctcd, the entire 
lii'a.e ai:a cf a 0 by ') »:•. (.'}<) hj :3u-mm) 

square centered on this indication shall be 
scanned. The true boundaries where these con
ditions exist shall be t-.t.iblis.'iri in cither 
method by the following technique Move the 
transducer away Worn the center of the discon
tinuity until the height of the back reflection 
und discontinuity indications are equal. Mark 
the ptate at a point equivalent to the center of 
the transducer. Repeat the operation to estab
lish the boundary. 

6. Acceptable Strata*—Level I (for Plate 
Thicknesses of V* in. (19 mm) and Over) 

6.1 Any recordable conditioa listed in 
(Section 5) which (/) is continuous, (2) is on 
the same plane (within 5 percent of the plate 
thickness), and (J) cannot be encompassed by 
a 3-in. (76-mm) diameter circle, is unaccept
able. 

6.2 Two or more recordable conditions 
(Section 5), which (/) are on the same plane 
(within 5 percent of plate thickness), (2) indi
vidually can be encompassed by n 3-in. diam
eter circle, (J) are separated from each other 
by a distance less than the greatest dimension 
of the smaller defect, and (4) collectively 
cannot be encompassed by a 3-in. diameter 
circle, are unacceptable. 

7. Acceptance Standard Level II 
7.1 Any recordable conditio* given in S.I 

that cannot be encompassed within a 3-in. 
(76-mm) diameter circle is unacceptable. 

VII Various Discussions oa Factors Belated to Amplitude of Signals and 
False Indications 

7-1) Amplitude of Signals fron the Interface 

Intensities of the ultrasonic waves (the sound pressure) of the 
reflected and transmitted at the interface between Material I and 
Material II are given by the following equations 

Pr IZi-Zi I 
P; Zi + Z? • r 2 ->» (7.1) 

t,J>z P I * TTTTz (7.2) 

Material I 
(Z.) 

Material II 

(22) 

life. 7.1 Reflection aid Transmission 



Where, 
j* z : Heflection coefficient of the sound pressure 

when the sound transmits from the Material I 
to the Material II 

F r : The reflected sound pressure 
2'L : The initial sound pressure incident on the 

boundary surface 

Z| : Acoustic impedance of the Material I 
(Water: I.48 x 1Q6 kg/m2fl) 

Z2 : Acoustic impedance of the Material II 
(Steel: 46.0 x 10°" kg/m28) 

The acoustic impedance of material is a product 
of multiplication of density of the material and 
sound velocity in the material Z = j 3 1C 

_P : density, C : sound velocity 

T? -> 1 Heflection coefficient of the sound pressure when 
the sound transmits from the Material II to the 
Material I 

t1-»? Txansmlasion coefficient of the sound pressure 
when the sound transmits from the Material I to 
the Material II 

In the above equations, attenuation of the sound pressure in th.' 
material is disregarded. 
In case of the water column coupling method 6hown in the Fig. 7«1» 
surface reflections (Sj, S2 etc.) are produced by the received 
sound reflectad at the steel surface. The signal amplitude of the 
surface reflection is proportional to the reflection coefficient, 
^ _ , as obtained in the following: 

r SL lz~-z. I 46.0* -P* -i.48sio 6 • 0 Q , 
' ' - - * Pi, "" Zi + Z; = l . i t fx i'Jo* 4%4x100 ~ 'y* 

The amplitude of the back re f l ec t ion , l,r., , bz e t c . ) , i s produced 
by the r* eivin# found presmire which ..: the r e su l t of passing 
through t :e in te r ace twice, arfi tiu- '. i.*r-.nl Trr.nr'mittance" of the 
sound pr ' '3u.rr j.r ^iven an fo]. own: 



T^2 = p~ Pt PT 

4Z.Z 
= TzTTzf? = 1 _ r ^ ( = *^ ' ) (7.3) 

Where, Ti^,? : Signal transmission coefficient 

Then, 

T |^2 = 1 - C ^ a ) 2 = 1 - 0.94 2 = 0.12 

Accordingly, a ratio of the amplitudes oX the first back reflection, 
Bi, and the first surface reflection, S|, 1B obtained as follows: 

HBI _ Tui-2 ^ 0.12 
Hss " r,->2 ~ 0.94 = 0.13 ^> -17.7 dB 

From the above result, it is understood that the amplitude of the 
si'jrface reflection H31 is calibrated to 100$ of the full screen 
height, the first back reflection is presented to be 13;£ of the full 
screen height. 
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(a) Transmission and Reflection (b) Presentation on the CRT 

Fig. i.l Transmission and reflection of the ultrasonic 
wave9 in the water column coupling method, and 
'•.mplitudca of the surf-ir <. v fleetionn ?uad the 
hack reflections 
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(Exercise 7.1) 
A carbon steel specimen cladded with 18-8 stainless steel Is 
ezaained placing a transducer on the surface of the carbon ateel 
as shown in fig. 5.5. Obtain a decibel value to Indioate a 
ratio of the amplitude of signals froa the cladded Interface and 
the back surface of the stainless steel. Xhe *infliHT»g is sat
isfactory. She Impedances of the carbon steel and the stainless 
steel are Z.=. 46.O z 10° k g / W e ^carbon steel) and Zi= 45-8 z 10 6 

kg/a^s (atainless steel). 

C 

! B 
Ui 

Interface 
Reflection 

Back Reflection, 

7 Carbon 
4 Steel 

TFT 
Stainless steel 
Fig. 7*2 Interface Reflection and Sack 

Reflection on the Clad Steel 

(Answer) -34 dB 
Accordingly the reflection at the cladding Interface is not 
appreciable. 

7-2) Amplitude of Signals Produced by Angular Incidence 

When the ultrasonic waves transmit to a interface In an angular 
direction, reflection and refraction occur at the boundary face, 
and vibration mode converts one to another in some occasion of 
angle of incidence. By theoretically calculated results on steel, 
a correlation between the angle of Incidence and reflection co
efficient of sound pressure is shown in Fig. 7.5. 



I 

s 

9 
Vt e o o 

S 8 2 s -»» o •a • a r* 3 <M 
5 m 
09 « 

?!«. 

ingle of Incidence of Shear Waves (H 
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Angle of Incidenoe of Longitudinal Waves 

7*3 Sound Pressure of Reflected Waves 
by Angular Incidence 

The angle of incidence of the longitudinal waves is shown in the 
Fig. 7.3 toy the lower horizontal scale and the angle of incidence 
of the shear waves is shown by the upper horizontal scale. The 
vertical scale ia showing the reflection coefficient, T = ?r/?i in 
percentages. 
It is noted on the Fig. 7.3 that the reflected sound pressure of 
longitudinal waves is the miniana at the angle of incidence 68° to 
be 13 percent of the incident sound pressure. It means that the 
other portion of the waves converts the vibration mode to shear 
waves. Where the shear waves transmit to the steel surface at en 
angle larger than 33.2 , the shear waves totally reflect and no 
mode conversion occurs. The angle, 33.2°, is the critical angle 
of shear waves transmitted in the steel to the surface contacting 
with air. 

(Exercise 7.2) 
With use of ths shear wave transducer, beam angl't oi' 70°, the 
shear waves impinge a corner of a ateel plate an i-hcwn by the 
Fig. 7.4. 



Fig. 7.4 Reflection of Shear Waves at 
a Bight Angled Specimen 

In the above case, obtain the receiving sound pressure in per
centages of the incident sound pressure. 

(Answer) 
The sound waves in the beam at other than the beam axis impinge 
both of back surface and vertical surface. The waves impinged 
the back surface at a point P at the incident angle of 70 total
ly reflect to the direction of 70 and impinge again the vertical 
surface at a point Q by the incident angle of 20 . From the Fig. 
7.3. it is given that the reflected sound pressure of the shear 
waves at the point Q is 50% of the incident sound pressure and 
other portion of the waves convert to longitudinal, waves which 
propagate to a direction of 38.7° (as show by L in the Fig. 7«4)» 
because, 

6 L = sin"1 ( £- x sin 20°) 

= sin-1 ( J § g x sin 20°) = 38-7° 

Accordingly, the longitudinal waves reflected at the point Q can 
not be received by the transducer. Consequently, the received 
sound pressure is to be 50% of the initially transmitted sound 
pressure, where attenuations by beam spread and scattering are 
disregarded. 
By the similar process, the receiving sound pressure at the square 
corner is to be 100% for the shear waves transmitted to back sur
face at 45°, and 13% for the shear waves transmitted to back sur
face at 60° when the beam axis impinges the corner. 



In t h i s regard, a calibration correction for planar ref lectors 

perpendicular to the examination surface at or near the opposit 

surface i s specified in the Paragraph B-50, Art ic le 4 - Non-

mandatory Appendices in Section 7, ASMS 1980, as quoted in the 

following: 

ASME Section V, Article 4 Nonmandatory Appendices 
B-50 CALIBRATION CORRECTION FOR 

PLANAR REFLECTORS 
PERPENDICULAR TO THE 
EXAMINATION SURFACE AT OR 
NEAR THE OPPOSITE SURFACE 
(SEE FIG. B-50) 

The 45 deg. angle beam shear wave reflects well 
from a corner reflector. However, mode conversion 
and redirection of reflection occurs to part of the 
beam when a 60 deg. angle beam shear wave hits the 
same reflector.This problem also exists to a lesser 
degree throughout the; 50 to 70)Ieg. angle beam shear 
wave range. This correction is required in-order to be 
equally critical of such an imperfection regardless of 
the examination beam angle. 

(a) Position the search unit for maximum ampli-
ide from the square notch on the opposite surface.!' FIG. B-50 PLANAR REFLECTORS 
X" marlc the peak of t'ne indication on the screen! 

t#*r i«fcp line 8. | 
h) The opposite surface square notch may give an 

invitation 2 to 1 above DAC at 45 deg. and V2 DAC 
at 60 det. Therefore, the indications from the square 
notch must be considered when evaluating reflectors 
at the opposite surface. 

It shall be noted for the practical purpose that the pyrfunm am
plitude is produced when the transducer of 60° incident angle is 
placed so as to be a little bit shorter beam path length than the 
theoretical length due to the fact that the ma-ir-timm pressure is 
obtainable in a direction slightly deviated from the beam axis. 

(Exercise 7*3) 
The equipment sensitivity calibration is performed with use of 
side drilled bole in the reference block, and examined the butt 
wold of steel ^late. A discontinuity reflection is obtained to 
an amplitude 80^ of the full screen height by use of a transducer, 
Ab of beam angle. The discontinuity is an inoomplete penetra
tion remaining vertical face of the base metal as shown in Fig. 
7.5. 
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.CL 

JCiei 
Fig. 7.5 Examination the Incomplete 

Penetration 

Then, the incomplete penetration is examined by a transducer, 70° 
of beam angle, with the same equipment sensitivity. Compare the 
signal amplitude from the incomplete penetration obtained by the 
transducer, 70 of beam angle with the amplitude obtained by the 
transducer, 45 of beam angle. Disregard attenuations by the beam 
spread and scattering. (Befer to the Fig. 7*3*) 

(Answer) 4 0 * 

From the abovementioned, it should be noted that the signal amplitude 
is largely changed by the incident angle to the planar reflector and 
it gives difficult problems for evaluation of the amplitude of indi
cation. This will be discussed later. 

7-3) False Indications 

a) Hoises (grass or hash) 
Excessive noises are produced when (l) excessively higher sensi
tivity is used, and (2) the coarse grained material is examined. 
Typical examples are shown in Fig. 7.5. 

T Boise 
(•) SZ20N 

B,(?) T Noise B, 
(b) ZZ20N 

(a) A back reflection can not 
be identified. 

(b) The back reflection is identi
fied but small discontinuity 
signals can not be identified. 

Fig. 7.5 Example of Boise on The CRT 
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It may be experienced that the noise indication may change a 
little bit of the beam path distance (travel on the time base) 
when the transducer is moved on the plate only a millimeter. On 
the contrary, the discontinuity amplitude does not travel. 
Production of the noises is remarkably depend on the used frequ
ency, and higher frequency, more noise and vise versa. 

b) Irrelevant Indication (Ghost Signal) 
An irrelevant indication is sometimes produced between the trans
mitter pulse and the first back reflection and no direct relation 
to reflected pulses from discontinuity in the materials being 
tested. This is caused by that series of multiple back reflec
tions are still presented when the subsequent pulse is displayed 
and overlapped, as an typical example shown in Fig. 7.6 and 7»7« 

CRT Display T CRT Display 

-AAJ A A J V U ^ 

(a) Pulse Repetition Frequency 
(PR?) is High 

TUT 

(b) FRF is Low 

Fig. 7.6 Schematics! Explanation of Production 
of Irrelevant Indication 

T t Transmitter pulse 
IB s Irrelevant indications 
Ft t The first discontinuity 

indication 
I Bj t The first back reflection 
1 

F 2 : The second discontinuity 
indication 

B2 The second back reflection 

Fig. 7,7 Irrelevant Indication 



The irrelevant indication is produced when the higher pulse 
repetition frequency is used for examination of material which 
has less attenuation by scattering. 
The irrelevant indication is identifiable by techniques shown 
in the following: 

i) Change the pulse repetition frequency to low and the ir
relevant indication is presented at a different location 
on the time base, or disappeared. 

ii) Move the transmitter pulse to right side on the tine base 
if possible, and a preceding irrelevant indication is ob
served in left side of the transmitter pulse. 

IB lit 

F ig . 7.8 Preceding I r re levan t Indicat ion 
i n Left of the Transmitter Pulse 

i l l ) Contact with your f ingers on the back surface at a place 
of back r e f l ec t ion , with use of suff ic ient coupljoit and 
the i r r e l evan t indica t ion w i l l be disappeared du tc srund 
t r anso i t t ance to the f ingers and at tenuation of t he nu.i t i -
p le back r e f l ec t i ons . The discont inui ty oigmU i s no': 
affected by tho same procedure. 

c ) Srlayed Signal a 
The delayed Eiajiale are 'istmlly preoented behind fchu 1 ick r ill fic
t i on whfn a Brecjrr.fn lci>j.-fr in lerwrth anrl f;:r;al.l<. r x •..: rnft •••r or 
thickness i s axnr-:.r.-!& ]crvj • rdinal.lv •:) th> m i:\ H • . >. 

http://rdinal.lv


Hr^r, 
Bt : Back reflection 
Bi': The first 

delayed signal 
B|": The second 

delayed signal 

(a) Sound paths cause the 
delayed signal. 

(b) Presentation of the delayed signals 

(c) Calculation of the delaying bean path distance A X 

Fig. 7.9 Delayed Signals 

For examples, the delayed beam path iB calculated to be r r.X = 

0.76rrt for steel and H A A = 0.88ndfor Aluminum. 

Where, n : Multiple number of delayed signal 
& i Diameter or thickness of the specimen 

d) Cylindrical Surface Indication 
When a shafting material is examined transversely contacting 
the transducer with the cylindrical surface, delayed signals are 
sometimes presented by a higher equipment sensitivity, as shown 
in Fj-. 7.10. *L. _Si_ 

(b) Sound paths cause the cylindrical 
surface signals 

.. •» 

, ,luIil;LiL 
0. P. k, i.. 

(c) Sound path distance In steel 
( 0 Typical pattern and the 

bean path distance 
ig. 7.10 Cylindrical 

Surface Indications 



- 162 -

Where a transducer is attached to the contact surface of the 
cylindrical specimen with a smaller area, so effective area of 
the transducer is smaller as if a eaaller sized transducer is 
used, and an angle of the beam spread is larger, and consequ
ently components of the ultrasonic beam propagate in directions 
shown in the Fig. 7*10 (b) gives some delayed signals. 

e) Accumulated Amplitude by Multiple Reflection 
Where multiple discontinuity indication are presented from a tiny 
reflector in a plate material, the first discontinuity Indication 
is lover level, but succeeding signals will be presented to be 
more and more higher levels for a some distance and then attenuate. 
This is caused by a phenomena to superimpose multiple reflections 
as shown in Fig. 7*H> 
Evaluation of the amplitude of such indications shall be carried 
out by the first signal amplitude from the reflector. 

mfta 
riritn 

(a) Superimposed Indications (b) The sound paths to superimpose 
the amplitude 

Fig. 7.11 Accumulated Amplitude by 
Multiple Reflection 

f) False Indications 
False Indications may be presented due to configurational reflec
tors of the welds or other specimens. Some of typical example* 
are shown in Fig. 7.12. 

.„< '0 10 X 40 M 

' 1 1 | 1 
J , jf J 1 L r 1 I T 7 

1111J f ĥ  i l i l t ut iZ 
.. Ei lJ l Tflftfl ft]" 'AJ 
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back reinforcement. 
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(b) Reflection from an 
incomplete fusion. 

" a n 

(c) Reflection from the 
back and top rein
forcements. 

100 

SBU&T* 

10 20 30 40 50 

~x 
(d) Reflection from a 

fused metal with 
backing strip. 

" " inl'liil.i;, • , , , , | l , . „ l i , 

Fig. 7*12 Examples of the False Indications 



VIII Defects Diagnosis 

8-1) Data Collection for Defect Diagnosis 

General procedure of the Defect Diagnosis is to be descriptive 
based on the requirements for data collection on the ultrasonic 
examination. An example is a requirements specified in the 
Article 4, Section 7, ASME as quoted in the following: 

(i) depth, (j) distance from surface, and length of the APPENDIX D - DATA RECORD 
FOR A PLANAR REFLECTOR 

EMO RECORDING DATA (SEE FIG. 
D-10) 

This Appendix represents an example of the data 
required to dimension a 120% DAC reflector found 
when scanning perpendicular to a weld. Figure D-10 
is an illustration of the maximum amplitude scan and 
tabulation of that data with additional scan data that 
might be taken on the reflector. 

(a) Position the search unit to give the maximum 
amplitude from the reflector. Read and record the 
maximum amplitude in percent of DAC,-

(b) Read and record the sweep readingjo reflector 
(at the left side of the indication on the sweep). 

(c) Read and record the position of the search unit 
with respect tc the reference line. . 

(d) Read and record the location of the indication 
at the beam center line intersection with reference 
line from the weld layout reference points. 

Move the search unit toward the reflector until the 
amplitude falls to 60% DAC (half maximum ampli
tude). Read and record the 

(e) minimum sweep reading and 
(J) minimum position 
Move the search unit away from the reflector past 

the maximum amplitude position until the amplitude 
falls to 60% DAC (half maximum amplitude). Read 
and record the 

(g) maximum sweep reading and 
(h) maximum position 
Data points (a) through (h) shall be read and 

recorded during the examination. Computations for 
B-40 POSITION CALIBRATION (SEE 

FIG. B-40) 

The following measurements may be made with a 
ruler, scale, or marked on an indexing strip.2 

{a) Position the search unit for maximum response 
from the '/47" hole. Place one end of the indexing strip 
against the front of the search unit, the other end 
extending in the direction of the beam. Mark the 
number 2 on the indexing strip at the scribe line 
which is directly above the hole. (If the search unit 
coMtti the senbe line, the marks may be made on the 
side of the search unit.) 

(b) Position the search unit for maximum indica
tions from the V^T and V*T holes. Keep the same end 
of the indexing strip against the front of the search 

reflector shall be made prior to completion of the 
examination report. 

Subtract the minimum sweep reading from the 
maximum sweep reading and divide by the sweep 
reading for one wall thickness and multiply by 100 
and record as 

(i) depth in % of t{t = weld thickness) 
Subtract the maximum sweep reading from the 

sweep reading for one wall thickness or use the 
minimum sweep reading, whichever gives the smaller 
number, and divide the number by the sweep reading 
for one wall thickness. Multiply by 100 and record as 

(j) distance from surface in % oft. 
Successively read and record data along scan paths 

at increments no greater than nine-tenths of the 

transducer (measured parallel to the scan increment 
change) at 60% DAC (half maximum amplitude). 
Continue scans until the maximum amplitude found 
at the end points of the reflector is(S0J^ DAC. The * 
length of the reflector is the distance between the end 
points measured at the reflector in inches (or mm). 
Tne length shall be divided by r and multiplied by 100 
to give length in % oft. The data tabulated in Fig. D-
10 is carried out on either side of the maximum 
indicated signal until the 30% DAC point is reached 
on both ends of the indication. It is only necessary to 
record the data to obtain the length 3.3 in. (84 mm) 
and depth, 10% of t. The first, third, and sixth lines of 
the data tabulation are all that are necessary to define 
the through wall and length of the indication in this 
example. 

unit. Mark the number 10 on the indexing strip at the 
scribe line. 

(d) Position the search unit for the maximum 
opposite surface notch indication. Mark the number 
8 on the indexing strip at,the scribe line. 

(e) The calibration numbers on the indexing strip 
indicate the position directly over the reflector in 
sixteenths of the V-path. 

(f) The depth from the examination surface to the 
reflector is T at 8, 3/tT at 6 and 10, «/27at 4, y 4 rat 2, 
and 0 at 0. Interpolation is possible for smaller 
increments of depth. This measurement may be 
corrected by the radius of the hole if the radius is 
considered significant to the accuracy of reflector's 
location. 



Position depth Position beam path 

FIG. B-40 POSITION DEPTH AND BEAM PATH 

T h e balance of (he calibrations in (his Appendix are written 
baied upon (he use of (he indexing strip However, (he 
procedures may be transformed for other methods of measure
ment at (he discretion of the examiner. 

A R I K l l 4 D I M E N S I O N I N G OF I N D I C A T I O N S r i g . I)-10 

FIG. D-10 REFLECTOR READING 
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DATA TABULATION FOR FIG. D-10 

w Ibl 

Sntcp 
Rtading 

(c) 

Saa'Ch 
Unit 

Position. 
in 

Id) 

Location, 
m 

U l CI) l«l (hi 
SOX DAC OR HALF 

MAXIMUM AMPLITUDE 

lil l|l 

%oic 

Computation or 

Ibl 

Sntcp 
Rtading 

(c) 

Saa'Ch 
Unit 

Position. 
in 

Id) 

Location, 
m 

Minimum Maximum 

Depth 

Owtanc* 
From 

Suriac* 
Computation or flawtu-n 

DAC 

Ibl 

Sntcp 
Rtading 

(c) 

Saa'Ch 
Unit 

Position. 
in 

Id) 

Location, 
m 

Snt ip 
R*admg Position 

Swup 
Reading Position Depth 

Owtanc* 
From 

Suriac* 
Computation or 

1 2 0 4 0 4 6 23 3.6 4.2 4.4 5.2 10 45 MS* 
3 0 4 0 4 6 2 X 1 3.8 4 3 4.3 4.8 5 4 7 5 *w 
5 0 4 0 4 6 21.7 0 SO 

9 0 4 1 4 7 23.9 3 7 4.3 4.3 5.2 7.5 4 8 H^ 
7 0 4 1 4 7 24.8 3.9 4 4 4.3 5.2 5 4 6 

4.3-3.9 4 1 4 7 24.8 3.9 4 4 4.3 5.2 5 4 6 8 0 

SO 4 ? 4 6 25 0 SO 

depth 10% of r 
4 ten*. 3 .3* . 

6-2) Evaluation of She Detected Indications 

The procedure to evaluate the detected discontinuities is specified 
in Section XI, AStfB as quoted in the following: 

ARTICLE IYVA-3000 
STANDARDS FOR EXAMINATION 

EVALUATION 
IWA-3100 EVALUATION 

{a}-Evaluation shall be-made.oC.indkations de
tected during an inservice examination as required by 
IWB-300O for Class 1 pressure~retiining components, 
IWC-3000 for Class 2 pressure retaining components, 
IWO3000 for Class 3 prewult retaining compo
nents, or IWF-3000 for component supports. 

(b) If acceptance standards for a particular 
component, Examination Category, or examination 
method are not specified in this Division, indications 
that exceed the acceptance standards for materials 
and welds specified in the Section III edition applica
ble to the construction of the component shall be 
evaluated to determine disposition. Such disposition 
shall be subject to review by the enforcement 
authority having jurisdiction at the plant site. 

IWA-3200 SIGNIFICANTIMGITS FOR 
LIMITING VALUES 

All observed or calculated values-of dimensions of 
component thickness and of indications detected by 
nondestructive examinations to be used for compari
son with the evaluation standards of rWB-3000, 
IWC-3000, or IWD-3000, whether obtained as deci
mals or converted from fractionsVshall.be expressed 
to the nearest 0.1 in. (2 mm) for .values Tin. (25 mm) 
and greater and to the nearest .0.05 in." (I mm) for 
values less than I in.' (25"mrnj'.TRouhding-off of 
values shall be performed irr accordance with the 
"Rounding-off Method" of ASTM Recommended 
Practice E 29-67 and Metric Practice Gu!*?e, E 380-72. 

http://fractionsVshall.be


IWA-3300 FLAW INDICATION 
CHARACTERIZATION 

(a) Flaw indications detected by the preservice 
and inservicc examination shall be sized by the 

bounding rectangle or square, for the purpose of 
description and dimensioning. The dimensions of a 
flaw indication shall be determined by the size of a 
rectangle or square that fully contains the area of the 
indication: 

(1) The length, /, of the rectangle or one side of 
the square shall be drawn, parallel to the inside 
pressure retaining surface of the component. 

(2) The depth of the rectangle or one side of :he 
square shall be drawn normal to the inside press ire 
retaining surface of the component and shall be 
denoted as, a, for a surface flaw, and la, for a 
subsurface flaw. 

(3) The aspect ratio of a flaw shall be denned by 
alt. The- flaw aspect ratio shall not exceed 0.5. (See 
Fig. IWA-3320-1, Flaw #3, as an example.) 

(b) Raw indications shall be characterized in 
accordance with IWA-3310 through IWA-3390. as 
applicable. 

IWA-3310 SURFACE PIJVNAR FLAWS 

(a) A continuous indication shall be considered as 
a surface planar flaw if the def.ted area of the 
indication is oriented primarily in any single plane, 
other than parallel to the surface of the component, 
and any portion of the indication penetrates a surface 
of the component, as shown in Fig. IWA-33IO-1. 

(b) A subsurface indication shall be considered as 
a surface flaw if any portion of the indication is equal 
to or less than the distance, S, from the nearest 
surface of the component, where S is determined as 
shown in Fig. IWA-3310-l. 

IWA-3320 SUBSURFACE FLANAR FIJVWS 

A continuous indication shall be considered as a 
subsurface planar flaw if the detected area of the 
indication is oriented primarily in any single plane, 
other than parallel to the surface of the component, 
and any portion of the indication is beyond a 
distance, S, from the nearest surface of the compo
nent, where 5 is determined as shown in Fig. IWA-
3320-1. 

IWA-3330 MULTIPLE PLANAR FLAWS~ 

(a) Discontinuous indications shall be considered 
as single planar flaws if the distance between adjacent 
indications is equal to or less than the dimension, S, 
where S is determined as shown in Fig. IWA-3330-1. 

fty.vThe rules ofIWA-33IOand IWA-3320 shall be 
applied-.to characterize multiple planar flaws as 
surface or subsurface planar flaws, respectively. 

(c)'rThe dimensions, a and €, of such multiple 
planar flaws shall be those of the square or rectangle 
that contains the detected area of all indications 
wi thin the proximity limi ts defined in (a) above. 

1WA-3340 NONPLANAR FIAWS 

IWA-3350 PARALLEL PLANAR FLAWS •' 

(a) Discontinuous indications whose- areas are 
oriented primarily in parallel planes, and other than 
parallel to the surface of the component, shall be 
considered as single planar flaws if the adjacent 
planes are within a distance, S, where S is determined 
as shown in Fig. IWA-3350-1. 

(b) The dimensions, a and c*, of such flaws shall be 
those of the square or rectangle that contains the 
detected area of all indications within the flaw-plane 
adjacency limits of (a) above as shown in Fig. IWA-
3350-!. 

(a) A continuous indication whose detected area 
i is not oriented in a single plane (such as two or more 

intersecting inclined planes, curvilinear geometry, or 
combinations of nonplanar geometry) shall be re-

! solved into two planar flaws by projection of the flaw 
I area into planes normal to the maximum principal 

stresses as shown in Fig. IWA-3340-1. 
(b) Therulesof IWA-3310 and IWA-3320 shall be 

applied to characterize the projected areas of the 
flaws as surface or subsurface flaws, respectively. 

(c) The dimensions, a and f, of such flaws shall be 
those of a rectangle that contains the projected area 
of the indication as shown in Fig. IWA-3340-l. 



IWA-3360 LAMINAR FLAWS 

(a) Planar indications oriented within 10 deg. of a 
plane parallel to the surface of the component shall 
be considered as laminar flaws, except where noted 
otherwise in referenced figures of IWB-3500. 

(b) The area of a laminar flaw shall be 0.7S times 
the area of the square or rectangle that contains the 
detected area of those indications that either overlap 
or are within a distance S of 1 in. (25 mm) of one 
another as shown in Fig. IWA-3360-1. 

IWA-3370 RADIOGRAPHIC EXAMINATION 
(a) An indication detected by radiographic exami

nation shall be considered to be a surface indication 
unless supplemental examination demonstrates the 
indication to be subsurface. 

(b) The supplemental examination of (a) above 
may be made by additional radiography, ultrasonic 
examination, or other methods provided they comply 
with the rules of IWA-2240. 

IWA-3380 ' MULTIPLE NONALIGNED 
COPLANAR FLAWS 

(a) Discontinuous indications that are coplanar 
and nonaligned in the through-wall direction of the 
section thickness, r,and with at least one indication 
characterized as a surface flaw, shall be considered as 
a single planar surface flaw if the separation distances 
5, and S2 between the individual flaws are equal to or 
less than the dimensions specified in Flaw # 1 of Fig. 
IWA-3380-1. 

(b) The dimensions a and / of the combined single 
flaw of (a) above shall be defined by the size of the 
bounding square or rectangle that contains the 
individual nonaligned flaws as delineated in Fig. 
IWA-3380-1 

(c) Discontinuous indications that are coplanar 
and nonaligned in the through-wall direction of the 
section thickness and characterized as subsurface 
flaws shall be considered as a single planar subsurface 
flaw if the separation distances 5 •, 5*, and S3 are 
equal to or less than the dimensions specified in Flaw 
#2 of Fig. IWA-3380-1. 

(d) The dimensions a and / of the combined single 
flaw of (c) above shall be defined by the size of the 
bounding square or rectangle that contains the 
individual nonaligned flaws, as delineated in Fig. 
IWA-3380-1. 

(e) Flaw interaction within a group containing a 
greater number of individual flaws than shown in Fig. 
IWA-3380-1, shall be governed by the same criterion 

ol (a) or (c) above. However, in all cases, the initial 
characterization of flaw interactions shall nut require 
a recharacterization even if the bounding square or 
rectangle reduces the separation distance. S, to 
another adjoining flaw to within the flaw interaction 
distance. 

IWA-3390 MULTIPLE ALIGNED SEPARATE 
FLAWS 

(a) Discontinuous flaw indications as shown in 
Fig. IWA-3390 that are coplanar in the through-wall 
direction of the section thickness, are located within 
two parallel planes Vi in. (13 nun) apart (i.e.. normal 
to the pressure retaining surface of the component), 
and are aligned to reduce the net section thickness, 
may be treated as separate and individual planar 
flaws if the following requirements are met: 

(1) the a dimensions for the flaw aspect ratio, 
alf of the individual indications do not exceed the 
allowable flaw indication standards for the respective 
Examination Category applicable to the component; 

(2) the additive flaw depth dimensions within 
the bounding parallel planes shown in Fig. IWA-
3390-1 are not in excess of the following limits:1 

'The flaw depth dimensions, a, and a, are the allowable indica
tion standards for surface and subsurface indications respec
tively 

fa) two surface indications, one a, on the 
inner and tlie other a2 on the outer surface of the 
component; (<i,-t-«:) -S {a,+ar)U within planes 
A-A'andB-B'; 

(b) two subsurface indications; (a, + a:) r^ 
(a, +aW2 within planes C-C and D-D'; 

(c) two surface and one subsurface indica
tions: 
(a, +aj) s»(a„ + a,)/2 within planes E-E' and F-F' 
(a, -i-a, -j-flj) * (a , +ar + a,)/3 within planes F-F' 
and G-G' 
(fl2 +aj <(a, +aJJ2 within planes G-G' and H-H' 

IWA-3400 LINEAR FLAWS DETECTED BY 
SURFACE EXAMINATIONS 

(a) Linear surface flaws detected by surface 
examination methods shall be considered as a single 
linear indication provided the separation distance 
between indications is equal to or less than the 
dimension S. where 5 is determined as shown in Fig. 
IWA-3400-1. 

(b) The overall length /of a single and discontinu
ous surface indication shall be determined as shown 
in Fig. IWA-3400-1, 
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ILLUSTRATIVE FLAW CONFIGURATIONS AND DETERMINATION OF DIMENSIONS,?. 2a, AND « 

FIG IWB 3330 MULTIPLE PLANAR FLAWS ORIENTED IN PI /\IMF NORMAL TO MAXIMUM STRESS 



NOTE: FLAW AREA SHALL BE PROJECTED IN 
PLANES NORMAL TO PRINCIPAL STRESSES 
TO DETERMINE CRITICAL ORIENTATION 

ILLUSTRATIVE FLAW CONFIGURATIONS AND DETERMINATION OF DIMENSIONS 2a AND t 

FIG. IWB-3340 NONPLANAR ELLIPTICAL SUBSURFACE FLAWS 



ILLUSTRATIVE FLAW CONFIGURATIONS AND DETERMINATION OF DIMENSIONS*, 2», AND « 
FIG. IWB3350 PARALLEL PLANAR FLAWS 
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8-3) HSC Bapoxt Bo.6 

Pressor. Teaael Baeoaroh Cosmittee (PIBC) of Welding Beaeaxeh 
Council (WBC), QSA,has TDK ProgrsarCoenincid in 1965 to r m i r c h 
the procedureo of diagaoaia of defects by tha ultrasonic aetbod and 
distributed to naneere eight speelswos baring natural flans In four 
butt welda and four nossle welds of boilar and prsssms Tsaaal ataala. 
Iha joint invaatlfmtiona u—•imil in 1968. the aaeand aaziaa of tha 
inveatlgation, "Bound lobin Test" had c r a i l nil in 1974 «ltb tha pro
cedures apaolfiad in ASK Coda Saetion H , Appandix 1. 
Plata Inspection Steering ConsJLttee (PISC), in tha Working Group on 
Safety Aspects of Staal Caapcsjsnts in Buclear Installations, 1975t 
bad a joint survey fox thxaa spsoiasns aappliad by tha FfBC. FEE 
had oTganiiad •asbers from UK, Holland, Belginu, Sweden, Tlsnsarfr, IB 
of Geraany, Prance, Italy, Spain and Finland. 
Japanaaa Pressure Taaaal Beeearch Cornell (JFTBC) bad organised in 
1977 snd Investigation Prograa to cranine tbraa apadnana for tha 
joint survey with tha PfBC and tba ijivestigation ia Just started 
I960. 
PISC Baport Ho.6 ia issued in April, I960 and a part of the results 
are Introduced in the following* 

Pxoceduxea eaployed in this investigation are eoaaerised aa 
follows* 

1. Modified PISC Proeednrea 

Yarlstiosa » Serai of aenaitiTity, Bean Angle 
Calibration Bloek t PISC Procedure 
Calibration Proeednre t PISC Procedure 

Particular Modification > 
a) Lower BAD cutoff (l<# or 20* BAC) 
b) i dB Drop (or 20 dB or 2 dB) 
e) Longitudinal Vara 70 degree 
d) ful l skip 
a) Both sides of the plate 

1 



2. National Standards or Procedures in the spirit of the 
PXSC Procedure 

Variations : Calibration procedure 
Sensitivity level 
Incidence angle 
More complete scan plan 
Examination both sides 

3 . True Alternative Procedures 

Tandem Techniques 
Contact Focussed Probe 
Immersion Focussed Probe 
Twin Crystal Probe 
Automatic Scanner 
P-Scan 

A part of the Report Bo.6 of PISC joint survey is shown in 
the following: 
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4-? The method of analysts :-
(a; Cor'act de t ec t i c r 

£ - t < 0 
3 : sepa-rati.on between two adjacent faces 
t : to lerance level - 25 -~ 

(b ) Defec t l o c a t i o n 

Er.Y= DY / ( T / 2 ) , ELX, ELZ 

(c) Defect oizir.g 

* abso lu te -irror 
AEX = 4X - JX. "JE 

* r e l a t i v e a r r o r 
ssx = ( ax - dx D 3 V dx DE 

s i z e fac to r 
I-'SX = 201 og ( A 7./ ^ X D g ) 

* r e l a t i v e e r r o r in a rea 
ESS = ( A"-/f> -AY^-AZ^V J T D E - J Z D E 

(d) Correct rejection 'qjq ?:: tince of a defeat 

DD Rejectable defect 
CR 

Acceptable dsfec* 
CA 

1 
0 

1 or 0 
0 

1 or 0 

4 . 3 . Presentation of the r e s u l t s 

( a ) 0 $ AZ ^ 10«nm 
(b) 10mn ' ^ AZ «» 15J4T 
( c ) 15%T < AZ S 7 

(all type of defects) 
(vertical cracksl 
(verticaL defects) 
(composite rejectable defects (d) 10mm ^ AZ -̂ T 

T is the plate thickaess and AZ the height of the defect 
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COWSTITUTIVt ELEMENTS OF TH6 PROCEDURES 
1 - AUTOMATIC SCANNING Or TMC PlAT£S 
J.MANUAL SCANNING Or THE PLATES 
3-USC OF roCUSSCO PROBES AS A N IMPORTANT C M A R A C . 

TMlSTlC OF THE PROC13URE 

• • TASCJW ric^NiO'vC (• > AS A MA:N CHARACTERISTIC or 
TN£ PROCEDURE 

7-US? Cf SPECIAL » » C M S ( T W I N C ' T S T A L , 7 0 » L 0 N G I T U D I . 
NAL, 1S*SnEAR W A V E S ) 

fc-NATlONAt STANOAUD 1* PROCEDURE IM THE SPIRIT or i • ' o S t ° ' SOPHiSTlCA-reo T E C M W C U E S (HOLOGRAPH* H I G H 
* 5 M C C O 0 f < r O » r 0 ! OR MANUFACTURING >*SPECTteNl ! " W * c y . * * ~ * SCATTERING, OCLTA, TRANSIT TIME, l 0 C U S 

S - H I G * E » SCWSnvE EC-0 TECHNIQUE l . ) T H A N AS-E [ ' -'Hl'WO" " C " K*" SiCIS Of THE »IAT£ 
CO0I AS A MAIN C H A » 4 C T « : R I V < ~ or fM£ »i»OC£5UR,£ I 

* POPULATION CIMENMCN IS J ' 

TA3LE ?5 
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Table 6.6.2. — National standards or procedures in the spirit oi ASME code 
(for PSI or manufacturing inspection) 
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fable 6.6.3. - Alternative techniques 
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The results on the Beport Ho.6 vers analyzed as followst 

1) In comparisons with the results between the PISC procedure and 
the true alternative procedure, it was founu that detectabllity 
and evaluated results were significantly iaproved by the true 
alternative test, specially in cases of the limit defects (Cate
gory "b", vertical crack 10am < ^ Z ^ ig£ T) and the composit re-
jeotable defeots (Category "d" 10mm < A 2 < I). 

2) The true alternative procedures fulfilled good deteetability on 
defects through thickness direotion, while the PISC procedures 
had the contrary results. 

3) By the true alternative procedure, employment of higher sensi
tivity and various beaa angles was the most effective methods to 
improve detectabllity for all types of defects. Results of di
mensioning of defects did not prove the correlation with the de-
tectability. 

4) Accuracy of dimensioning of defects was not conclusively discussed 
on the findings due to the facts that mentioned in the followingst 

a) Obtained defect dimensions were not closely coincide to the re
ferences but found much varieties in wide ranges. 

b) There are defeots not detected, or no dimensions were measured 
on some composit defects. Some defects (in cases of the team 
MP54 etc) were measured to be excessively larger than the re* 
ferences in all directions, but the dimensions In T, and Z di
rections obtained by them were the most accurate. 
The team EX16 had always the most accurate results in dimen
sions of X direction, but larger errors were obtained in T di
rections. 

c) Dimensioning ability may be correctly assessed by the measure
ments of the Category "a" defects (all type of acceptable small 
defects O ^ A Z < 10mm) and the Category n b n defects (smaller 
vertical cracks 10am < &Z< \% T). 



d) From the dimensioning result p on the Category "d" defects 
(composit resectable defects) and the Category "c" defects 
(larger vertical defects, I95C T < ^ Z £ T), it may not be 
said that these defects are not suitable for assessment of 
dimensioning ability, but detectability evaluation. 

5) Acceptance and Reject ion Criteria 

a) The larger vertical defects, the Category "c", were appro
priately evaluated by all teams. (See the column "c" in the 
Table 6.3.) 

b) Regarding the compoait resectable defects, the Category nd n, 
three teams (£216, JB29 and MF54) only had adequate evalua
tion. (See the column "d" in the Table 6.3.) 
These satisfactory results may be attributed by use of higher 
sensitivity, searching techniques in various directions and 
use of focusing probes. 

c) Some teams had results to reject the acceptable defects, "a". 
Some team had correctly accepted the defects "a", but they 
accepted also the resectable defects nb" and "d" by six of 
eight. 

6) Special Techniques 

a) High resolution 
The team, ES46, had the highest detectability with use of high 
resolution equipment, and it could not be a realistic procedure 
for proper evaluation due to a fact that such high resolution 
is not practicable ' >cause most of discontinuities In the base 
metal had been Indicated. 

b) Automatic scanner 
Six teams had performed the automatic scanning and the results 
were sons very satisfactory and some unsatisfactory. Some re
sults were considered to be confused with the base metal d i s 
continuities. 



8-4) Discussions on Defects Diagnosis 

Informations obtained by the pulse echo type ultrasonic examination 
are basically categorized into (l) positioning of reflectors, (2) 
amplitude of indication and (3) extent of area obtainable amplitude. 
The defect diagnosis is performed on a basis of these informations, 
as could, be seen In the foregoing paragraphs. 

a) Errors in estimation of reflector's location 
Reflector's location In specimens is estimated from the beam path 
distance, and the refration angle in case of angle beam method, in 
connection with the point of incidence. In this regard, position 
calibration specif led in the Paragraph T-433.I, Article 4, Section 
7, ASMS 1978 is quoted as follows: 

T-433.1 Sweep Range Calibration. If an> point on 
the DAC curve has moved on the sweep line more 
than \QF7r of the sweep division reading, correct the 
sweep range calibration and note the correction in the 
examination record. It"recordable reflectors (T--UI.8 
and T-441.9) are noted on the data sheets, those data 
sheets shall be voided, a new calibration shall be 
recorded, and the voided examinations shall be 
repeated. ; 

Prom the above, the 10^ of the sweep division reading;, for example 
10mm (3/8 in.) for 100mm (4 in.) beam distance, ia the maximum al
lowable error to measure the reflector's location. This value nay 
be significant error for accurate measurements. 
In caaa of planar reflector ia examined, the error In measuring 
beaa pain distance may be Taxied according to the aisa and shape of 
the reflector and the angle of incidence to the reflector as shown 
belowt 

Fig. 8.1 Planar Reflector Impinged by the Ultrasonic Waves 

file:///QF7r


b) Errors in estimation of flaw size from amplitude 

i) Reflectors smaller than the critical size (D c r ) 
For example, amplitude linearity of the instrument is speci
fied in the Paragraph T-522 (b) and (c) in Article 5, Section 
V, ASHE 1978 Winter Addenda as quoted in the following: 

T-522 Equipment Requirements for Other 
. Than Thickness Measurements 

(b) The ultrasonic instrument shall provide linear 
vertical presentation within ±5% of the full screen 
height for 20% to 80% of the full screen height (base 
line to maximum calibrated screen height). The 
screen height linearity shall be measured and 
recorded as required in T-431.1. 

(c) The ultrasonic instrument shall utilize an \ 
amplitude control, accurate over its useful range to 
±20% of the nominal amplitude ratio, to allow 
measurement of indications beyond the linear range 
of the vertical display on the screen. The amplitude 
control linearity shall be meas'ircd and recorded as 
required in T-431.2. 

On t h e o t b r r hand, the DAC correction i s specif ied i n the 

Paragraph T-433.2, Article 4, Section V, ASMS as follows: 

T-433.2 DAC Correction. If any point on the 
distance-amplitude correction (DAC) curve has de
creased 2()T or 2 dB of its amplitude, all data sheets I 
since the last calibration or calibration check shall be 
marked void. A new calibration shall be made and 
recorded and the voided exami .ation areas shall be ! 
reexamined. If any point on the distance-amplitude 
correction (DAC) curve has increased more than 2QPr 
or 2 dB of its amplitude, all recorded indications 
since the last valid calibration or calibration check 
shall be evaluated with the corrected calibration and 
their values shall be changed on the data sheets. 

From the above, the maximum error on the estimation of the 
size of a disc shaped reflector may be as follows: 

For example, a disc shaped reflector, 16/64 in. in dia. 
(6.35mm), made in the reference blooks specified in the 
Paragraph SA-609, Article 23, will be possibly estimated 
to be +, 0.3mm due to Instrument linearity and +, 0.7mm 
due to the acceptable SAC amplitude error. The errors 
may not be significant for estimation of the size of the 
discontinuities. 
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ii) Reflectors larger than the critical size (Dcr) 
Length dimension of the reflector is defined so as to be speci
fied in the Paragraph 7-441*8.2 (4)(b) of Article 4, Section V, 
ASME as quoted in the following: 

(c) Length Dimension. The length ot the reflector j 
shall be obtained by recording the position and 
location along the length of weTd as determined by 
SCFc of DAC for each end of the reflector 

Ibis may he interpreted to be the case (b) in Fig. 8.2 as an 
example. 

fig. 8.2 An Example of the Extremity Point of Discontinuity 

In this regard, a recent report made by T. Senda and S* Hiroee 
proposed to measure the defect length as follows. 
l) The extremity point of the discontinuity to be defined a 

place of the transducer to produce the amplitude signal 
-10 dB lower than the peaked signal in cases of velds. 



2) Multi-aiigle inning which is discussed in the Paragraph 
8.4 (e) is to be employed as shown below: 

Defect 

Fig. 8.3 Multi-Angle Scanning 

3) She estimated defect length is defined as the maximal 
length, Jc between the extremity points, which are obtained 
the most nearest point of -10 dB and the most farest point 
of -10 dB when the all measurements of the extremity point 
are completed. 

35mm 

-30 

- Scanning from A 
Scanning from B 

Scanning from C 
Scanning from D 

* - £ >» 
Fig. 8.4 Determination of Estimated Defect Length 

!Ehe abovementioned techniques have reportedly very aatio-
factory results on a let of Bample examination. 



- 192 -

c) Amplitude of indications produced by angnl ar Incidence 
Mode conversion at the reflected waves was discussed In the Para
graph 7*2. However, where the ultrasonic waves transmit to a 
planar discontinuity, the reflection is governed by more sophisti
cated rules, as shown qualitatively In the following Figures* 
In case of a straight notch, as a representative of crack, being 
examined at the comer, the reflection is obtained as if it re
flects at double sized planar reflector as shown In the Fig. 8.5 
and the amplitude of the signal will be significantly higher than 
the reflection from side drilled hole. 

m 
r^sT 

JW 
i \ ~ 5 

0.5 / 

13 -

-,3 -

-20 

10 

S 
Straight 
Botch (0) 

^^ K 6mm dia. 
'K. Side 

Drilled Hole 

Transducer: 5Z10 z 10A45 
Material: Aluminum 
Seam Path Length: 160 mm 

Pig. 8.5 Reflection from a Straight Botch 

The reflection from a planar reflector is schematically shown in 
Pig. 8.6 (a) and the reflection coefficient T>(Z) is shown in Pig. 
8.6 (b). 
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D(Z) 
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sin Z 
Z 

AS. . ^ . B i n ( 9 0 ° - e ) 

Fig. 8.6 Reflection from Planar Square Reflector 

d) Measurement of extremity point of planar reflector 
Where the ultraeonio beaa impinges the area of extremity point of 
planar reflector, more or less peaking of the indication is ob
served as schematically shown in Fig. 8.7* 

Crack Transducer - .tr...._ 

d = w. cos e 

Scanning Distance 

Fig. 8.7 Peaking of Signal at the Extremity 
Point of Planar Reflector 

The phenomena of peaking amplitude at the extremity point of 
planar reflectors was theoretically proved recently by Se Vadder 
and K. Kimura and confirmed by many Investigators. 
The following is an example to measure a depth of cracking oc
curred on the stainless steel cladding on plain carbon steel 
plate, reported by S. Takahaahl and his group: 



Transducer. 
^ 1 / 

• ' ? * • • • > 

Fig. 8*8 Determination of depth of cracks occurred on 
the stainless steel cladding on steel plate 

Fig. 8.9 Hicrostrocture at an area of cracking in the 
stainless steel over-lay clad 

L 

(a) I - 2 » 

St Signal Height 

(ftWHt SOma) (b) 

Hi Noise Level 

H u 
*(- 4.5 

Fig. 8.10 Example of presentation of peaking signal at 
the extremity point of cracks occurred in the 
stainless steel over-lay clad 

For the abovenentioned investigation, double crystal longitudinal 
wave probe was used as shown In the Fig. 8.11. 



J.-J. --w 

Wedge 
Transducer Frequency: A MHz 

Fig. 8.11 Double Crystal Longitudinal Wave Probe 

The results were reportedly found to be satisfactory measurements 
of about 12mm for the average actual depth of 14sm. 

e) Tomographic technique of the ultrasonic examination by using the 
pulse echo type ultrasonic instrument: 

To obtain images of cross section of discontinuity by the common 
pulse echo type ultrasonic instrument, comprehensive investiga
tions vere carried out by T. Senda, S. Hirose and their group and 
some successful results will be introduced in the following: 

l) Modeling of natural flaws in welds 
For theoretical and practical treatments of the discontinuity 
indications, natural flaws commonly found in the welds are 
classified as follows: 

Type of Flaws Model Flaw Dinens. 

Spherical 
Flaw 

porosity sphere 1.5- Bno dia. 
ts 

lack of fusion 
(curved surface) 

side drilled 
hole 

2 - 10mm dia. 

Planar 
Flaws 

lack of fusion 
(prolongated 

along weld) 

band shaped 
reflector 

1 - 4cn width 

crack 
(less length 

along weld) 

disc shaped 
reflector 

2- 4.5ffla dia. 

t, 
Table 8.1 Modeling of Natural Flaws 
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li) Scanning techniques 
Various beam angles, each 10° (6-40°, 30°, 60°, 70°), 
double search unit techniques and through transmission 
techniques are employed as shown in Fig. 8.12. 

L_i 
9-4o:5o:soi7o* 

2L 
-¥-* Y-dsinfl+dY 

-T QT+QR 
6 a 2 e 

6r + 0R 
2 

&T i Transmitter's beam angle 
OR t Receiver's beam angle 
Y r * d-» tane + AY 
YR = (ZT-d) • tan e+AY P l g # Q # 1 2 

Y T = dL. sin 0 - AY 
Y R « d . sin 6-AY 

ill) Errors in estimation of reflector location 
a) Accuracy in measurement of beam path distance 

Errors in measurement of the beam path distance are gene
rally caused by (l) linearity of the time base, (2) read 
out " 4 T H " " ™ scale and (3) reading errors* 

b) Errors in estimation of reflector location 
Errors in estimation of flaw location are caused by (l) 
errors in measurement of probe position from reference 
line, <4YA , (2) ma-riclng error of Incident point, AA, error 
in measurement of the beam path distance, d , and errors of 
the beaa angle, A 0 , as schematically shown in Fig. 8.1J. 



.i s; 

LiX-T" Probable Area in Error 
Y, Y. 
Fig. 8.13 Illustration of Probable Errors in 

Measurement of the Reflector Location 

c) Errors due to Inclined reflector 
Maxlumn amplitude nay be obtained from the inclined re-
fleotor at a location deviated froa the beaa axis, as 
shown belowt 

Actual Location of 
Reflector 

Estimated Location 
o.f Reflector 
Fig. 8.14 Directional Characteristics of the 

Reflected Waves 

However, if various beaa angle is available in use and the 
maTlmnn amplitude froa the reflector is selected for evalu
ation, the above error may beooae small enough to be dis
regarded. 

d) Configurational error of specimen 
Errors in estimation of reflector's looation may be born 
from configurational error of specimen as follows t 

Fig. 8.13 Confl&arational Error of Specimen 



Proa the abovementioned, It should be emphasized that de
fect diagnosis requires to obtain the measurements with 
errors to be ainioal. 

iv) Target reflectivity 
As discussed in the Paragraph 4.6, the relative amplitudes 
of indications are the function of the target reflectivity 
on the various shaped reflectors (model reflector) as given 
by the equations and diagrams shown in the Appendices. 

v) Hypothesis for conditioning of measurement 
Where a defective area is examined by various beam angle, 
double search unit technique and through transmission tech
niques, by these multi-angle scannings, multiple infozna 
tions are obtained for a reflector location and reflection 
amplitude. In such case, the followings are hypothetlcally 
used for the treatments: 

(1) Where the locations of reflectors are estimated in a area 
within the probable error, it is considered to be from 
one reflector represented by the highest amplitude. 

(2) Reflectors produce the signal amplitude less than those of 
signal amplitude from a flat square reflector, one sq.mm, 
are disregarded as a small reflector or inclined reflector. 
The flat square reflector, one sq.xnm, perpendicular to the 
beam axis is defined as an "unit reflector". 

(j) A flaw or flaws are a polyhedron constructed with the unit 
reflector (one sq.mm). 

vi) A typical example of tomographic technique 

a) The angle transducers were designed at this time to have 
the same beam spread for each angle of refraction, 40°, 50°, 
60° and 70°. The double search unit techniques and through 
transmission techniques were also employed for the multi-
angle scannings* 



Fig. 8.16 Multi-Angle Scannings 

b) A side drilled hole, 5.2am ( l / 8 in . ) in dia. was used as a 
reference reflector. 

c) A veld specimen was examined by the angle probe, 0 = 40 » 
and obtained a discontinuity indication at a beam path dis
tance, 59mm, to fan amplitude to be minus 0.5 dB from the 
amplitude of reference reflector. It was recorded that 
Hp - H / 5 . 2 = - 0 . 5 dB. 

d) The amplitude, H^5.2, from side drilled hole, 3.2mm in dia. , 
was converted to the corresponding amplitude, from the unit 
reflector ( l eq.mm), Ho» , with use of the Diagram shown 
below: 

-> Beam Path Distance 

Diameter of 
Cylindrical 
Beflector 

Fig. 8.17 

Prom the above Diagram, the conversion factor, H D| - H /3.2, 
at the beam path distance, 39*»f was obtained to be - 8.0 
dB. (Ihe conversion factor diagrams are obtained by the 
equations shown in the Appendix.) 
Consequently, the amplitude of signal from the discontinui
ty is converted to the relative amplitude to be B> - H a | a 

-0.5 + 8 = 7.5 63. 
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•) The value of the relative amplitude is plotted on a disc 
diagram aa show in Fig. 8.18. 

Plot J.5 dB - ~ | 

| The radial scale: 
Relative amplitude 

Bie umber in ( ) are show
ing the relative flaw values 
which are the square root of 
reflector's area, snlt ipl ier 
to the unit reflector. 

Tig. B.16 Relative Flaw Talus Disc Diagram 

By the similar procedure, the relative amplitudes obtained 
by the aalti-Bcaxming technique were plotted. 

R«.fwm<njr Ankle 0 Hp-Hifo.2 H°i - H^.2, B>-Bai 

From 
Inside 

50° 
60° 
70° 

- 0 . 5 
+ 4.5 
- 6 . 5 
-11.5 

- 8.0 
- 8.5 
-10.0 
-11.5 

7-5 
13.0 

5.5 
0 

Relative 
Flaw Value 

1.5 
2.2 
1.2 
1.0 

For example, the relative flaw value 1.5 is obtained as a 
product of 7*5 dB-* 2.37 tines and \/2.37»l«5. 

f) The plotted relative amplitudes less than 0 dB in the Disc 
Diagram was disregarded in accordance with the hypothesis 
C2). 
A peaking aaplitude in a region is considered, in accordance 
with the hypothesis (l), to represent the reflection at a 
right angle and to show the direction of beam axis impinging 
the reflector perpendicularly in a error less than 2A9 
(where theAO is the angle deviated from normal). 
The relative flaw value in this case is 2.2 as shown outside 
of the Disc Diagram. 



g) The relative flaw values ut each mn-rtmrnn amplitude are ob
tained as shown in the Fig. 8.18, and the amplitudes other 
than the maximum in a particular region are disregarded on 
the assumption that the sound beam impinged the reflector 
in an inclined direction as per the hypothesis [_lj. 

h) Each component, shown by a straight line with the relative 
flaw value in length of mm, is connected each other to form 
a polyhedron or a part of polyhedron as shown in Fig. 6.19. 

(a) A Tomographic Image (b) Corresponding Flaw 
Drawn by the Relative Shown by a Section 
Flaw Values Macro-Etch 

Fig. 8.19 An Example of the Tomographic Image 

The aboveaentioned Tomographic technique is a quite new one 
reported in Kay 1979 and May 1980, but has shown many satis
factory results obtained by laboratory investigations and 
the technique is under discussions for recommendation as a 
non-mandatory requirements for Japan Industrial Standards, 
JIS Z3O8O, Method of Ultrasonic Angle Beam Testing and Classi
fication of test results for Aluminum Velds. 
As could be seen in the discussions in .he foregoing para
graphs, the defect diagnosis may require improvements of the 
techniques to eliminate errors in measurements, the scanning 
In many direction as possible and appropriate procedures of 
Data analysis. 





AFPEHDICES 

1. Relative Amplitude based on the Reference reflectors 

For single probe scanning 

where, 

fas* 
TIP : 

/is : 

Target reflectivity of flaw 
Target refleotivity of reference reflector 
Reflection rate on flaw surface 
Reflection rate on reference reflector surface 

AF 0* For double probe method : 7- =» 
fts Va-s fis 

where, P^F : 

As : 

Received sound pressure from reflector 
Received sound pressure from reference reflector 

The target reflectivity of various shaped reflector for angle beam 
method are given by the Table 1. 

Table 1 

Reflection 

Perpen
dicular 

Square 
corner 

rt* < 1 

*"&& ctor 
Disc 
Dia.: t D 

Rand Width: te Length: oo 

Side drilled 
hole 
Dia.: £H Length: t-

Sphere 

Vertical hole 
Dia.* £„ 
Depth: t [ / 

Parallel sided 
notch 
Depth: tn 

t± t cr 

K tp 
4A£ 

4*r H2 

I \nti 
AM 

Is 
Al 

tv \Tlt 
WU'BljaQ 

mil- Bind 

t ^ tcr 

1 
7 

1 
2 

'4£12 

ts 

'40 \2 Vsine 

1 I 

/ 
# 

•4k? 

- * K - ^ 

^ L ̂  

5 
^ ^rn ]£ 

JUL* 



Target Reflectivity by Tandem Scanning* 

Band shaped reflector (fB< tcr(%)) 

ICJL 
P, 

,^ -,.:./.f««n ŵ /,.:_/_i^» rS-2 s,ni ̂ irj-^'n^/r)*^ 2 s,ni z it^)) 
Disc shaped reflector (-tp^tcrW) 

^'MtiB**^)^ -(-2

4£) •2 - ( - iVS 

Side drilled hole Pen I / ***•' \ ' " s i n g U f <*t* "V 

Vertical dri l l hole fax. - A .:../ 4<*'' 1 * /isinf-'*•)- , y a 

Spherical reflector *cs A • / *d?\ 's Si* 8 „ A • Z1 4<<A 's I 
F7 = / 2 s , n lTTJ7) -T^ x / 2 s , n t 2X fW-777^ * : : ! 

Vertical face reflector (oo) ( ^ 4 l ) 

^ - A*4nTJ7+77>} V M T T S W T ) - } 

Critical Size 

Band reflector , c r ( t f ) . - 1 ^ / j i / #»sin 

4*1 Vl ^W^y} 
L 2 s i n ( lI7?) 

L A^T /' ( 2 r - H ° 
sin0*Vc«9 / 2~r 

Spherical reflector * „ , / </ fiM^K 

Where, T s Thickness of speciaen 
d i Beam path distance 

2d/t 2d% i Projected crystal size (height and width) 
\ t Ware length 
JL-\ i Transmission path length {Ir^cL/cotd) 
£R i Reflection path length ( & - (2T-4/cose) 

/"«, to, tH t Size of reflectors 

0 i Beaa angle 
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Fig. 1 Signal amplitude correction diagram 
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Fig. 2 Signal amplitude correction diagram 
(5 MHz, 10x10 mm, 0 a 70° angle probe) 
(/L =0.646 ma, ^ = 0 . 5 ) 



2) Relative Amplitude 
2.1 Relative Amplitude baaed on the Unit Reflector (one sq.mm) 

For single crystal method: 

H F-H D, = ( H F - H H w ) - (MDl-H<f,tri) (dB) 
measured correction factor 

For double probe method: 

H F-H D, =. ( H F - H V ) - (H n,-H v) (dB) 

measured correction factor 

For correction factors are given by the following equations! 

For smaller reflector (f»tcr) 
Single probe scannings 

Hn. - H K H . 20 log \l-jfftH 

Tandem scannings 

\Jsin ( ^ g ) • sin ( ^ f ) 

fl a / 

r„ 
T scanning 

file:///Jsin


2.2 Relative Amplitude based on the Unit Band Refleotor ( l m V z o o L ) 
For singla crystal methods 

H F - H B | = ( H F - H n J - (H B I - H 4 , t ( | ) (dB) 

measured correctior. factor 

For double probe methods 

H F - H B | = ( f l > - H v ) - (HB, - H v ) (dB) 

measured correction factor 

For correction factors are given by the following equations* 

For longer ref lectors ( t > tcr) 

Single probe scannings 

r H 8 ; - H ^ = 2 0 1 o g ^ ^ j -

Trandem scannings 

A I s l n a e QOB9 7 
M KJZB-2) ' 8 i n V H 6 , - H v = 20 log 

2^/Jcos6 
Act ) tr mi 

^ Bin {-£$—) rn 

V scannings 

H e / - H v = 20 log 
\\ cos^e " /2^^cosev ~ /^icosOx 

^jcosOx Aj s i n ( f f S 2 ) . s in ( ^ f 2 2 ) 

Dimension of the ref lector i s defined by the following equations 

l&' 10 
H P - H B / 

20 
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2.3 Examples obtained the Correction Factors 
Pro* equations shown In the Paragraphs, 2.1 and 2.2, diagrams for 
Correction Factors were obtained as examples as follows: 

(a) Single Probe Scanning (c) 7 Path Scanning 

(b) Tandea Scanning 
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(b) Tandem Scanning 
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PABT II 

AUTOMATIC AMD HEMOTB CONTROLLED ULTRASONIC EXAMINATION 

I Automatic and Beaote Control Sretea 

The automatic and reaote control systems of the ultrasonio examina
tion axe rapidly improving in thoae days covering very wide ranges 
of industries with much varieties in applications. The automatic 
system of the ultrasonio examination is, herein, defined as a system 
of the ultrasonic examination capable 

1) Mechanical operation of the probes 
2) Automatio records of the test results and data processing. 

The purpose to employ the autoaatio and remote control ultrasonic ex
amination may be sumaerized as follows: 

1) Elimination of operational varieties and personal errors caused 
by manual examination. 

2) Manual operation of the equipment is difficult or impossible to 
perform. 

3) Saving manpower or reduction of working time. 

4) Accuracy of records, and enlarging capacity of data processing. 

5) Automatic analysis and evaluation of the results by compute
rized system. 

The application of the automation of the ultrasonio examination has a 
lot of varieties depending upon the test materials, environmental con
ditions, costs, techniques and required data: each system may have 
own characteristics due to each situation to require the automation. 

In spite of difficulties to have total discussions of the automatic 
system, it may generally be composed with subsystems as shown below: 



1) Mechanical operation of the probe or probes and remote 
control. 

2) Capability of the probes or transducers adequate to the 
automation. 

3) Automatic supply o* tie couplant. 

4) Automatic gain control. 

5) Automatic adjustment of the equipment gain for specified 
working sensitivity. Automatic Distance-Amplitude Cor
rection. 

6) Self-checking or monitoring system. 

7) Ultrasonic data processing system. 

8) Applications of B-soope, C-soope, Qnasi-three dimensional 
display system. Acoustical holography, Frequency analysis 
etc. 

II Systems of The Automatic and Remote Controlled Ultrasonic Examination 

2-l) Automatic and remote controlled operation of the probe or probes. 
The probe shall be hold in contact with the test surface with 
appropriate pressure, or to be kept in a specific distance from 
the test surface (immersion method). Oscillating scanning, 
transverse movement of the probes,' angular oscillation, and pitch 
and catch technique etc. shall be performed by mechanical method 
in a manner as smooth as manual operation. Hundred percent 
coverage the specified test area is required. Location of the 
probe and direction of the ultrasonic beam shall be exactly moni
tored and recorded. Installation, replacement and repairing are 
to be easily carried out. 

a) Automatic ultrasonic examination for steel plate in Steel Hills: 



Forty or Fifty straight beam probes lined up for gap method 
acoustic coupling to the steel plate. The steel plate 
travels longitudinally underneath the probes. Sensitivity 
calibration of one equipment can be coincide with other 
channels of equipments. Bate processing is carried out by 
computer and the resu..ts are displayed by monitoring TV and 
TTE for print out. Acceptance and rejection are also de
cided by automatical manner by computer. 

Trot.. holJ.r 

l.mmtnHwm, 

C : h.\rrtrnnir g4tr / , u / , , : Trigger I rv f l 

Kijf . P u l t e echo technique with double 
fc.A crysta l probe 



b) Automatic ultrasonic examination system for Electric Resis
tance Weld Steel Pipes in Steel Mill. 
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The system is characterized as follows: 

(l) Jet water couplant, (2) Angle probe, (3) Scanning both 
sides of welds, (4) Automatic gain control, (5) Devices 
adjustable refraction angle and beam path distance, (6) 
Chain conveyer to drive the pipes, (7) Automatio recorder 
and marker (for defeotive part of the specimen). 

c) Automatic ultrasonic examination system for girth welds of 
pipe line. Gear box travels on a circular trade set on the 
pipe parallel to the girth weld, 0-1.0 m/min. in velocity. 
Two probes are used at one time. 

Applicable Pipe Size 400 - 800 mm dia. , 8 - 15 on in 
thick. 

Gear Box : Size 340mm L. x 360mm V. x 170mm H. 
24 kg in weight including balance weight 
Probe drive motor EC 12 V 
3 Potentiometers (Monitoring system for trans

ducers, one for a location on 
the girth and two for distance 
from the weld) 

Bemote control by control box 

CRJ~. 
<••: > & •<?• 

S>offUlt\ 

DispUy p$f>re>be 
po'slcfa 

t f r j£E^ 
U/eU 

Fig. 2.3 UT System for Girth Weld Examination 



Fig. 2.4 
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o. 5 x * » y 

( 
7 'J > * 
a « * PS 

Printer IRAKI 
rami 

X 

0 4 

339 

KO 

o. s A * / r 

I I I I I 1 I 1 I i 
I I I I 111 I11 
I I I I 111 I I 1 
1111111 a n 
11I1111 i i I 
I I I U l l 11 I 
1111 I I i I I t 
I I I n 11 i n 
1111111 i t t 

Amplitude 
£ » S S W Becord 

Fi«. 2.5 



d) ISI System of Beactor Pressure Vessel 
Because manual, ezaalnatlon is not available due to narrow 

• spaces of the work site and exposure to higher Intensity 
of radiation, remote controlled examination is primarily 
required for 300 or more places to be examined at one peri
od of the ISI of the ncolear power plant. One of the ISI 
remote control system is shown belowt 

Fig. 2.6 ISI System of SUTABS 
0 1 I S I s / x f - A R A E g 

Tracks are Installed at various locations of the reactor 
vessel as shown in the Fig. 2.6, and #ear box travels on the 
track to operate probe scanning by remote control system. 
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SUTABS (Search Unit Tracking and Recording System) developed 
by South Vest Institute, USA, is employed for data processing. 
(This will he discussed later.) 

e) Automatic and Bemote Control Systea of the Ultrasonic Examina
tion for Piping in Buclear Power Reactor Vessel (TOSHIBA). 

This system is applied fox ultrasonio examination of welds and 
near weld area of austencitic stainless steel piping (3 W in dia. 
or otht>r sizes) Installed in the reactor vetael. 

Fig. 2.7 



Criculatiag System of 
Couplant 

Fig. 2.8 

Applicable Pipe Siae : 3B 
Operation of Gear Box : Gear box drives on tracks installed 

longitudinally or circumferencially to the pipes by 
single operation. The gear box is made of two sepa
rated parts, motor driven, loaded with pulse trans
mitter, and probe scanning apparatus with use of slid
ing unit for oscillation to a distance 50nm (2">. 
The probe location is controlled in accuracy of 0.5nm 
by the pulse motor DC 24 V and digital record output 
is available. 

Automatic Supply of Couplant : Water is used for couplant and 
circulating by pump 

Scanning Pattern : Circumferencial and longitudinal 

Fig. 2.9 

Scanning 



Transducer : Longitudinal Probe, 2 MHz 20mm in size (max. 
bean path length ia approx. 50mm (2 M) for examina
tion of austencitic stainless Bteel 

Shear Wave Probe : 2.4 MHz, 10 x 10mm in size, refraction 
angle of 45 and 60 
Double Cryatal Probe for straight beam method, 4-0 

MHz 

Scanning Velocity : 1-15 ma/a for circumferencial 

0.2-1 na/s for longitudinal 

Device Size : 220 ma in dia., 180 ma in height 

Recorder : Pen recorder 
900 fe-

-JL ••^•J-V 
#>'-. 

y 

'N t: 
•{-. 

Reference Block 

-rf-

T" 

Pig. 2.10 
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of Weld j; • 
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—r? Circumferenoial 
a 7 Pen Recorder 

B Side 



2-2) Probes for Automatic Examination 

Recent Improvements made on the probes are categorized as follows: 

1) Developementa to employ new pieaoelectric materials to im
prove higher efficiency of electric mechanical energy con
version, and stable output of acoustic energy. 

2) Developments new application of various types of the trans
ducer, achieving new principles and techniques. Some new 
type transducers are introduced here: 

a) High Resolution Transducer 
Distance resolution is generally depend on continuation 
period of pulse, Q of electric oircuit, damping of trans
ducer, frequency characteristics of amplifier, and dynamic 
ranges of amplifier and oscilloscope. The pieaoelectric 
ceramic transducers with less time of ringing, and higher 
efficiency of dampers conbined with damping material and 
sound absorber to compose the probes are required to ob
tain higher resolution. Recently improved high resolu
tion transducers are of those which higher damping with 
broad band (broad range of frequency) is employed and is 
called "shock wave type transducer" and possibly resolve 
multiple bottom reflections from steel plate 0.15- 0.25mm 
(0.006 -0.01") in thickness. Application of these type 
transducer is expanding to industries of air craft, space 
rocket and some of atomio energy industries. Problems of 
this type transducer are, at this moment, lower sensitivi
ty and poor amplitude linearity. 

J JI/lA/v— 

n .At/A.SlO 
Oscillogram of Ordinary 
False 

Oscillogram of High Damped 
Pulse 

K (T) 



b) Focusing Probes 

Typical Focusing probes as follows: 

U2k Wi 
( • ) 

Spherical Concaved 
Crystal 

00 
Reflection Type 

(c) 
Acouatio Lena Type 

l) ipherically concaved crystal focusing probe, Fig. 2.12 (a). 

Advantages of this type probe are that the sound path is 
simple and ahor*- In wedge and smaller size is available. 
Disadvantage ie difficulty to fabricate concaved crystal 
in true spherical faoe. 

2) Reflection type focusing probe, Fig. 2.12 (b). 

Advantage of this type is easy to fabricate the flat faced 
crystal and outside curvature of the wedge, but, longer 
sound path in the wedge and larger size of the probe are 
disadvantage. 

3) Focusing probe with use of acoustic lens, Fig. 2.12 (c). 

Smaller size is available. The flat faced crystal and 
longer focal distance are advantageously used. Interface 
between the lens and wedge reflects disadvantegeously the 
sound. Material of the lens and fabrication of the con
caved lens are expensive. 



Immvrskm T»nk 

Oamping Material *f? Ler £_£. 

Fig. 2.13 Instrument for Measuring 
Sound Field 
(by Y. Iahii, M. Onozava, 

£. Sayaaa) 

Wetfg* Tr»n*duc»r 

Fig. 2.14 Conatraction of Focusing 
Prcbe 
(bj Y. Iahii, H. Onozava, 

R. Sayama) 

Pkpto 1 

o3£L£yPro»» Focusing Probe '»"*• 3 Focusing P-» 
(2.35 MHz, 2<?-^; C2.7tHHi, io™*) (2"H«, 20*"*, 0-8*) 

fw™ 4r Focusing P- x 

Fig. 2.1^ Sound Fields by Ordinary Probe and Foousing Probe 
(by Y. Ishii, M. Onozava, B. Sayaaa) 



c) Improvement of SN Ratio 
For examinations of austencitic stainless steel and its veld-
ment and casting etc., it is required to improve SN ratio. 
Approaches for the improvement of the SN ratio are made by: 

l) Narrow width of the beam produced by focusing probes. 

T 
i 

^ 

® ®- ® 
Fig. 2.16 Sound Field 

and SN Batlo 

(T) Wide sound field may cause 
much noise. 

(|J) In near zone, noise may be 
constant. 

(3) Barrow sound field produced 
by focusing probe may not 
much noise because the sounds 
pass in a smaller volume. 

2) Use of longitudinal wave angle probe. 

3) Double crystal probe having a focus at the most appro
priate distance. 

@ Crystal 
(2) Acrylic wedge 
(3) Focal point 

(Neom»net al.) 

Fig. 2.17 Fitch and Catch 
Angle Probe 

4) Different frequency transducers arranged to concentric 
circles. 

1.8MHz 

(Greb«ifl*ov) 

Fig. 2.18 
Concentrio Circled 
Multi-Crystal Probe 



d) Higher temperature service probes 
Some probes can be used for a very short time at 400 - 600 C 
and other probeB can be continuously used at 200 - 250 C. 
The typical structures of the probes are as follows: 

,-l-L, Probe 
Delaying 
Metalical 

l / / Couplant 

Specimen at High 
Temperature 

Fig. 2.19 

@ MI cable 
(2) Insulation 
(5) Spring 
(4) Semper 
(j) Crystal 
(6) Couplant 
© Casing llll II 

Ultrasonic Wave 
Higher Temperature 
Survice Probe for 
Nuclear Power Generating Plant (by Uesugi and his group) 

e) Electromagnetio acoustic transducer (Electrodynamio senser) 
The ultrasonic waves are generated by electromagnetio force 
at metal surface with use of magnets and electrio coils, pro
ducing Lolanz force. 
' Type A 

Type B' Type C 
(a) Electromagnetic Acoustic 

Transducer 

:u is 
X-Mode Y-Mode Z-Mode 

(b) 

Fig, 

Type A; 1 Axis of symmetry 
2 Magnetizing coil 
3 Center pole 
4 Outer pole 

Type Bj 1 Axis of symmetry 
2 Magnetizing coil 

or magnet 
3 Center pole 

Type B't 1 Axis of symmetry 
2 Magnetizing coil 

Type C: 1 Magnetizing coil 
or magnet 

2 Magnet 

Eddy Current Detection Coil (g) 

Eddy Current ^ 
Generating Coil 

•V1 V'J (2) ^^1 

(c) Various Types of Coils 

1) 

2.20 



These transducers i:re used without contact with tne sur
face of test specimens and no use of couplant and very 
•jseful for examination of higher temperature material such 
that hot slabs in a process of steel making. 

f) Immersion Tire type probe 
The probe is Installed in a tire type enclosure filled 
with couplant and the tire is rolled on the test surface. 
The beaa angle is remote controlled. 

0 fiamote control syst« 
(D Pressurised liquid 
(D Crystal 
(J) Rubber tire 

Fig. 2.21 ion Tire Type Probe 

g) Water jet type probe 
The jet water is applied to the test surface from a nozzle 
contained the probe to keep very accurate distance from 
the transducer to the test surface. 

lm/s 

(T) Probe 
(2) Water 
@) Hectifler 
0 Hoazle 
(D Water 
(6) Prsoooling water 

Pig. 2.22 Water Jet Type Probe 



3) Automatic Supply of The Couplant 

In the most cases of the automatic ultrasonic examination, the 
automatic supply of the couplant i9 required. Many varieties 
are fouLd in the automatic supply method: jet water, circulat
ing container, automatic supply blush and so on. 

4) Automatic Monitoring System of Acoustic Coupling 

The first bottom reflection, if available, is used in most cases 
for monitoring of the acoustic coupling. The echo-signal height 
of the first bottom echo is monitored by data processing system 
in conjunction with the equipment. A typical nonitoring system 
of the angle probe is shown below: 

(l) Normal transducer for checking of 
acoustio coupling 

(2; Angle beam transducer 
(3) Aclyric wedge 

Fig. 2.23 Acoustio Coupling Check System 

When the coupling is not satisfactory, alarm system, record system 
or stopping the examination are to be automatically operated. 

5) Automatic Calibration of Sensitivity and Automatic Distance-Ampli
tude Correction 

Manual and electronical calibration is performed, with use of 
standard reference test blocks as specified for the manual ultra
sonic examination. Where a considerable number of the probes is 
working at one time, sensitivity of all equipments are calibrated 
electronically at one time coincident with calibration of one 
equipment. 

,® 
®~CE 



2-6) Signal and Data Processing 

The DAC i s e lectronical ly established. 

The signal processing may be categorized as follows: 

a) On-off s ignals 

When the receiving signal exceeds a speci f ic l e v e l , e l ec tr ic 

voltage or e leotr io current i s output for a speci f ic t ine . 

The on-off output shal l be normally in i 5$ of the specif ic 

leve l and VJfc hysteres is . 

b) Analogue signals 

Electric voltage or current is output proportionally to the 
echo-signal height. Analogue signal shall be normally re
quired to have linearity of ± 5#, drift of + jfc of full scale 
and dynamic range of more than 20 dB. 

c) Digital signals 

The echo-signal height is quantumized and output by digital 
signals (numerical values). Errors of the qoan'mmized range 
are normally to be less than ± 5^ of full scale. 
Recording systems of the obtained data are categorized to be 
the following processes: 

l) Event Record System 
The on-off signals are recorded by recorder. Event re
corder, X-T plotter, storage scope, facsimile, and CRT 
character display etc are used. 

LA 
+* Flaw\ 

TTT 
ii i n : 
1 1 i K - * 
I > i 
1' 
I I • 
I I I 

® 
(T) Event records 

Fig. 2.24 Event Record System 



2) Analogue Record System 
The analogue output is recorded by the recorder. 
Chart recorder, X-Y recorder, disc recorder etc. are 
used. 

r 1^-^ 
I ±rb^- =1 A_JL 

- Scanning path with 
n~ 

v f 
4 3 2 1 

Scanning Pattern 
4 3 2 

Record 
Fig. 2.23 Analogue Recording Syst< 

3) Digital Record System 
The digital output is recorded by the recorder. Digital 
printer, X-Y plotter, multi-pen recorder, line-printer 
and CRT character display etc. are used. 

X 

\ 001 

Y 

01 2 0 

rho hc»i<ht X 

\ 001 

Y 

01 2 0 oooo 
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» 1 006 C l j 0 COO 7 
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cooC 

~~ / en 013 0 CO1*-? 
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012 

0 
0 

oco6 O i l 
Ol'f 

Cl1* 
012 

0 
0 oooo 

0 1 ? 
016 

012 
012 fL ccOO 

coco 
Coupling Cheek — fL Coupl ing 

Not Satisfactory 
Pig. 2.26 Digital Record System 

4) A-Scope Wave Recorder 
The analogue or digital output is intermittently con
verted to record the A-scope wave. 
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Fig. 2.27 A Scope Ware Recording Systea 

5) B-Scope Record System 
The on-off, analogue or digital signals are converted 
to display the differentiated brightness depending on 
the echo signal height, and recorded. The time base 
is the similar with the A-scope 

T-7 !i 

Fig. 2.28 B Scope Becord Systea 

In spite of scanning of the probe, phased array lined 
up numerous small transducer with differentiated wave 
phase is used to display B-ecope. 

(T) Reflector T> 
(2) Reflector Ti 
(3) Receiving sound phase 

from T» 
(4) Receiving sound phase 

from I2 

(J) Clock 1 
(t) Clock 2 
(T) Output 

Principle of Phased Array 



6) Planner Recording System 
The on-off, analogue or digital outputs are converted to 
record the signals to a projection on horizontal plane or 
vertical plane. 

n , - i r / 1 
L • i 

\ 1 
I 

( 1, : 
Scanning Pattern 

023 
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027 
029 
031 
033 
03? 
C37 
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ooooaco 1*^ l/^l> 
COCr:C30353j(4 
oooocoo26M ^ ^ 
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0*^00000000 
0000000000 
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0000000000 

Fig. 2.50 Planner Secording SyBten 
(D Weld bead width (3) Flaw 
(2) Coupling not satisfactory (4) Flaw records 

7) Three Dimensional Recording System 
The on-off, analogue or digital outputs are converted to 
record the signals to the three dimensional picture. 

Fig. 2.31 
Three Dimensional 
Recording System 

8) Double Two Dimensional Recording System 
The records are made by the combined system of B and C 
scopes as follows: 

® ® © ® (D Veld 
(?) Double crystal transducer 
3) Scanner 

Scanning pattern 
Flaw 
CRT 
Echo gate 
Micro-computer 
Record of probe position 
Plate thiokness record 
Pen recorder 
B-C scope records 

Fig. 2.32 B-C Scope Combination Systc 



9) Acoustic Tnaglng System 
Many approaches are main rig by many investigators to 
produce images of flaws. One of them is a system of 
acoustic holography. 

Jig. 2.33 

1 
2 
3 
4 
5 

Principle of Acoustic Hologram Used CBT 

6 Receiving crystal 
7 CBS 
8 Collector 
9 CBT 

(Krautkraaer) 

Signal generartor 
Water tank 
Transmitter crystal 
Test specimen 
Acoustic J^ns 

•££ 

©• 
®: 
®' 
®: 
®: 
®: 
®: 

Fig. 2.34 
Acoustic Holography with 
use of Liquid Surface 

® ® 
Transducer 
Acoustic lens 
Acoustic lens 
Transducer for 
referenoe wave 

Beflector 
Hologram on water 
surface 

Acoustic lens 

(8) Water 
(9) Test specimen 
@ Acoustio prism 
(Q) Acoustio lens 
(L2>> Laser 
<Q Fin hole screen 
(Q Acoustic lens 
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Pig. 2.35 PIS 0 Report No.6 



10) Frequency Analysis 
The ultrasonic waves reflected at an Internal flaw or 
flaws include the waves of different frequencies from 
the waves transmitted from the transducer, as could he 
seen in a results obtained by Professor H. Onoe and 
his group. 

(M. Onoe and H. Taaada) 

*5 <*" jrr*ft. (HHZ) 

*i«. 2.36 

This method is considered to be useful to characterize 
the flaws and to measure the extent of the flaw, appli
cable together with common ultrasonic examination. 



Ill Examples of Automatic and Remote Control Examination Systems 

3-1) SUTARS 

One of typical data processing system is the SUTARS (Search 
Unit Tracking and Recording System) developed by South West 
Institute, USA, "being applied to the In-Service Inspection 
of the Reactor Vessel of the Nuclear Power Plant. 

1̂= 
4 Tracks 
Taps 
Recorder 

Receiver Array-

Search 
Unit 

2-200 m Cable 

UT Instrument 

^ - Controller 

SUTARS Data Collecting System 

CRT Key Bo 
Key in 
Parameters 

3 3 

9 Track Tape 

Printer 
Plotter 

o«=o 
4 Track Tape 

Printed Out h-^-S t 

Records 

SUTARS Data Processing System 
Pig. 3-1 
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The device is composed wit*, remote control system traveled on 
tracks installed at places near the inspection area of the re
actor vessel, six sensers for positioning the probes and re
ceivers, ultrasonic equipment, examination parameter input de
vice, data digitalizatian system, control unit composed with 
micro-processer ( nP ) to control transmission and receiving 
signals and cartridge of magnetio tapes. 

a) Data Collection System 
The system is oomposed with three channels of ultraaonio 
equipments and controller to oontrol position of scanning 
devices, scanning velocity, and oouplant supply system. 
The ultraaonio equipment is adjustable DAC at six points. 

b) Data Processing System 
Data digitalization by A/D converter, preprocessing device 
for examination results and parameters to be input to com
puter, digital display panel for indication of device lo
cation and examination results, tape player, computer, ac
cessaries for data processing and records: 

Specification of Data Processing System of SUTARS: 

Central Processing : Memory capacity 192 K Byte 
16 bit/word 

Magnetio Tape : Memory density 1600 BPI 
Tracks 9 

Cartridge Player : Memory density 1600 BPI 

Tracks 4 

Magnetio Disc : Memory capacity 9*6 M Byte 

Printer Plotter : Velocity 1000 I»/m 
Bomber of letter in one line 132 

Graphic Display : Area 15"xl6" Resolution 40961 
4096 points 

A/D Converter : Data transfer velocity 20 MHz 
8 bit 

Baffer Memory : Capacity 2048 Byte 



o) The principle of the device positioning is as follows: 

K0UST1C WISt 0/ 

Fig. 3.2 SUTAHS Positioning 

d) Data collecting modes are as follows: 

r-rtjvwrzyi-

L » *•> 'I 

(a) ^ (b) (c) 

Fig. 5-3 

(a) Normal Mode : 

(b) Limit Mode : 

(c) Peak's Mode : 

Amplitude over the threshold value 
are recorded. 

Vhen the amplitude over the threshold 
value is obtained, wave form is re
corded. 

Peaked values of the amplitudes over 
the threshold value are recorded. 
(A and B) 



e) Outputs by the SUTABS are as follows t 

( a ) SUTRRS SECTOR COVERAGE PLOT 

F ;-X\w-'-" -> 

••Si'—' 

(a) Scanned position is 
marked on the sheet 
with X 

(b) — SUTRRS REFLECTOR MAP 

r 
. (d) SUTARS DATA SHEET 

(b) C-Scope presentation 

(o) B-Scope presentation 

(d) Beeults data 
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( f ) A-Scope presentation 
i s also recorded as 
required 

Pig. 3 .4 



3-2) Automatic RrAniinntion SyBtem for Large Sized Rotor Shaft 

• newly developed automatic ultrasonic examination system to 
apply to large sized turbine rotor shafts for nuclear power 
plant is introduced belowt 

This system is composed with the automatic scanner of the 
probe, automatic recorder of probe position and device to 
rotate the testing shaft. Direct contact or gap method 
are available. Multi-channels transducer - equipment are 
also available. Recording is performed by B scope presen
tation for transverse section and C scope presentation for 
flaws projected on the shaft surface. 

(d) C-Scope Presentation 
(drill holes ft 6mm) 
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Specification of The Systea: 

Diameter Available Volumetric Rxaai nation : 
300- 2000 ma dia. (12- 79") 

Length of The Shaft Available Scanning : 10 a (394") max. 

Transducer 

Coupling System 

Scanning Pattern 

Scanning Velocity 

Presentation of Duta 

2-5 MHz, 25aa (l") in diaaeter 

Direct contact and gap method 

Spiral pattern by rotation of shaft 

Circular direction 300 ma/sec max. 
Longitudinal direction 25 mm/rer. max. 

Polaroid caaera for B-scan presen
tation 
Printer for C-scan presentation 

Haaaa 

nisai 
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ARTICLE IWA-2000 
EXAMINATION AND INSPECTION 

UVA-2100 GENERAL 
IWA-2110 DEFINITIONS 

(d) Flaw indication-dcnola the evidence or ^ ^ ^ INSPECTION PROGRAM A 
signal obtained by application of a nondestructive 
examination that may reveal the presence of a flaw or The inspection intervals shall comply with the 
surface degradation. Flaws include cracks, slag following except as may be modified by IWA-
inchisions or segregates, aligned or clustered rounded 2400(c): 
indications, lack of weld penetration, lack of weld ' 1st Inspection Interval—3 years following initial start 
fusion, and laminations or combinations thereof. | of power unit commercial operation 

..... _. 2nj Inspection Interval—1 years following the 1st 
inspection interval 

IWA-2232 Uhnwonk Examuntioii f 3rd Inspection Interval—13 years following the 2nd 
(a) Ultrasonic-examination of Class 1 and Class 21 

vessel welds in ferriuc material greater than 2 in. (51 
nun> in thickness shall be conducted in accordance 
with Article 4 of Section V. 

(b) Ultrasonic examination of Class 1 and Class 2 
femtic steel piping systems shall be conducted in 
accordance with Appendix III, amended as follows: 

(I) For examination of welds, reflectors that 
produce a response greater than 50% of the reference 
level shall be-recorded. 

(c) If the requirements of (a) and (b) above are 
not applicable, the ultrasonic examination shall be 
conducted in accordance with the applicable require
ments of Article 5 of Section V, amended as follows: 

(1) iFor examination of welds, reflectors that 
produce a response greater than 50% of the reference 
level shall be recorded. 

(2) For examination of welds, all reflectors 
which produce a response greater, than 100% of the 

"reference level shall be investigated to the extent that 
the operator can determine the shape, identity, and 
location of all such reflectors in terms of the 
acceptance-rejection standards of IWAOIOOfb). 

(3) The size of reflectors shall be measured 
between points which give amplitudes equal to 100% 
of the reference level. 

inspection interval 
4th Iinpc.tiun Interval— 17 years following 3rd inspec

tion interval 

IYVA-2420 INSPECTION PROGRAM B 
The inspection intervals shall comply with the 

following except as modified by IWA-2400(c): 
1st Inspection Interval— 10 years following initial start 

of power unit commercial operation 
2nd Inspection Interval—10 }ears following the 1st 

inspection interval 
3rd Inspection Interval—10 years following the 2nd 

inspection interval 
4th Inspection Interval—10 years, following the 3rd 

inspection interval 



ARTICLE IWA-3000 
STANDARDS FOR EXAMINATION 

EVALUATION 

IWA-310O EVALUATION I 

W7B (a) Evaluation shall be made of indications de
tected during an inservice examination as required by 
IWB-3000 for Class I pressure retaining components, 
P VC-3000 for Class 2 pressure retaining components, 
1WD-3000 for Class 3 pressure, retaining compo
nents, or IWF-300O for component supports. 

(b) if acceptance standards for a particular 
component, Examination Category, or examination 
method are not specified in this Division indications 
that exceed the acceptance standards for materials 
and welds specified in the Section III edition applica
ble to the construction of the component shall be 
evaluated to determine disposition. Such disposition 
shall be subject to review by the enforcement 
authority having jurisdiction at the plant site. 

TABLE IWB-3410-1 
ACCEPTANCE STANDARDS 

Examination Component and 
Category Part Examined 

B-A Welds in Rectcr Vessels 
B-B Welds in Other Vessels 
B O Vessel Nozzle Welds 
B-F, B-J Dissimilar and Similar Metal Welds in Piping 
B-G-1 Bolting 
B-H, B-K-1 Integral Attachments for Vessels, Piping, 

Pumps, and Valves 
B-L-1, B-M-1 Welds in Pumps and Valves 
B-L-2, B-M-2 Pump Casings and Valve Bodies 
B-N Interior Surfaces and Internal Components of 

Reactor Vessels 
B O Control Rod Drive Housing Welds 
B-Q Steam Generator Tubing 

Acceptance 
Standard 

IWB-3510 
IWB-3511 
IWB-3S12 
IWB-3514 
IWB-3515 
IWB-3516 

IWB-3518 
IWB-3519 
IWB-3520 

IWB3S23 
IWB-3521 
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ARTICLE IWB-2000 
EXAMINATION AND INSPECTION 

IYVB-2400 INSPECTION SCHEDULE 
IWB-2410 INSPECTION PROGRAM 

Inservice examinations and system pressure tests 
may be performed during plant outages such as 
refueling shutdowns or maintenance shutdowns. 

TABLE IWB-2411-1 
INSPECTION PROGRAM A 

InSfWCtrOA PskfMMn, Minimum Maximum 
Impaction Calandar Yean of Examinations Examination* 

Interval Plant Service Completed. % Credited, % 

1st 3 100 100 

2nd 7 33 67 
10 100 100 

3rd 13 16 34 
17 40 50 
20 66 75 
23 100 100 

4th 27 8 16 
30 25 34 
33 50 67 
37 75 100 
40 100 . . . 

enable an inspection to coi nriiie wi th :i plant outage. 
within the limitations ofl WA-24?Q(c) 

IWB-2411 Inspection Program A 

(a) With exception of the examinations that may 
be deferred until the end of an inspection interval as 
specified in Table IWB-2300-1 and for steam generator 
tubing, the required .examinations shall have been 
completed during successive inspection intervals in 
accordance with Table IWB-2411-1. 

(b) The inspection period specified in (a) above 
may be decreased or extended by as much as I year to 

IWB-2412 Inspection Program B 

(u) With the exception of the examinations that 
may be deferred until the end of an inspection 
interval as specified in Table IWB-2500-1 and for steam 
generator tubing, die required examinations shall 
have been completed during each successive inspec
tion interval in accordance with Table iWB-2412-1 

(b) The inspection period specified in (a) above 
may be decreased or extended by as much as I year to 
enable an inspection to coincide with a plant outage, 
within the limitations of IWA-2400(c). 

IWB-2413 Inspection Program tor Steam 
Generator Tubing 

The required examination shall have been complet
ed during each successive inspection interval in 
accordance with the following schedule: 

(a) The first examination shall be performed at 
least I year, but not to exceed 2 years, following 
placement into commercial service. 

(b) The second examination shall be performed 
within an additional period of from I to 2 years. 

(c) The third and subsequent examinations shall 
be performed within additional periods of 3'/i years. 

(d) If steam generator tube leakage exceeds the 
limits of the plant technical specification, 3% of the 
tubes from the lube array in the steam generator 

TABLE IWB-2412-1 
INSPECTION PROGRAM B 

Impaction Period. M W I I W I I I Maximum 
Inapsctioti Calender Yaara of Examinations Examinations 

Interval Plant Samoa Completed. *U Cradhad, % 
-* - - . —. 

1st 

2nd 

3rd 

4th 

3 18 3 * 
7 50 67 

10 100 100 

13 16 34 
1 so 67 
20 100 too 

23 16 34 
27 50 67 
30 100 100 

33 16 34 
37 50 100 
40 100 

where the leakage u«. urred shall be inspected prior tc 
resumption of service. 



TABLE IWB-2500-1 (CONT'D) 
EXAMINATION CATEGORIES 

EXAMINATION CATEGORV B-G-l, PRESSURE RETAINING BOLTING, LARGER THAN 2 IN. (SI mm) IN DIAMETER 

Extent and Frequency of Examination Extent and Frequency of Examination 

Examination 1st Deferral of 
Item Parts Requirements Examination Acceptance Inspection Successive Inspection Inspection to 
No. Examined' Fig. No. Method Standard Interval ••* Intervals, 2nd, 3rd, 4th> End of Interval 

Reactor Vessel 
B6.10 Closu-e Head Nuts * Surface • All bolts, studs, nuts, bush Same aj for 1st Interval Permissible 
66.20 Closure Studs, In place IWB2500 12 Volumetric IWB-3515 ings, threads In flange stud 
B6.30 Closure Studs, when removed 1WB 250012 Surface and 

Volumetric 
IWB 3515 holts 

36.40 Threads in Flange 1WB-2500-12 Volumetric * 
86 50 Closure Washers, Bushings 

Pressurlzer 

Surfaces Visual, VT 1 • 

Bb 60 Bolts and Studs, In place IWB 25C- 12 Volumetric IWB 3515 All bolts, studs, nuU, bush Same as for l i t Interval Permissible 
36.70 Bolts and Studs, vhen removed I W B 2 5 0 0 1 2 Surface and 

Volumetric 
IWB-3515 ings, threads In flange stud 

holes 
3 6 6 0 Bolting' 

Steam Generators 

Surfaces Visual, V T 1 ' I 
86.90 Bolts and Studs, In place IWB 250012 Volumetric IWB 3515 All bolts, studs, nuts, Jush- Same as for 1st Interval Permissible 
3u. 'ao 8olts a.̂ d Studs, when removed IWB 250012 Surface and 

Volumetric 
IWB-3515 Ings, threads In flange stud 

holes 

36.110 Bolting' 

Heat Exchangers 

Surfaces Visual, V T 1 • 

B6 120 Bo!ts and Studs, In place 1WB-2500-12 Volumetric IWB 3515 All bolts, studs, nuts, busn- Sam* at for 1st Interval Permissible 
B6.130 Bolts and Studs, when removed IW8 25O0 12 Surface and IWii 351« ! Inos, threads In flange stud 

Volumetric holes 

- -

B b l 4 0 Bolting! Surfaces Visual, VT I » 

NOTES: 
•In course of preparation. 
See Notes at end of Elimination Category B-G-l, p. 43.1. 



TABLE IWB-3510-1 
ALLOWABLE PLANAR INDICATIONS 

Material: Ferritic steels that meet the requirements 
of NB-2331 and have specified minimum yield 

strength of 50 ksi or less at 100 F 
Thickness Range: 4 in. and greater 

Aspect 
Ratio, 
alt1 

Surface 
Indications, 

alt %« 

Subsurface 
Indications. 

at. %-•» 

0. 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 

1.8 
2.0 
2.2 
2.4 
2.7 
3.1 
3.5 
3.5 
3.5 
3.5 
3.5 

2.3 
2.4 
2.6 
2.9 
3.2 
3.7 
4.1 
4.6 
5.2 
5.8 
6.5 

NOTES: 
(1) For intermediate flaw-aspect ratios, alt. linear interpola-

tion is permissible. 
(2) Component thickness, t. is measured normal to pressure 

retaining surface of component. Where the section of 
thickness varies, the average thickness over the length 
of the indication is the component thickness. 

(3) Trie total allowable depth of subsurface indication is 2a 

TABLE IWB-3510-2 
ALLOWABLE LAMINAR INDICATIONS 

Component Thickness, 
f, in.' 

4 
6 
8 

10 
12 and greater 

Laminar Area 
A. sq in . 1 

18 
18 
24 
30 
36 

NOTES: 
(1) For intermediate th.cknesses, line.: interpolation of area 

is permissible. 
(2) The area of a laminar Haw is defined in IWA-3360 

TABLE IWB-3511-1 
ALLOWABLE PLANAR INDICATIONS 

Material: Ferritic steels that meet the requirements 
of NB-2331 and have specified minimum yield 
strength of 50 ksi or less at room temperature 

Thickness Range: 4 in. and greater 

Aspect 
Ratio, 
alt' -

Surface 
Inaications, 

alt. % 2 

Subsurface 
Indications, 

alt % , J 

0. 
0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 

2.0 
2.1 
2.3 
2.6 
2.9 
3.2 
3.7 
3.7 
3.7 
3.7 
3.7 

2.6 
2.8 
2.9 
3.2 
3.S 
4 . t 
4.6 
5-2 
5.8 
6.5 
7.2 

NOTES: 
(1) Dimensions a and I are defined in the figures referenced 

in IWB-3511.1 For intermediate flaw-aspect ratios, ail. 
linear interpolation is permissible. 

(2) Component thickness t is measured normal to the pres
sure retaining surface of the component Where tho 
section thickness varies, tht-. average thickness over the 
length of the planar indication is the component 
thickness. 

(3) The total depth of an allowable subsurface indication is 
twice the listed value. 

TABLE IW8-3511-2 
ALLOWABLE LAMINAR INDICATIONS 

Component thickness, 
t, i n . , J 

Laminar Area 1 

sq in. 

4 
6 
B 

10 
12 
14 
16 

12 
18 
24 
30 
36 
42 

NOTES: 
(1) Component thickness t 'S m e ^ u r - ' i norm.il to th-j 

pressure retaining surfa .• of th* component Where 
the section thickness Jrnt-v [he ,iv?r:«i6 thickness .v*r 
the area of the lamir < in'Jic.muri ••; ihe component 
thickness. 

(2) For intermediate thickn-i > i n « n ,nt •• : iiition >;* i"-.\ is 
permissible. 

(3) The area of lairnn ir tl. . . •, i •• i n, i «-v ...n.i 

http://norm.il


ARTICLE IWB-3000 
ACCEPTANCE STANDARDS FOR 

FLAW INDICATIONS 

IWB-3100 EVALUATION OF 
NONDESTRUCTIVE 
EXAMINATION RESULTS 

IWB-31I0 PRESERVICE EXAMINATIONS 

IWft-3111 General 

The preservice examinations required by IWB-
2100 and performed in accordance with the proce
dures of IWA-2200 shall be evaluated by comparing 
the examination results with the acceptance stand
ards specified in Table IWB-3410-1. Acceptance of 
components for service shall be in accorda' ; with 
IWB-3112 through IWB-3115. 

IWB-3120 

IVVB-3121 

invjr.T,.'. 
be- comp.i! 
cxamiii:>t!. 
C c p t a i i c C 1 
shall be in 
3125. 

INSEKVICE [SONDES f Kl ' ( TIV -
EXAMINATIONS 

General 

' •loiide'-.tructsve e-xa riin:.l:<- . ;e--u!ts shr<Ii 
ed with lec-nlcx! results oi ;!.:: pie-civic ; 
HI .'.:K( prior in»ei"vicc examinations. Ac-
i the components for continued service. 
accordance with [WR-3123 through 1WB-

i IWfi-3123 f oiiiliiional Acreptajx*? 

'J) (.'omponeuis whose examiuati 'i leveais Haw 
indiev.,ur>'» tint are in excess of Lhr- allowj.: \z 
IIMIK. ,.nn standards listed in Table PVH-3410 shai! 

table for i >,i.'inue.d th, 
additional examination requirement, of IWB .1-13!i 
are satisfied and the reqiii'ements of either i'-Vb-

! 3123 I or IWB-3123.2 are met 
\ (h) In the event the flaw indication'^) is determine.' 
' if. exceed the critical law parameters dt-'med bv IWh 

UitXKO. the component shall be rep..'.-rd or replaced. 
The extent of examination prior to repair oi te 
placement shall be as specified in Fable IWB-2430 

IWB-3123.1 Flaws shall be either removed or 
repaired to the extent necessary to meet the allowable 
flaw indication standards listed in Table IWB-3410 

1WB-3123.2 Evaluation of the flaw indication^) 
shall be performed by analyses such as described in 
|WB-3600in order to confirm the structural adequacy 
of the component for continued servu e. In such cases, 
the area containing this flaw indicalion(s) shall be re
examined during each scheduled successive in 
spection conducted in accordance with the program 
oflWB-2410 
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IWB-3600 ANALYTICAL EVALUATION 
OF INDICATION 

r.VB-3610 ACCEPTANCE CRITERIA FOR 
FERJUTIC STEEL COMPONENTS 
4 IN. (102 mm) AND GREATER IN 
THICKNESS 

A flaw indication that exceeds the size of allowable 
indications defined in IWB-3500 may be evaluated 
by analytical procedures such as described in 
Appendix A to calculate its growth until the next 
inspection or the end of service lifetime of the 
component The component containing the flaw 
indication is acceptable for continued service during 
the evaluated time period if the criteria of 1WB-3611 
or IWB-3612 are satisfied. The evaluation procedures 

shall be the responsibility cf the Owner and shall be 
subject to approval by the regulatory authority 
having jurisdiction at the plant site. 

IWB-3611 Acceptance Criteria Based on Flaw 
Size 

A flaw exceeding the limits of IWB-3500 is 
acceptable if the critical flaw parameters satisfy the 
following criteria: 

a 7 < 0.1ar af< 0.5a, 
where 

a, = the maximum size to which the detected 
flaw is calculated to grow in a specified time 
period, which can be the next scheduled 
inspection of the component, or until end of 
vessel design lifetime 

ac = the minimum critical flaw size of the indica
tion under normal operating conditions 

a, = the minimum critical flaw size of the indica
tion for initiation of nonarresting growth 
under postulated design. Emergency, and 
Faulted Conditions 

IWB-3612 Acceptance Criteria Based on Applied 
Stress Intensity Factor 

A flaw exceeding the limits of IWB-3500 is 
acceptable if the applied stress intensity factor 
satisfies the following limits: 

(a) For Normal Conditions: 
K,< /CtSyflO 

where K, is the maximum applied stress intensity 
factor for Normal (including Upset and Test) Condi
tions for the flaw size, af, defined in IWB-3611 and 
K,„ is the available fracture toughness based on 
crack arrest for the corresponding crack tio 
temperature. 

(b) For Emergency and Faulted Conditions: 
K,< Klt/yfT 

where K, is the maximum applied stress intensity 
factor for the flaw size aj under Emergency and 
Faulted Conditions and KH is the available fracture 
toughness based on fracture initiation for the 
corresponding crack tip temperature. 
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DEVELOPMENT OF IMSEP.VICE INSPECTION EQUIPMENTS 
FOR NUCLEAR POWER PLANTS 

Shigetaka FUKUI* 
.1 Introduction 

Nuclear power plants are required to have high safety and 
reliability in order to protect people from any predictable 
accidents. Therefore, we are subject to many regulations and 
requirements which we must abide by, in manufacturing and 
operating the nuclear power plants. 

In keeping with these regulations and requirements, the 
nuclear power plants are required to develop sofisticated 
inservice inspection techniques. 

From the technical point of view, the components of nuclear 
power plants can be divided into two groups; the one such as 
reactor vessel which is not accessible by the inspection personnel 
due to high radioactivity, and the others such as pipings, pumps, 
valves, etc. which are accessible but require for their inspection 
to minimize human radiation exposure. For the former, the 
development of remote controlled automatic non-destructive testing 
equipment is imperative. So, research and development in this 
field has been cairied out since about 1970 in Europe, U.S. and 
also in Japan with the view to devising such inspection systems. 

This paper describes the feature of the ultrasonic flaw 
detection device for reactor vessels and eddy current testing 
device for heat transfer tubes in steam generators, which are 
developed by MITSUBISHI HEAVY INDUSTRIES, Ltd. (MHI) for PWR 
power plants. 

* Assistant manager, Material quality control section 
MITSUBISHI HEAVY INDUSTRIES, LTD. KOBE SHIPYARD & ENGINE WORKS 
1-1, 1-chome, Wadasaki-cho, Hyogo-ku, Kobe, 652 Japan. 
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.2 Ultrasonic inspection tool for reactor vessels 

.2.1 Background of the tool 
In .operation, a reactor vessel becomes radioactive after 

being irradiated by nutrons. Therefore, depending on their 
positions, some parts of vessel are inaccessible. For this 
reason, the inspection of such parts must be remotely performed. 

MHI had developed an automatic remote-controlled water 
submerged ultrasonic inspection tool for reactor vessels in 
March, 1974. 

Using this tool, we had carried out preservice inspections 
for six (6) reactor vessels r either at the shop or at the 
construction site, up to 1979. 

However, the requirements for inservice inspection become 
more severe recently, especially for ultrasonic inspection of 
reactor vessels. To meet these requirements, we are now 
developing new model of inspection tool. 

.2.2 Design philosophy of the tool 
The new model of the tool is designed under following 

philosophy. 
(1) Reducing inspect ion t ime 

To reduce the inspection time, the tool is designed to 
inspect from various direction on one scanning using a set of 

transducers, simultaneousely. For example, shell weld can be 
examined from nine(9) directions in one scan. 
(2) Easy handling and operation 

The tool is designed as simple as possible to make the 
the handling, assembling and decontamination more easy. Operation 
of the tool is relied on computerized control system. 
(3) Reliable data acquisition and- evaluation 

Full computerized data acquisition and evaluation system 
is prepared for the processing of such a big amount of data 
from many transducers in a short period. 
(4) Full satisfaction of the code 

The ultrasonic examination method is in accordance with 
ASME Code Section XI and JEAC-4205. 

.2 3 Specification of the tool 
The specification of the tool and applicable vessel size 

are shown in Table 1. 
The tool is designed so as to fit various size of reactor 

vessels by changing small parts, for instance distance pieces. 
To determine the exact location and size of the defect, 

it is essential to keep high scanning accuracy. 
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.2.4 Composition of the tool 

The entire tool is composed of following three essential 
systems; remote controlled mechanical system, ultrasonic examination 
system and data acquisition and evaluation system. 

Outline of each system is as follows. 
.2.4.1 Remote controlled mechanical system 

The main function of this system is to lead the transducers 
to any of desired location. 

The mechanical device is placed on the reactor vessel flange 
and works in underwater condition. 
Fig. 1. shows this device. 

Adquate consideration is given regarding water pressure, 
resistance to irradiation, and corrosion resistance for the immersed 
parts. 

In addition, a special design to maintain the rigidity of the 
tool has been devised in order to get good scanning accuracy. 

This device is also designed to permit easy transportation into 
a containment vessel, and give easy assembly and disassembly. 

This system is composed of the following elements. 
(1) Mechanical device 

(a) Turning table equipment 
(b) Elevation mechanism 
(c) Manipulator 
(d) Transducer plate 

(2) Control panel 
(a) Power supply panel 
(b) Posisition control panel 
(c) Posisition display panel 
Turning table equipment consists of rail, turning frame and 

driving mechanism. The rail is supported by three (3) legs placed 
on the upper surface of a vessel flange. Turning frame with driving 
mechanism is placed on the rail and rotates on the rail. 

Elevation mechanism consists of main column, carriage which 
moves up and down along the main column, and driving mechanism for 
carriage movement. 

Manipulator has six pivotal axes so as to have multiflexibitity 
and is able to lead the transducer plate at any position. 

On the transducer plate, a number of transducers are installed 
and attached to the manupulator end. 

The assembly of this mechanical device and its installation to 
reactor vessel require the polar crane operation. 

The mechanical device can be operated either manually or auto
matically using computor controlled system. The movement of this 
device can be monitored by the position display panel. 

.2.4.2 Ultrasonic examination system 

This system consists of ultrasonic flaw deteCter and many trans
ducers. 

Ultrasonic examination method used in this system is an immer
sion technique which ultrasonic beam is transmitted keeping a certain 



distance between a transducer and surface of the vessel wall to be 
inspected. 

A straight beam method and two (2) angle beam (4 5°, 60°) method 
from perpendicular and parrallel to the weldment are used simul
taneously for flaw detection. 
So, maximum of nine (9) transducers are used for flaw detection. 
In addition, Three (3) other transducers are used for detection of 
parallelism of the transducer plate. 

All of the data obtained from a number of transducer is recorded 
and processed by computor system. 

Fig. 2 shows the block diagram of ultrasonic examination system 
and data acquisition and evaluation system. 

.2.4.3 Data acquisition and evaluation system 

All the data from ultrasonic examination system and position 
control panel are processed by mini-computor. 

The processed data are stored on magnetic disc and tape. 
These data are not only stored for as basic data but also are able 
to be playea back in order to evaluate the flaw indications precisely, 
after completion of the scanning. 

The followings can be displayed and used for evaluation of 
flaw indications. 
(a) Ultrasonic echo height (A-scope) 
(b) Sectional figure of the plane on which flaw is detected (B-scope) 
(c) Plane figure of examined area (C-scope) 

Furthermore, the combined evaluation method of flaw indications 
detected by several different transducers is expected to be deve
loped in the near future. 
«3 Development of flaw detection techniques for PV7R plant steam 

generator tubes using eddy current tests 

.3.1 Preface 

As for steam generator heat transfer tubes of PWR, the eddy 
current test (ECT) is performed on each inservice inspection of 
all tubes and all parts of the tubes. 

The most important requirement's for inservice inspection of 
nuclear power plants are to minimize radiation exposure to the 
inspection personnel and to shorten the time needed for inspection 
and its evaluation. Therefore, in developing eddy current testing 
equipment, it is essential to : -
(1) develop remote controlled automatic positioning system for the 

inspection probe 
(2) improve flaw detection and quantitave evaluation capability 

Our efforts to achieve these objectives have led to good results 
for the porpose of reducing radiation exposure and inspection time. 

The specification of the system is shown in Table 2. 

.3.2 Fddy current test equipments 

For an eddy current test to check the heat transfer tubes 
during insorvice inspection, easy handling, high scanning speed and 



remote controlled automatic operation are required because the heat 
transfer tubes of steam generators are extremely numerous and 
radiation exposure during inspections must be avoided. 

The main components of the testing system are carrier, probe 
pusher, flaw detector, recorder, operation control panel and probe. 

Fig. 3 shows the schematic of this system. 

.3.2.1 Probe carrier and probe pusher 

The flaw detecting probe carrier hangs on the tube: holes of 
the tubes sheet with four" legs. It can walk all around the lower 
surface of the tube sheet. The flaw detecting probe are inserted 
into the tubes by a remote controlled probe pusher. 
By setting the carrier once, all tubes can be inspected. 
This means that eddy current testing can be carried out away from 
high radiation area and inspection personnel are exposed to much 
less radiation. 

.3.2.2 Flaw detector, recording and displaying'system 

Flaw detector for Inconel 600 steam generator tubes is specially 
developed by MHI. The examination frequencies of flaw detector are 
normally 100 KHz and 400 KHz for detection of flaw and quantification 
of flaw, respectively. 

These examination data are recorded on 4-channel magnetic tape 
data recorder together with the tube address and the scanning posi
tion along the tube. 

The recorded data can be played back and displayed on strage 
type cathode ray tube (CRT) or on 2-channel strip chart recorder 
for evaluation of eddy current signals. 

.3.2.3 Probes 

The flaw detecting probe has normally 18 mm dia. differential 
coil. To prevent the wobbling of coil during scanning, the flexible 
guide vanes are attached on both sides of coil to support: the coil 
to inner surface of the tube. 

For special purposes, some type of probes are prepared. 
(1) Small radius U bend testing probe 

t6- mm dia. differential coil probe with special guide use for 
small radius U bend portion. 

(2) P e r m e a b i l i t y probe - « • " ' ~ 
Magnetic s a t u r a t e d probe for use to improve t h e flaw d e t e c t i o n 

c a p a b i l i t y a t those p o r t i o n s where ma«f*§fclc p e r m e a b i l i t y v a r i a t i o n s 
a r e found in t ube m a t e r i a l . 

The appearance of t h e s e p robes a r e shown in F ig .4 . 

. 3 . 3 Eva lua t ion of eddy c u r r e n t s i g n a l s 

. 3 . 3 . 1 Eva lua t ion of flaw s i g n a l s 

There a r e tv/o methods of d i s p l a y i n g t h e i n d i c a t i o n s i g n a l s . 
These a r e the ampli tude method and t h e phase method. The ampl i tude 
of an flaw i n d i c a t i o n i s p r o p o r t i o n a l t o t h e volume of f law. 
T h e r e f o r e , i t i s imposs ib le t o e s t i m a t e t h e depth of t h e flaw 



without knowing the shape of flaw. 
Fig.5 shows some examples of Lissajou's pattern of indication 

singnals given by the phase method and the causes. 
As is evident, each flaw pattern is characteristic of different 

causative factors. The relationship between the signal phase angle 
and the depth of flaw is shown in Fig. 6 . Using this relationship, 
we can evaluate the depth of flaw with an accuracy of +10 %, if the 
depth is more than 20 % of the tube wall thickness. 
.3.3.2 Evaluation of complex signals 

When the flaws are at either near the tube support plate or 
tne deformed part ot the tube, the flaw signal is superimposed by 
these special conditions and form a complex signal. Fig. 7 shows 
examples of the complex signals of tube support plate and the flaw. 

These complex signals cannot be evaluated as is, but vector 
subtraction of tube support signal from the complex signal is 
expected to be usefull. Fig. 8 shows the example of vector sub
traction, and it is clear that resulted signal is normal, flaw signal. 
Then, it becomes possible to evaluate the depth of the flaw by the 
phase method. 
.3.4 Problems for the future 

There is a strong need to detect and quantitatively evaluate 
the crack like flaw which gives low signal to noise ratio by means 
of, for example, mult ifrequency eddy current test method or some 
special probes. 

The evaluation of signals may be carried out by the computor 
systems or other means in order to process a large amount of 
examination data accurately in a short time. 

We are undergoing research and development on such problems 
and expecting good results in the near future. 
.4 Other inspection techniques and equipments 

(electric resistance method) 
This technique is introduced-by MHI. The principle of this 

technique is as follows. 
When a direct current is applied to the metal object with sur

face crack, the electric current in the object is disturbed due to 
existance of this crack. The apparent electrical resistance bet
ween two points on both sides of the cracked object surface varies 
with the depth of crack. 

Fig. 9 shows this principle. 
This technique was applied for the inspection of JPDR (Japan 

Power Demonstration Reactor) in 1968 and detected several cracks 
at the nozzle weld portion using specially developed remoto operation 
tool. 

The data processing technique for electric resistance method 
was also developed. In the data processing system, a flaw detection 
map can be prepared for displaying the flaw characteristics. 
Fig. 10 shows an example of processed data obtained on a cracked 
test specimen. 
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.5 Conclusion 
In Japan, many nuclear power plants are now in operation, and 

a number of.others are planned to operate in the future. 
An.extremely high degree of safety is essential in a nuclear 

power plant. For that purpose, the development of the necessary 
testing/inspection equipment is an important task for the nuclear 
power industry. Because of these requirements, the techniques of 
testing and inspection of nuclear power plants have made great 
stride in recent years. 

In this paper, we introduced some techniques concerning in-
service inspection of nuclear power plants, however, continuous 
efforts will be necessary to advance these techniques to improve 
the reliability and availability of the nuclear power plants. 
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Table 1 Outline of new Mitsubishi 
ultrasonic inspection tool 

Dimension 
Remote control device 
Control panel 
Data processing unit 

4420x10800 mm 7ton 
680x850x1600 mm;3 
6 50x850x16 00 mm;? 
1000x600x750 mm;l 

Appricable 
vessel size 

Diameter (I.D) 
Height (note 1) 

3300-4420 mm 
max. 8400 mm 

Manipulator 
- -- - . 

Nuti nodes 
manipulator 

Direction of detection max. 9 directions 

Scanning-
accuracy 

revolution + 0.1 deg. 

Scanning-
accuracy 

vertical 
movement + 2.5 mm 

performance Scanning-
accuracy 

holizontal 
movement + 2.5 mm Scanning-

accuracy transducer 
plate setting + 1 deg. 

Scanning speed max. 100 mm/sec. 
note 1; distance between upper flange to lowest weld seam 

centerline. 
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Table 2 Specification of ECT system 

Erobe carrier working speed 
weight 
dimmension 

38 sec/1 pitch 
35 kg 
420x200x300 mm 

Flaw detector frequency 25, 100, 400 kHz 
Data recorder 4-channel magnetic tape 
Display CRT 

strip chart recorder 
X-Y storage type 
2-channel 

Probe diameter 
coil 
cable length 
scanning speed 

16 mm, 18 mm 
differential type 
35 m 
max. 0.8 m/sec. 
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IN-SERVICE INSPECTION AND AN ULTRASONIC TESTING SYSTEM FOR BWR 

*1 Hiroyuki TAKEDA 
*2 Izumi KOBAYASHI 
*3 Hiroyuki OKAJIMA 
*U Kenji OHBA 
*5 Hirotsugu FUJIMOTO 

Hiroaki KAWASHIMA 

1. Introduction . 

In service inspection (which is hereinafter abreviated as ISI) by ultra
sonic- testing plays an important role in assuring integrity of the primary 
coolant system in nuclear power piint. 

Several ultrasonic testing systems have been developed. These systems 
employ a fixed angle probe with which it is not easy to detect vertical and 
oblique flaws in structural materials. This problem has been solved by the 
development of the B-scope system using compound scanning (sector and traverse 
scanning) by a variable angle probe. The compound scanning technique of 
ultrasonic beam is expected to show a defect and internal structure of the 
object to be examined by the acoustic sectional image in CRT. The display
ing technique has been improved so that the B-scope image can be constructed 
from both the ultrasonic longitudinal and shear waves which propagate through 
the object medium. 

A remotely controlled ultrasonic testing system is required from the 
following viewpoints; 

(1) reducing radiation exposure of examination presonnels 

(2) improving inspection quality 

In this paper, a remotely controlled ultrasonic testing system using com
pound scanning by a variable angle probe and some experimental results are 
described with a brief introduction of ISI requirements and design considera
tions for ISI. The development of the ultrasonic testing system is sponsored 
by several utilities. 

2. ISI for BWR 

2.1 ISI Requirements and Examination Methods 

ISI requirements specified by the ASME Boiler and Pressure Vessel Code, 
Section XI for a reactor pressure vessel and pipings are briefly shown in 
Fig. 1. The required examinations shall have been completed during successive 
inspection intervals in accordance with an inspection program A (see Table l) 
or an inspection program B (see Table 2) respectively with some exceptions. 

Prior th these ISI, pre-service inspection shall be performed. In the 
preservice inspection, the required examinations described above are performed 

*1 THE CHUGOKU ELECTRIC POWER CO., INC. *?. THE TOKYO ELECTRIC POWER CO., INC. 
*3 THE CHUBU ELECTRIC POWER CO., INC. *'» THE TOHOKU ELECTRIC POWER CO., INC. 
*5 Nuclear Equipment Der,ip,n Department, HITACHI WORKS, HITACHI, LTD. 

1-1 Saiwai-cho, 3-chome, Hitachi-shi, Ibaraki-ken 317, Japan 



under conditions and with equipment and techniques equivalent to those that 
are expected to be employed for subsequent ISI. 

The three types of examinations — visual, surface and volumetric 
examinations are used during ISI. The examination methods to be used are; 

(1) Visual examination 

(a) Direct visual examination, (b) Bore scopes, (c) TV cameras 

(2) Surface examination, 

(a) Magnetic particle examination, (b) Liquid penetrant examination 

(3) Volumetric examination, 

(a) Ultrasonic examination, (b) Radiographic examination 

Ultrasonic examination is generally used as volumetric examination during ISI 
by following reasons; 

(1) A remotely controlled ultrasonic testing system is generally available 
and reduction of radiation exposure level of examination personnels is pos
sible. 

(2) The equipment is small enough to be used in narrow space. 

(3) An ultrasonic testing system is an electrical system and suitable for 
processing and recording of the examination results. 
(U) Rediation effect on the equipment is small 

2.2 Design Consideration for ISI 

Ultrasonic examination i'.-om the outer surface of a reactor pressure 
vessel instead of from the . mer surface is generally used in BWR by the next 
reasons. 

(1) Examinaton during refueling is possible and it has little effect on plant 
outage period. 

(2) A mechanical scanner with a probe is compact. 

(3) An ultrasonic testing equipment for the examination from the outer surface 
is simpler than for that from the inner surface. 

(U) Effect of the surface finish of stainless steel clad on the base metal of 
the reactor pressure vessel on the examination resultj is less. 

(5) Examination of th? no/.̂ le wi'.di a themal :e-->ve \z possible. 

The reactor pressure v«">':sl is surround^': t.y pipings, radiation shielding; 
and t h e r m ! .̂.••.v.iilT.r.J.orit;. !". •-• i ,_y c o n s i d e r a t i o n : •:--:'.-:ri bed b e l o w on th>v.e p i p i n g ; 
and cqui.--.-i-: r . j;-e -e. ;u i: r;d L". '..i.'iblc remotely :'.roU<-l u] t. rasnnir: lr..,t \.:.<r, 
system t •, ],•• •;•• ••.: - i rr- tar.-:.- '.: •• :\i:li.'.': I-,n <••/.: — • J..V..I r,f ^vKi, py.-'ni nat i on 
personr-.'.d .. 
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(1) Thermal insulations are designed so that space between the reactor pres
sure vessel and the insulations can accomodate the remotely controlled ultra
sonic testing equipment because manual examination of the part of the reactor 
pressure vessel surrounded by radiation shieldings is not possible. 

(2) Radiation shielding plugs shown in Fig. 2 are designed to be openable or 
removable to enable the ultrasonic examination of the nozzle to vessel weld, 
nozzle inner radius, nozzle to nozzle safe-end weld, and nozzle safe-end to 
piping weld. 

(3) The support skirt of the reactor pressure vessel is designed to have 
openning for the examination of the bottom head welds, 

(4) Equipments and pipings are designed to have straight prolongation on the 
both sides of the weld seam as much as practical and fabricated to have smooth 
weld seam not only for the ultrasonic examination of the code requirement, but 
also fully automated ultrasonic examination. 

(5) Auxiliary equipments such as ladders, platforms for tfye examination 
personnels use are installed in each appropriate place around the weld seams 
to be examined. 

3. Ultrasonic Testing System with a Variable Angle Probe 

3.1 Variable Angle Probe 

3.1.1 Principle of Ultrasonic Compound Scanning Method 

It is not easy to detect vertical and oblique flaws in structural 
materials using an ultrasonic testing system with a fixed angle probe. This 
problem has been partially solved by the development of the B-scope system 
using compound scanning (sector and traverse scanning) by a variable angle 
probe. 

The compound scanning ultrasonic examination technique consists of two 
simultaneous scanning modes as shown in Fig, 3. One is the "sector scan" per
formed by varying the beam angle of the variable angle probe. The other is 
the "traversal scan" carried out in accordance with the movement of the probe 
along the surface of the object to be examined. 

Ultrasonic beam projected from the transducer T at time t - 0 passes 
through the probe and the object to be examined along the beam path TR and RP 
at incident angle 6 and refractive angle $ respectively. The ultrasonic beam 
is refracted at the surface of the object because of the difference in ultra
sonic velocity between probe shoe made of acrylic acid resin and the object 
to be examined. The sweep line corresponding to the above beam path TR-RP can 
be produced by deflection signals for B scope representation. 

The deflection signals for X and Y are written in the1 equation (I). 

X - xo + H t,-!;if> f- V (f• - t}.) :;in<> 
(1) 
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where xo, yo; Location of the rotating center of the variable angle probe in 
X-Y co-ordinate, 

d ; distance from the rotating center to the object surface, 
6 ; Incident angle, 
V j propagation velocity of ultrasonic beam in the object, 
t ; round travelling time between transducer T and defect 

location P, 
t£ ; round travelling time between transducer 

land point R (-VQ c o s , - ~>. 
v o » propagation velocity of ultrasonic beam in the shoe, 
Ad ; distance from the rotating center to transducer T, 
$ ; refractive angle. 

The computation is performed instantaneously and automatically with a 
micro processor. 

3.1.2 Variable Angle Probe 

The variable angle probe and its specification data are shown in Fig-. 4. 
It has a rotor in which transmitter-receiver coupled transducer is set. 

The incident angle of ultrasonic beam varies with rotor motion rotated by 
step motor and the ultrasonic beam angle is converted into electrical signals 
by a potentiometer to produce deflection signals in conformity to the beam 
direction. This rotor type variable angle probe makes it possible to draw-out 

I signal cables from the center of the rotation and has higher spatial efficiency 
so that the size of probe becomes smallest. But the incident point changes 
according to the variation of the incident angle. 

The variable angle probe can project ultrasonic beam with two modes which 
are longitudinal and shear mode into the object to be examined. A typical 
relationship between transmission factor and ".he incident angle of an ultra
sonic beam from acrylic acid resin to steel is shown in Fig. 5. The longitu
dinal mode is dominant in the smaller, range of the incident angle and shear 
mode is dominant in the larger range. Therefore, the deflection signals for 
X and Y axis should be corresponded to the longitudinal mode in the range of 
less than Q\ and the shear mode in the range"of greater than 62 as shown in 
Fig. 5, Switchover of the sweep line is automatically carried out at 0j 
and 62 according to incident angle variation. 

A refractive angle corresponding to incident angle (which is shown as 
variable angle in Fig. 4) 55° is about 79° as shown in Fig. 5. One scanning 
of a variable angle probe corresponds to five scannings compose! of 0*, ±45°, 
±60° fixed angle scanning for one section of the object because retractive 
angle range of the variable angle probe is about -79° ^ 79°• 

3.2 Ultrasonic Testing System with a Variable Angle Probe 

A schematic diagrcm cf the ultrasonic inspection system is shown in Fig. 6. 
The system consists of a remotely controlled mechanical scanner with a variable 
angle probe, a control unit and processing and display unit which gives B-scope 



and C-scope on a CRT in real time. 

The probe which is equipped on the mechanical scanner is moved along the 
traversal direction. The scanning speed, range and route are controlled by 
the numerical control unit. The electrical signal such as the position of the 
probe' and the incident angle of the ultrasonic beam are fed into deflection 
signal generator, where computation of equation (1) is performed. 

The acoustic sectional image, composed of the sweep line whose brightness 
is modulated by ultrasonic video signals, is first stored in a image scan con
verter (a silicon target image memory), where the image can be converted to 
the standard television signals. Thu3 the acoustic sectional image is dis
played on a television monitor. 

Ultrasonic testing system with a variable angle probe for ISI is shown in 
Fig. 7 ̂  Fig. 9. 

A mechanical scanner for pipe to pipe weld and its main specifications 
are shown in Fig. 7. In designing the mechanical scanner, emphasis was placed 
on transportability and workability as well as accuracy of positioning. The 
mecahnlcal scanner and track are compact and light and their mounting procedure 
is very simple. A mechanical scanner for reactor pressure vessel shell weld 
is shown in Fig. 8. A scan controller and a display unit are shown in Fig. 9. 

3.3 Examples of Experimental Results 

Some examples of experimental results obtained by the compound scanning 
technique are shown in Fig. 10 ̂  Fig. 12. 

Basic experimental data are shown in Fig. 10 which shows an acoustical 
sectional image of IIW type test block. Outline of the circular ace at the 
left hand side of the test block is well represented. 

An acoustic sectional image of 12B pipe weld zone with a square notch is 
shown in Fig. 11. The longitudinal mode examination and the shear node 
examination are carried out at the same time. The echo from the square notch 
is represented clearly. The gap between the probe and the deformed pipe sur
face around the weld makes deformation on the image of the outer surface and 
the inner surface line of the pipe. The deformation depth of the lines on 
the picture is magnified about four times because the velocity of the ultra
sonic beam in water filled in the gap is one fourth of that in the pipe wall. 

Fig. 12 shows C-scope (top view display) of the artificial defects in the 
inner surface :>f a pipe. 

3.4 Characteristics of Remotely Controlled Ultrasonic TcstinB_j|y-<it:_pm U 3 ipg. 
Compound Scanning 

1) Data display ("B" scope and "C" scope) is directly observable m real 
time. 

2) The sectional image of the object to be examined and the locations and 
shapes of defects are shown on TV monitor in real time and in a form under
standable to e/eryone. 



3) Geometric echoes are easily distinguished from echoes froc defects. 

k) Defects in any direction are detectable by using & variable angle probe. 

5) Humber of scanning is reduced greatly. One scanning of a variable angle 
probe corresponds to five scannings composed of 0°, ±^5°» ±60° fixed angle 
scanning for one section of the object. 

6) A mechanical scanner and track are compact and light. 

7) Haunting procedure of a mechanical scanner and track is very simple. 

h. Conclusion 

A remotely controlled ultrasonic testing system using compound scanning 
by a variable angle probe has veen developed. 

The results of the tests show that the system is useful for ISI of nuclear 
power plant primary coolant components. Looking the image displayed on CRT, 
it is easy to evaluate the locations and shapes of defects lying in the object 
to be examined. 

The development of the ultrasclie testing system for pipings has been 
completed. The ultrasonic testing system for the reactor pressure vessel is 
being imprcved for more convinient use. 



TABLE 1 INSPECTION PROGRAM A 

Inspection Period, Minimum Maximum 
Inspection Calendar Years of Examinations Examinations 
Interval Plant Service Completed, % Credited, % 
lit 3 100 100 
2nd 7 

10 
3rd 13 

17 
20 
23 

4th 27 
30 
33 
37 
40 

33 67 
100 100 
16 34 
40 50 
66 75 
100 100 
8 16 
25 34 
50 67 
75 100 
100 

TABLE 2 INSPECTION PROGRAM B 

Inspection Period, Minimum Maximum 
Inspection Calendar Years of Examinations Examinations 

Plant Service Completed, % Credited, % 
1st 3 

7 
10 

2nd 13 
17 
20 

3rd 23 
27 
30 

4th 33 
37 
40 

16 34 
50 67 
100 100 
16 34 
50 67 
100 100 
16 34 
50 67 
100 100 
16 34 
50 100 
100 
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(1) Double PZT elements size: 7 x 7mm 
(2) Frequency: 2.25 or 5.0MHz 
(3) Probe size (H x diameter): 25 x 500 
(4) Variable angle: ±55° (continuous) 
(5) Rotation angle: ±180° (continuous) 

Fig. 4 Bottom View of Variable Angle Probe 

ANGLE OF REFRACTION (degree) 
LONGITUDINAL WAVE 

30 60 90 
SHEAR WAVE 

60 90 

»)•.) 90 
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Fig. 6 Block Diagram of Compound Scanning 
Ultra'sonic Testing System 



(1) Size (H x L x W): 95* x 572 x 235mm 
(2) Weight: 5kg 
(3) Scanning rang* 

Axial position: 0 - 200mm 
Circumferential position: No limit. 

(4) Mounting time (to pipe): Less than 3 min. 

' The height 95 is equivalent to insulation 
thickness. 

Fig. 7 Mechanical Scaaier for Pipings 

Fig . 8 Mechanical Scnnner for Reactor Pressure Vessel Shell 



Fig. 9 Display Unit and Scan Controller 

Variable Angle Probe 
2.25 MHz 

S/\ Q 

Surface 
Hole 

Bottom Surface 

Fif,. 10 Indication of IIW Type Tf:st Block 



WELD 

PIPE 

SQUARE 
NOTCH 

Fig. 11 Indication of Square Notch 

Weld pipe : SOS 304, 
artificial defects (square notch) 

: 0.3 mm width; 10 mm length; 
1,2,4,8 and 16 mm depths 

Fig. 12 C-Scope Ttnage (Top View Display) 
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IV Parts to be inspected by ultrasonic rumination and general 

appearances of Systea. 

Operating floor 

.{ Cover for Beaotor 

Water tank for cal ibration 

ttttraaonic Rxaounstion Syetsa 
fo.? Pe«ctor Vaeewl 
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Cable dxua 

Hard copy »-» 
Graphic fy.^»r4*ru 

M«pl^ »̂ >y, _ 
Line prlntar 
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for stud bolt 
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for nozsle* 
nozzle Inside, 
and weld of 
she 

Inspection Devloe 
for Flange ISI Control Booa 

Control Panel 
" I 

Inspection Device 
for shell veld 

Inspection 
Device for pipe 

Inspection 
Device for head 

Senaers for 
position 
of probe 

• . oe 
*""*» Tape 

Piping 
Control Unit and 
OT Instrument 
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Exaaple of Welded Parte of Beactor Yeaael of PUS Plant and Ultraaonie 
Inapeetlon. 

BO 

B-G-i (llanga ligaaent) 

^ . . . 
BO (Valda of nosale) 

(Weld at Saf a and) 

Area poaaibla 
ToluaetrLc 
eraari nation 

B-P (Wald between appar ahall 
and flange) 

(Girth & Long!, welda of 
ehell) 

B B (Girth It Longi. walda 
of Lover haad) 

Category Area to be Inspected 

B-A Fall length cf walda 
B-B Width of weld + £ T 

at both side of weld 
with exception of 
the near area of core 
support 

Scanning Procedure 

- - - r r , 
! o°, 45° 
; & 6o° 

| 9 directione 

B-B Saae the e.bove for 
lower head, vlth 
Mceptica *f area* 
of no**l« 

10°, 4<-° 
! 5> directions •ft" 



Category Area to be Inspected Scanning Procedure 

B - B Same the above for 
velds between the 
shell and flange > \::u 

Scanning on ',""•! 
Flange £ace \"'/ 

B - L Fal l length of weld 
of nozzle. See the 
Fig. 
Curved surface of 
nozzle 

er 
i 
Safe L_, 
Old v .jJ 
Nozzle f l 

Inside 

O°(fxoa ins ide surface)! 

- 7° \^6 
', 2 d irect ions 

B - F Full length of velds 
width of veld + T/2 
at both side for safe 
end of nozzle 

r< :> 
10°, 45? 55° 
3 directions c 

B - G - l Flange ligsaents. 
See the Fig., except 
with near area of 
guide stud 

tvnck Scanning 
0° 
fros) flange face ' 
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Holder of Transducer 

The flange of the Beactor Vessel Is located in water at a depth 6 m 
of the bottom of cavity. The ultrasonic transducers shall be oper
ated for scanning by remote control in a depth 16 m in total* 
Transducers are hold by holders to operate scanning at a very accurate 
positioning. Typical holders of the transducer for use examination 
of shell ejM shown in Fig. 1 and for curved surface in rig. 2. 

Pig. 1 Pig. 2 
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ANNEX h 

Definitions of NDT Levels of Certification 

1. NDT Technical Assistant - Level 3 

An NDT Technical Assistant is defined as a person vho is capable of carrying 
out established NDT test under the supervision of an NDT Technician or an NDT 
Technologist. 

a. Have a minimum of 12 months experience in Radiography or six months experience in 
ultrasonic testing 

b. Pass an examination for NDT Technical Assistants set or approved by the appropriate 
Regional Professional Society Authority. This examination will cover elementary 
theory of the test method, the operation of NDT equipment^established test proce
dures and safety principles involved in the use of the NDT equipment. 

2. NDT Technician - Level 2 

An NDT Technician is defined as a person who is capable of: 
a. Accepting responsibility for an NDT Section of activity under the direction of 

an NDT Technologist. 
b. Adapting established techniques for tests to be performed in unusual circumstances. 
c. Interpreting indications of defects; evaluation of defects in terms of expropriate 

codes and specifications 
d. Preparing reports and signing reports of a routine nature 
e. Setting up and calibrating new equipment 
f. Accepting responsibility for safe working procedures such as radiation safety in 

the case of radiography. 

The NDT Technician is required to have: 
a. A level of education and knowledge in science and mathematics equivalent to 

2 years of university study. 
b. Have a minimum of 2 years experience for radiography and for ultrasonics and 

six months experience for eddy current testing. 
c. Pass an examination for NDT Technicians set or approved by the appropriate Regional 

Professional Society authority. 

3. NDT Technologist - Level 1 

An NDT Technologist is defined as a person who is capable of assuming respon
sibilities for the technical management of an NDT organization or section including: 
a. The quality of testing performed by subordinate staff 
b. The selection and specifications of test methods in the absence of appropriate 

codes and standards 



c. The preparation and issuance of oritic-sl -it: 1 non-routine r̂ r̂ rt:;. 
The NDT Technologist is required to have: 

a. An accredited university degree or diploma "_n engineering, metallurgy, or materials 
science or equivalent. 

b. Have not less than 3 years experience, incluaing theoretical and practical 
knowledge of the most commonly used NDT practices, but to include radiography 
and ultrasonics. 
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ANNEX 

BCA MPT Working Group 

— Organization of Training Course 

— Advanced Course (international) -f 

Basic Theory for Level I, II, III 
Practical for Level I, II, III 

Text8, curriculum and equipments 
shall be prepared 

Co-ordlnator Training Course (Core Group) 
{international) 

Discussions on 
ln-country training course, 
qualification test procedure, 
and certification procedure 

Discussion items, draft for 
international standard questionnaire 
shall be prepared 

Establishment of Certification Procedure 

4r~ Input by the 
NDT Working 
Group 

^— Input by the 
NDT Working 
Group 

In-country Qualification Test Committee 
(Professional Society) 

Establishment of Test Procedure 
paper test and practical test (for Level I, II) 

(for Level III) 

In-countrr Certification Committee 
(Professional Society or Government) 

Issuance of certificate 

— Co-ordlnator Meeting (International) ^ - Co-ordinate by 
BCA (IAEA) 
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TECHNICAL, ECONOMIC AND COMMERCIAL ANALYSES 
SUB-PROJECT 3 

RADIATION PROCESSING 

THIS DOCUMENT IS BASED ON A WORKSHOP ON RADIATION PROCESS FN", Ul TAKA3AKI 
JAPA'I, 9-16 JULY 1930, AN IAEA CONSULTANTS' MEET!ID ON APPLIED RADIATION 
CHEMISTRY IN TOKYO, JAPAN, 3-1* NOVEMBER 1930, Arm THE UNDP PREPARATORY 
ASSISTANCE WORKING GROUP MEETING IN JAKARTA, INDONESIA, 6-3 NOVEMBER 1930. 
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III. MDIATIOH PROCESSING 

A. Status of Radiation Processing in Industries 

Radiation processing applications in industry have now reached a 
mature state in many countries of the world, notably t' . United States, 
USSR, and Japan. However, large scale commercial radiation processing 
plants now operate in Australia, France, Hungary, India, the Republic 
of "orea, Malaysia, United Kingdom and Yugoslavia. This industrial 
technology, which ?Q years ago was just ^merging, is now experiencing a 
growth rate of ?Q% annually with a gross manufactured product value in 
excesn of US$? billion. 

The major large scale radiation processes now in place in industry 
include: 

1) Radiation sterilization of nedical products 
2) Curing of surface coating of wood product and 

oth?r mitnuf̂ .cti.rod goods 
3) Radintion r̂osf-l inked wire and cable with important 

application:- in oJ.ectr.ical products for consumer use, 
telecommunications aystems and in central station 
nuclear eloof.ri<: power plants 

h) Radiation <vrosr, Linked foam r-lastics having a large application 
as a cushioning material for consumer products including 
automobiles and household furniture 

5) Radiation crosslinked film and tubing having large scale use 
in the food packaging and other industries. 

Table I identifies these and other radiation processes. 

The rapid movement in technology acceptance of radiation processing 
in industry results from important advantages which are achieved over 
conventional manufacturing practice involving the use of chemicals and heat. 
The gains achieved by radiation demonstrate technical, economical and 
social benefits. 

These include: 
1) Energy conservation 
?) Raw materials conservation 
3) New or improved product quality 
'0 Added value to iri'lir noun products 
'.*>) Reduced import vol mm 

http://oJ.ectr.ical
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Table I 
Industrial Radiation Processes 

_ Upgrading of polymeric insulation on wire and cable. 

- Crosslinking of polyethylene foam for better foam control. 

- Crosslinking of polyethylene for improved stress - work resistance. 

- Vulcanization of sheet rubber. 

- Curing of organic coating on plastic, metal and wood substrates. 

- Grafting to textile fibers for improved dyeability, scain release, permanent 

press and anti-static properties. 

- Curing of glass reinforced polyester sheets. 

- In situ polymerization of plastic in wood and concrete and curing of adhesives. 

- Irradiation of wood pulp chips to reduce outside storage losses and 
increase pulp yield. 

- Improve switching speed of semi-conductor diodes. 

-Sterilization of medical disposables. 

- Ion implantation in semi-conductor materials. 

- Imparting plastic memory. 
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6) Elimination of residual chemical contaminant in medical 
products and 

7) Improvement in environmental quality. 

The factors are not only of major importance to industrialized 
countries but to developing countrie? ac well and are elaborated as 
follows: 

l) Energy Conservation 

The impact of the OPEC oil price increases which have occurred since 
1973 have been particularly onerous to all nations dependent upon energy 
resources external to national reserves and capabilities. Nations with 
the greatest adverse impact are those least able to accommodate a major 
drain on their economic stability due to the need to import a large 
fraction of their energy requirements, the developing countries. 

The ase of radiation processing by developing countries, where 
appropriate industries exist, offers a means for assisting in the beneficial 
management of energy consumption through the high efficiency of conversion 
of electrical energy to process catalysis which is more than 50%. Table II 
compares energy costs for thermal and radiation processing for selected 
industrial application. 

2) Materials Conservation 

Radiation processing offers developing countries a means for reducing 
imported materials with high shipping costs over long distances such as 
polyethylene. 

3) Value Added 

Radiation processing can provide a means for developing countries to 
create integrated industries from indigenous materials to manufactured 
products for export thereby improving their trade balance while increasing 
employment at the local level.The ability to benefit trade balance through 
effective competition in world markets and to create new employment is a 

.../. 



rable II 

RADIATION PROCESSING 

The Sensible Alternative to Escalating Energy Costs 

Energy Requirement Comparison 

1. 

Applications 

Crosslinking Polyethylene 
on 600v - 4/0 Wire 

Heat 

2.4C/kg 
(CV system) 

Radiation 

l.K/kg (15 Megarad) 

2. Vulcanization of 
Sheet Rubber 

6.2C/kg 
(roto-cure) 

0.73C/kg 
(10 Megarad) 

3. Curing Reinforced 
Polyester Panels 
(1500 kg/hr) 

$50/hr 
(gas fired oven) 

$12/hr 

4. Curing Paint (Energy 
Input for Same Product 
Throughput) 

$9G00/month 
(gas) 

$1600/month 
(electricity) 

5. 

.» 

Food Preservation 3.7C/kg 
per day 

(refrigeration: 
15% load cap.) 

.04$/kg 
one time 

(0.5 Megarad) 

6. Medical Disposable 
Sterilization 

$1.80/m3 

(ETO) 
40e/m3 

(2.5 Megarad EB) 
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prise goal of most developing nations of the world. Rubber, paper, 
textiles and wood products are examples of such industries in RCA 
countries which can be economically benefited through added value 
achievable in noving from export of their raw material to finished 
manufactured products. 

k) Reduced Import Volume 

Reduction of imported, high value manufactured products is of 
major importance to developing countries such as those of the RCA. 
Radiation processing can beneficially effect the volume of materials 
required for selected manufacturing operations by a factor of two 
to three. 

5) Hew or Improved Product Quality 

the use of radiation processing for product manufacture results 
in new or improved product quality. Heat shrinkable film is widely 
used in the food packaging industry because of its visual display 
properties for the consumers, its iraperviousness to outside 
contaminants and its ease in handling for wrapping purposes. 
Crosslinked wire and .iable insulation provides improved mechanical 
and electrical properties required by electric products, tele
communications and nuclear electric power industries. Radiation 
curing of surface coatings on wood ana other products yield high 
gloss surfaces with excellent hardness- and durability properties with 
increased product market value. 

6) Elimination of Ruiudutl Ctvanign"! Content in Medical 
Products 

Conventional industrial uteri Li '.at ton production methods 
using ethylene oxide for medical pro'lucs are under increasing 
attention by national health autloriti<.-L< iue to residual chemical 
levels in manufactured good.i intondwl f>r hitman use. Radiation 
sterilization i3 a eorapltaely el ran, . >)' effective, unii.ized 
production method f.>r medieal product';. 
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7) Improvement of Environmental Quality 

In view of the high population density of many developing countries 
the added benefits of radiation processing in the reduction of environmental 
pollution are important. A major advantage for example is the use of 
solvent free manufacturing processes for coating/adhesive applications 
and also in the traditionally "high solvent" applications such as printing, 
metal decoration and protective coating as well as wire coating. 

Of the radiation processes now fully developed and in industrial 
practice with well understood technical, economic and social benefits, four 
have been determined, through careful analysis by lead'ng experts in the 
field, to have important value to RCA countries. These are: 

1. Radiation vulcanization of natural rubber latex 
2. Surface coating of wood products 
3- Medical product sterilization and 
h. Czosslinking of wire and cable insulation. 

The criteria used for selection of these processes for demonstration 
and technology transfer to industries in RCA countries under the planned 
UNDP Regional Project are: 

1. Technology readiness 
2. Technical and economic merit 
3. Added value to indigenous Regional natural resources 
k. Social benefits 
5. Existence, and in place, of required basic industries for 

acceptance and participation in the technology 
transfer process. 

Technical and economic merit, specific work plans and budgets for 
each process are set forth in subsequent parts of the Sub-Project Document. 

W B # / • 
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B. Profile of Rubber, Wood, Wire and Cable, and Plastic 
Products Industries 

1. Natural Rubber 

a) Natural Rubber Production 

The RCA Member States are producing approximately 3.5 million 
tons of natural rubber per year which is about 96* of the world's production 
(Table III shows current statistics). Malaysia and Indonesia are the 
world's largest and second largest producers. 

It is surprising that more than 90% of the natural rubber is 
exported as raw material as shown in Table IV. Therefore, Member 
States could benefit from exports of value added manufactured products. 

Table IV 

Production, Export and Local Consumption of 
Natural Rubber in 1979 (thousand tons) 

Production Export Consumption 

Malaysia 1,650 1,609 Ul 
(97.5*) (2.5*) 

Indonesia 917 86l 56 
(93.9*) (6.1*) 

Sri Lanka 150 lfcO 10 
(93.3*) (6.7*) 
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b) Natural Rubber Latex Production 

As shown in Table V, about 2U0,000 tons of natural rubber latex 
concentrate were exported annually (1971* to 1979) from the RCA Member 
States 

Table V 
NET EXPORTS OP 

NATURAL RUBBER LATEX 

Ptnln-

Mitt 
Sri 

Unto 
Vltu 
Nun 

Cim-
* * * • 

UMHt TOTAL 

lf*9 
1970 
1971 
1972 
1971 

r7J.2l4 
I72.S9* 
I90.S*4 
204.MJ 
IW.MI 

M.SM 
20.M9 
JJ.JM 
1S.S0I 
S9,79* 

— 2.0«7 
I.OM 
J.iM 
1.4*1 

IJ.M* 
7,««» 

».«49 
4I.4JS 
JS.*0* 
19.44I 
11.41* 

2SU4I 
M M * * 
mm 
20J.97J 
171.091 

1974 
I97S 
197* 
1977 

I09.W9 
l«S.J39 
2?».«SS 

12.411 
2S.SI1 
M.0I1 
1S.W1 

2 
4] 
90 

1 
— 

J4.*$) 
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Table VI shows the production and domestic consumption of 
latex in Malaysia, India, Indonesia and Sri Lanka in 1979. 

Table VI 
l 

I 

Natural Rubber Latex Concentrates Production 
and Local Consumption in 1979 

i 

1 I I i • • - - — - — • — — 

1 ____ --?^odIM:£i22-iiE-£2!l£l_-i£££lJ£2£HBE^25-ii2-£225) 
n -... -------- -j. ̂ . — 

50,000 50,000 
36,000 8,800 
2,000 0 

Malaysia 
India 
Indonesia 
Sri Lanka 

Total ^22*222 Iix§22-
» w f w 

http://Ar.ni
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Considering the large amounts of latex exported and snail amounts 
of local consumption for manufactured products, there are considerable 
capacities for acceptance of the radiation vulcanization of the latex to 
produce precured latex and finished products for export. 

Annual import of natural rubber latex from RCA countries to 
major developed countries is listed in Table VII. 

Table VII 

Import of Natural Rubber Latex 
(in tons) 

| U . S . A . U.K. | France W.Germany Japan World T o t a l 

1971 68.371 21.30UJ 14.1*! 27.539 21.00S 277.500 
1972 72,993 2i.eotf 12.06: 27.495 21.300 295,000 
1973 70.74! 21.000! 

19.300[ 
12. MC 29,2M 23,001 297. SCO 

1974 49.423 
21.000! 
19.300[ 10.91C 1ft. 267 19.20C 2(3.500 

IKS so. an 17.SC0J 
16,H»j 

10.331 1ft. 391 15,200 267,500 
197$ Ml 992 

17.SC0J 
16,H»j 10.625 19.096 ia, aoo 277,500 

1977 61.052 13.9001 7.41* IS, 997 is. too 20.750 
197» SS.S01J 14.1031 6.701 19,900 19.200 295,750 

c) Finished Products for Natural Rubber Latex 

RCA countries are producing finished products, such as gloves, 
foam and thread, from the latex with their own technology. For example, 
Table VIII shows local companies and their products in Sri Lanka. 
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Table VIII 

Companies Producing Finished Products from NR Latex 
in Sri Lanka 

Company Type of Product Consumption (ton) 

1. Gloweale Rubber Co. Ltd. 
2. Richard Pieris and Co. Ltd. 

3- Ceylon Cooperative Industries 
Union Ltd. 

U. George Stewart Industries Ltd. 
5. IDB 
6. Metropolitan Industries Ltd. 
7- Coir Foam Industries Ltd. 
8. Dipped Products ltd. 
9. New Sydney Industries 

10. Mercantile Corporation 
11. Shums Products 
12. Delan Exports Ltd. 
13- Others 

Rubber thread 
Foam rubber, 
Dipped products 
Rubberized coir 

Rubber thread 
Miscellaneous 
Foam rubber 
Foam rubber 
Gloves 
Rubberized coir 
Rubberized coir 
Dipped products 
Rubber sheets 
Miscellaneous 

525 
1*00 

355 

233 
1U0 
61 
62 
53 
16 
1.3 
22 
18 
60 

Total 2,018 

Finished products from latex and their annual production 
are shown in Table IX, X and XI for Malayr-ia, Sri Lanka and Japan. 

Table IX 

Finished Products fro-n NR Latex in Malaysia in 1979 
(in tons) 

Foam 6,300 W>% 
Thread 1»,200 10% 
Pipped p roduc t s (g lovcn) 2,800 20% 
Others 700 :% 

T o t a l lU fOi)0 100* 

• w • / • 
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Table X 

Finished Products from NR Latex in Sri Lanka in 1979 
(in tons) 

Thread 750 37.5* 
Gloves 100 5.0* 
Foam 500 25.0* 
Rubber coated coconut fabrics 550 27-5* 
Others 100 5.0* 

Total 2,000 100.0 

Table XI 

Finished Products from NR Latex in Japan in 1979 
(in tons) 

Gloves 
Thread 
Rubber coated fabrics 
Carpet-back ing 
Adhesives 
Asphalt blend 
Sealant 
Others 

U,000 
500 

1,000 

12,000 

500 

22* 
3* 
6* 

66% 

3* 

Total 18,000 100* 
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2« Wood Products (Plywood and Particle Board) 

Most of the RCA countries are exporting forest products. 
As shown in Table XII, the Republic of Korea, Malaysia, the Philippines 
and Singapore are major exporters of plywood paneling. The export share » 
of RCA countries - excluding Japan and Australia - for plywood is 
as high as k2%. The plywood is a product whose value can be readily 
increased at small costs by decorative and protective surface coating 
using electron beam curing technique. The added benefit to 
exporting high quality finished panel would be enormous. 
The particle board production is still low but would increase rapidly. 
The wood industry in RCA countries is almost exclusively indigenous, 
so that the prospect is excellent for the transfer of technology. 

Table XII 

Production of Plywood in RCA Member States 
from 1976 to 1978 

1976 1977 1978 

Austra l ia 73 78 80 

Bangladesh h 2 2 

India lUl ll»9 1U9 
Indonesia 21U 279 k2k 

Japan 7,136 7,U76 8,016 

Rep. of Korea 1,671 2,289 2,560 

Malaysia 525 565 M l 
Pakistan 2 2 2 

Philippines 1»16 1*89 l»90 
Singapore 380 3U8 3U8 
Sri Lanka 21 17 17 
Thailand 63 68 75 

World's Total 38,813 1*1,327 1*1,553 
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Table XIII 

Export of Plywood froa RCA Mother States 
in 1976-1978 

(1,000a3 - ($1,000) - ) 

1976 1977 1978 

Australia ( 1,3**7) 1 ( 1,278) ( 1,226) 
Bangladesh - - -
India 33 ( 9,039) 15 ( 5,930) 15 ( 5.930) 
Indonesia 13 ( 867) 1U ( 2,351) 1 ( 1,81*8) 
Japan 133 ( 76,539) ii»o ( 96,55»») 105 ( 88,907) 
Rep. of Korea 1,623 ( 3*7,589) 1,703 ( 1*08,717) 1,605 ( 1»11,95U) 

Malaysia 1*07 ( 7U.820) 3W» ( 66,706) UlO ( 8I»,592) 

Pakistan - - -
Philippines 200 ( 1*3,163) 3U0 ( 55,957) 1*10 ( 77,1*13) 
Singapore 1*59 ( 93,678) Ml ( 93,765) 553 ( 128,760) 
Sri Lanka — — — 
Thailand 11 ( 2,25fc) 5 ( 1,219) 1 ( 283) 

World's Total 6,233 (1,618,677) 6,387(1,777,U10) 7,102 (2.069.U66) 
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Table XIV 

Production of Particle Board in RCA Member States 
from 1976 to 1978 

(in 1,000B 3) 

1976 1977 1978 

Australia - - -
Bangladesh - - -
India 13 1U lU 
Indonesia 
Japan 901 9*»1 9*»1 
Rep. of Korea 56 57 k5 
Malaysia 1 1 9 
Pakistan 18 18 18 
Philippines - - -
Singapore - - -
Sri Lanka 2 3 3 
Thailand 6 5 5 

Worlds Total 35,031* 36,681* 38,589 
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3. Wire and Cable 

Indonesia, Rep. of Korea, Singapore and India have a strong interest 
in the introduction of radiation crosslinking technology of wire and 
cable to improve product quality. 

In Indonesia, the total annual production of wire and cable is 
approximately 30,000 tons. The Supreme Cable Manufacturing Corporation, 
one of the largest cable companies in Indonesia, has expressed interest 
in participating in this Sub-Project work and introducing radiation 
crosslinking technology into its production operations. Annual sales 
of wire and cable were US$5 million in 1978. Indonesia plans to use 
radiation crosslinked wire and cable for its national nuclear electric power 
plant programme. 

In Malaysia, the annual production of wire and cable from 
1977 to 1979 was: 

1977: 3,827 tons 
1978: 5,195 tons 
1979: 7,812 tons 

The rate of production of wire and cable increased 50£ in 1979. 

Production projections for 1980 to 1983 are: 

1980: 9,765 tons 
1981: 12,200 tons 
1982: 15,255 tons 
1983: 19,072 tons 

In 1979, Sri Lanka's production of PVC insulated small diameter 
wire was 20 million meters. This national production level was shared by 
five im atrial firms. The largest producer "Kelani Cables" had a production 
of 13.5 million meters in 1979. 

In 1979, India's production of PVC insulated wire and power cable 
was 570 million meters and 16 million meters, respectively. 
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U. Radiation Sterilization of Medical Products 

In the RCA Region, there are two UNDP demonstration plants for 
radiation sterilization of medical products, one in India and the other in 
the Republic of Korea (IND/T1/509 and ROK/T1/535). In addition, Japan 
and Australia have commercial plants in operation. These plants and the 
experience gained in their operation are readily available for infrastructural 
support to further the programme of radiation sterilization in the 
RCA Region. 

What appears to be most important in so far as the developing 
countries are concerned is the sharing of know-how and available information 
for radiation sterilization technology transfer. Unlike many advanced 
technologies, radiation sterilization is also an appropriate technology 
tailored * the conditions prevailing in the developing world. It is the 
experience in India and in the Republic of Korea that radiation sterilization 
has a large role to play in rural health care and in family welfare 
programmes. 

There is a large interest in Bangladesh, Indonesia, Malaysia, 
Philippines and Thailand in obtaining the necessary information to decide 
on planning for radiation sterilization plants and the know-how for the 
operation and maintenance of the plants. 

In meetings convened by IAEA and national bodies, the concensus 
has been to generate the necessary data and assess how the socio-economic 
benefits of radiation sterilization compare with the costs involved. The 
1978 IAEA Working Group meeting in Seoul also expressed the necessity 
for sharing of information through training courses etc., so that the 
relative benefits of the radiation sterilization method to health care 
programmes in each country can be assessed. 
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C) Regional Benefits from the UNDP Demonstration Programme 

1. Radiation Vulcanization of Natural Rubber Latex 

a) Technical Benefits 

The technical benefits of radiation vulcanization of natural 
rubber latex are summarized as: 

1) Simplicity of Process 
2) Better product quality control 
3) Long shelf-life of vulcanized latex 
k) Energy savings 
5) Non-toxic residues in products 
6) Transparent products. 

A detailed technical characterization of the process is described 
in the subsequent Section D. 

b) Economic Benefits 

As described in the previous section, most of the natural rubber is 
exported from RCA countries as raw material. The radiation vulcanization 
process provides a simple and reliable technology to produce value added 
finished products and vulcanized latex which can be exported. The long 
shelf-life of the vulcanized latex coupled with an excellent quality control 
capability can result in significant export advantages. The radiation 
process also results in energy saving over the conventional thermal process 
with concomitant economic advantages. 

A cost analysis made by Japanese authorities, comparing the radiation 
process and the thermal process, and presented at the IAEA Workshop in 
Tokyo, h November 1980, is shown below: 

l 

I 

Table XV 
Comparative Cost Analysis for Rubber Latex Vulcanization 

for Dipped Products ($/Kg dry rubber) 
Item Thermal Radiation 
NR Latex 2.2U 2.2U 
Precure 0.30 o 
Mixing o.33 0.08 
Stabilizer 0.11 o.ll 
Radiation 0 0.3U 
CClU 0 o.02 
Post-cure 0.19 0 
Drying 0.38 0^38 
total 3.55 3.17 
Benefit of Radiation Process 0.38 
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It is important to observe that radiation processing production 
costs will be reduced over conventional technology in addition to enhanced 
product properties. 

Assuming a 10,000 ton/year production of dipped products from 
natural rubber latex, $3.8 million will be saved annually by using 
radiation processing. 

c) Social Benefits 

1) Increase in industrial activity and employment 
2) Increased availability of high quality products in the 

local market. 

2. Surface Coating of Plywood and Particle Board 

a) Technical Benefits 

1) Avoidance of pollution by eliminating the use of solvents 
2) Energy savings 
3) Production of high quality products 
It) Room temperature processing 
5) Compact processing equipment with resultant space savings 

6) Instantaneous start-up and shut-down. 

b) Economic Benefits 

The major cost benefit is brought about by the energy saving and 
the non-solvent capability mentioned above. As shown in Table II, energy 
requirements of radiation curing are one third of the thermal curing process. 

2 Solvent savings rage from 2 to 30gn/m . 
An economic analysis of commercial wood panel coating line has not been 

published. However, an analysis made by the Japan Atomic Industrial Forum 
indicates that, on the basis of a production of at least 100,000 pieces per month 
of colored slate, radiation curing is more economical than the thermal process. 
United States authorities reported during the IAEA Consultants' Meeting on 
the economic benefits to be gained by using low energy self-shielded machine 
for surface coating. 

• » • / • 
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It is important to emphasise that radiation curing can provide 
very high quality finishing which results in increased market value. 

c) Social Benefits 

1) Better health environment due to the non-solvent process 
2) Resource savings 
3) Energy savings 
k) Export of value added products made from indigenous materials. 

3. Radiation Crosslinking of Insulated Wire and Cable 

a) Technical Benefits 

The following enhanced properties of radiation crosslinked 
wire are not readily obtained by conventional processing: 

1) Improved mechanical properties at high temperature 
2) Ability to solder without melt 
3) High chemical resistance 
U) Improved flame resistance 
5) Hard and slippery surface. 

The details are described in Section D.l.c. 

In addition to the improved properties of the products, 
room temperature capability of the process provides energy saving 
in comparison to the thermal crosslinking. 

b) Economic Benefits 

Radiation crosslinking is the only available technology for production 
of small diameter wire. Therefore, this technology is essential for the 
production of high quality wire used for automobiles, electric appliances, 
telecommunication stations,and nuclear electric power plants. 

A case study pertaining to medium sice wire made by the 
Japan Atomic Industrial Forum shows that, at a production rate of 
300km/aonth, the production costs are almost the same between the radiation 
and the thermal method. Radiation processing is less expensive at a production 
rate higher than 300km/month. 



1 
c) Social Benefits 

1) Increased availability of high quality products in 
local aarkets 

2) Increased industrial activity. 

• m 9 f 0 
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D. Supporting Document and Information 

1. Technical Description for Each Radiation Process 

a) Radiation Vulcanization of Natural Rubber Latex 

Comparative process diagrams for radiation and thermal vulcanization 
of natural rubber latex are shown in Figures 1 and 2. 

m LatexY Radiation 
Vulcanization 

Dipping Drying 

2.5 Mrad 
CClU 3% 

Room temp. 

70°C 
2 hours 

1 Products 

Fig. 1 Process Tor radiation vulcanization of natural 
rubber latex 

Natural rubber latex concentrate (60>l solid rubber) containing 
1% CClU (sensitizer) is irradiated at ambient temperature in a cylindrical 
vessel with 5̂ -rays from Co-60 for several hours. Rubber molecules are 
crosslinked by radiation to form giant molecules. Accordingly, the mechanical 
and chemical properties of the products for latex are improved to a 
great extent. Total dose required for the vulcanization is 2.0 - 2.5 Mrad 
For homogeneous irradiation slow agitation is applied. 

Molds are dipped into vulcanized latex, then dried in order to 
make solid film on the molds. Molds are removed from the products. 

The radiation vulcanization process is much simpler and more energy saving 
than the conventional thermal process which has two vulcanization steps 
before and after dipping as shown on Figure 2. 

Antioxidant 
Stabilizer 

90-100°C 
S u l f u r Z n ° l « « A W € i l 60 minutes 
Sens i t izer •'[DispersingJ-^Mixing}—»|Precure -^[pipping \-* Drying -»[po8t-cure 

in ba l l -mi l l 

2h hours 
2-3 days 

1*0-50°C 

70°C 

2 hours r- • .. . a t .— 

Products] 

Fig. 2 Process of thermal vulcanization of natura l rubber la tex 

. . . / . 



- 321 -

Advantages of the radiation vulcanization of natural rubber latex 
are: 

1. Long shelf life of vulcanized or cured latex 
2. Good quality control 
3. Simplicity of process 
k. Energy savings 
5. Transparent products 
6. No toxic residues in products 

The vulcanized latex is used for manufacturing various products, 
such as gloves, threads, medical tubes, condoms, adhesives, carpet backing, 
rubber coated fabrics and sealant whose current market share is shown in 
Section B. Approximately 290,000 tone of the latex are consumed all over 
the world. 

b) Radiation Curing of Surface Coating of Sheet Wood Products 
This technology provides a non-pollution and energy saving method 

for high quality finishing of wood products, such as plywood and particle 
board without using any solvent or heat. This has been commercialized 
in developed countries for almost ten years as shown in Table XVI. 

Table XVI Industrial electron curing lines. 

Kanufacturer Location Equipment Application 
Svedex 'Netherlands Scanning type Doors 
Bruynzeel XI, Germany Scanning type' Doors. 
Parieot France Scanning type Furniture 
Suzuki Japan Scanning type Cycle Parts 
Nakazato Japan Scanning type Roof tail 
Kunz R. Germany Scanning type Paper 
Letron 0. Germany Scanning type Paper 
Blxby U.S.A Curtain type Flock (Shoe) 
King Seeley O.S.A Curtain type Metallized Fila 

Insulation Foil 

More recently, at sooe other lines in USA and Europe, curtain-type 
systems have been adopted on the finishing of paper, surface of wood, 
Flock, and foil etc. 

» • • / • 
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Figure 3 shows a simplified flow diagram of the finishing 
process for top coated wood panel and/or top coated paper laminated wood 
panel and particle board. 

Plywood, 
Particle board — * \ Sanding "HCoating—*{Laminationj *{Top coating 

Radiation 
I 

Products j 

Fig. 3 Production line of top coated plywood and particle 
board by radiation 

The finishing begins with the sanding of the raw panels, cleaning, 
and the application of the laminating adhesive with a roll coater. After 
lamination of the printed paper from an overhead unwind to the adhesive 
coated board, the paper is cut off so that the panels are separated. The 
top coat is then applied, typically with a curtain coater. The panel is 
conveyed into the shielded room for electron beam irradiation. Inert gas 
is introduced into the curing station from an inert gas generator. The 
production speed is in the range of 10 to U0 m/min. 

The chemical principle of this coating method is illustrated in Figure U. 

Coating is composed of liquid vinyl, monomer and unsaturated polymer 
dissolved in the monomer. Under irradiation, the monomer polymerizes and 
crosslinks to form polymers by producing double bonds. 

I Vinyl BODOiser I— 
— — s s — s r— a t; 
Uosaturatcd 

polyntr 

fifcent 
etc, 

Coatlne 
compostton 
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•at film Cared f l lu 
(Cross-liakiBi 3 

Electron-bea 
radlatiom 

Fig. k Chemical reaction scheme for radiation 
curing of coatings 

As shown in Figure 5» a typical finished board construction 
2 2 

involves 50gm/m (ca. UO>i) of top coat on 30gm/m of printed paper 
with up to 70gm/m of adhesive. 

N S 2 DECORATEO PAPER 30GM/M* 

, LAMINATING T O G M / M * 
3 ADHESIVE n ' w l / " 

»V,ViT."«"»Vr ^ PARTICLE BOARD 03-3CM 
__ — _ - - _ _ - _ THICK 

Fig. 5 Schematic structure of finished board 

The advantages of this radiation curing technology are summarized 

as: 

1. Pollution free due to elimination of organic solvents 
2. Energy savings by the elimination of the heating process. 

• / 9 • • 
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3. High quality of finished products, such as high scratch 
resistance, abrasion resistance, hardness, chemical resistance 
and durability 

k. High production line speed - curing can be completed in less 
than one second - compact space 

5. Space savings due to compact processing system 
6. Room temperature capability - applicable to temperature sensitive 

substrate such as plastics, paper and wood 
7. Instantaneous start-up and shut-down of operation. 
The superior surface properties of electron cured top coats 

have been demonstrated by the pioneering work of Ford Motor and many other 
companies. Table XVII shows a summary of the performance tests made on 
single coating and paper laminate constructions by Universal Woods, Inc., 
in the USA. 

TABLE XVII 
COMPARATIVE PERFORMANCE TESTS: 

EB CURED PRODUCTS AND A HIGH PRESSURE LAMINATE 

Test 
2 Mil 2 Mil 

EB White*1) EH Clear*1) 

Belmar Scrape Adhesion 6 8 
Hoffman Scratch 1800 1100 
Taber Abrasion:*2) 

Cycles to Failure ? 500 gm 1A4 
Mg l o s s / 1 0 0 Cycles 155 161 

Hot Wax Resistance*^) No E f f e c t No F.ffect 

Bo i l ing Water Perfornance* 4 ) No F.ffect No Effect 

High Pressure 
L«.r.:Jnate 

10 

A Of) 

145 
82 

No Ef fec t 

No Ef fec t 

«S0 

( 1 ) Topcoated on a wood-grain paper:part ic leboard 
Coatings R109W66 (White) and R81N66 (Clc . ir ) . 

(2) As s p e c i f i e d under NEMA LD3-3.01. 

(3) As s p e c i f i e d under NEMA LD3-3.06. 

(4 ) As s p e c i f i e d under NEMA LD3-3.05. 

laminate . VVC 



- 325 -

c. Radiation Crosslinking of Wires and Cables 

Radiation crosslinking of wire and cable insulation has been 
commercialized for over two decades. This technology has been used in the 
manufacture of products with the following enhanced properties which are 
not readily achievable using conventional processing: 

1. Improved mechanical properties at high temperature 
- high tensile strength 
- high abrasion resistance 
- greatly improved cut-through resistance 
- non-melting property 

2. Ability to solder without melt and shrink back 
3- Ability of current overloads without melt-off of insulation 
k. Resistance to fluid attack 
5. Improved flame resistance 
6. Hard and slippery surface enhancing pulling into ducts or trays 
7. Surface becomes easier to print or colour code by crosslinking 

oily ingredients. 

Table XVIII compares an irradiated polyolefin system (Exane) to 
the conventional 90 C rated ethylene-propylene (EP) rubber insulation with 
Hypalon sheath (EPH). 

As shown in Figure 6, the production line for radiation crosslinked 
wire is uncomplicated. It consists of an extruder for insulating material% 
such as polyethylene and polyvinyl chlorid outside conductor. The irradiation 
is made in air, at room temperature, using an electron beam accelerator. 

Conductor 
PE or PUC 
Additives 

Wire Irradiation Products 

Fig. 6 Production Line for Radiation Crosslinked Wire 

So far, this technology is applied to the production of 
thin-wall insulation wire which is used for: 

1. Automobiles 
2. Electric appliances 

./... 
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TABLE XVIII 

I . 

COMPARISON OF EPR/HYPALON (EPH) 
WITH IRRADIATED POLYOLEFIN 

EXANE* 

Mechanical 

Scrape Abrar:ion-Cycle3 
Bar Abrasion UJL-719-Cycles 
Dynamic Cut Through-Pounds 
Crush Resistance-Pounds 

UL Test 
3" x 5" Plates 
3/4" Mandrel x 5" Plate 
Wires Crossed 45° 

impact MIL-C-13777 27* 

I I . Plammability 

IEEE 383 (70,000 BTU) 
(210,000 BTU) 

UL = FR-1 

After Diesel Oil 
As Received Soak 

Exane EPH Exane EPH 
.8-11876 349-643 

2.700 370 
373 111 51 16 

6,748 3,286 1,049 252 
34,000 19,000 
19,000 4,500 

>50,000 28,000 
>500 125 

F P Not tested Not test 
P P N . T . N T . 
P 2 sec P 52 sec P 12 sec Fail 

III. Fluid Resistance 

Water IEEE Std 45 74 'C 14 day 
90° C 1 week 

I V . 

Exane 
Pass 

ii 

Diesel Oil 60°C 120 Hours % Swell 16 
Pydraul 29E 1 week Room temp 50 C C 

Exane 

-65*C Cold Bend MIL-W-22759 
24 Hour fl60°C 24 Hour -65"C 

bend and 7.5 KV Dielectric 

Pass 

Pass 

EPH 
P a s s 
N . T . 

20 

EPH Exane 

Fail 

Fail 

EPH 
% Swell 3 16 12 24 
% Tensile Retention 95 35 72 20 
% Elougation Retention 100 87 71 44 . 

Temperature 
Exr.ne EPH 

• 
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3. Computers 
U. Electronic equipment 
5. Telecoanunication central cables 
6. Aircraft 
7. Electric pover plant cables for nuclear and fossil fueled 

central electric pover stations. 



- 328 -

d) Radiation Sterilization of Medical Products 

The fact that radiation can kill microorganisms has resulted in its 
large scale use for sterilization of medical products. The radiation technique 
has several advantages over conventional techniques such as autoclaving and 
ethylene oxide (ETO) gas treatment, particularly for single use, disposable 
products. The main advantages are: 

1. The degree of sterilization is several orders higher 

2. The sterilization can be carried out with pre-packed, 
ready to use products. Though ETO is a competing 
technique in this respect, it should be noted that 
it is usually a single use facility for large manufacturing 
concerns. Radiation plants can be used as a centralised 
facility for a large Region serving all categories of the 
medical products industry. The requirement of trained 
man-power is also much less compared to the ETO method. 

The hazardous nature of ETO as a sterilizing agent is of growing 
concern to national health authorities. It has been found to be 
harmful to operators. As an atmospheric pollutant it may be 
be harmful to patients due to the residual toxicity in the medical 
products. Recognizing the mutagenic and possible carcinogenic 
effect of ETO, the USA and some countries in Europe are phasing 
it out as a sterilizing agent. 

3. The radiation technique is the method of choice for sterilization 
of heat sensitive materials . 

U. Control of operational parameters is minimal for the radiation 
method. In fact, time is the only parameter to be controlled. 
In the ETO method, the gas concentration, temperature, humidity, 
pressure and time all must be controlled. 

There are over 80 commercial plants in operation throughout the 
world for radiation sterilization of medical supplies. This in itself is 
proof enough that the technology is well established. 
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2. Scheme of Demonstration Plants and their Operating Characteristics 

a) Radiation Vulcanization of Rubber Latex 

Figure 7 is a schematic of a 1,000 ton per year plant for vulcanization 
of natural rubber latex using tf-ray irradiation from Co-60. This plant will be 
constructed at the Centre for the Application of Isotopes anc Radiation in 
Indonesia. 

The plant consists of: 
1. Vulcanization reactor with agitator 
2. Radiation source (Co-60) facilities 
3. Storage vessels for latex before and after vulcanization 
U. Console panel for plant operation 

3 The natural rubber latex is pumped into a 1.5 m vulcanization 
reactor followed by the addition of 3% CClU. Irradiation is started by moving 
the 300KCi Co-60 source from the water pool into the reactor. The vulcanization 
vessel is placed in a concrete-shielded room as shown in drawings in subsequent 
sections. The agitator is maintained at the appropriate rotation speed for 
homogeneous irradiation. The temperature of the latex is maintained at 30 C-UO C 
by circulating cooling water in the reactor jacket. 

The total irradiation dose and time required for vulcanization is 
2-2.5 Mrad and 10-13 hours for a one batch operation. During irradiation 
a small amount of latex sample is taken out from the reactor for testing. 
After irradiation the latex is transferred to the .storage vessel. 

The plant design is for approximately 1,000 tons of vulcanized 
rubber latex using a 330 days, 2k hours per day, production mode. 

Manufactured latex products will be made using conventional dipping 
and drying technique without any post-vulcanization processing. Facilities 
for these purposes are generally available in the participating Rubber 
Research Intitutes in Malaysia, Indonesia, India, Sri Lanka and Thailand. 

• • * / # 
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b) Surface Coating of Wood Products 

The demonstration plant of surface coating of wood products, 
particularly plywood and particle board, consists of a wood panel 
handling system, a roll coater for adhesive, a laminator for printed 
paper, another roll coater for the topcoat, an electron beam accelerator, 
and an inerting system. As shown in Figure 8, a curing station and an 
electron accelerator are contained in a shielded concrete room. 

The scanning width of the electron beam is 6l0 mm, so that wood 
panel of 500 mm can be handled. The line speed is in the range of 20 
to UO m/min. and the production capacity of the plant is 10 to 20 m /min. 

2 (U,800 - 9,600 m /day, 8 hours operation per day). Inerting is necessary 
since the curing reaction is inhibited by oxygen in air. Adhesives 
and top coatings are simultaneously cured by irradiation; accordingly, 
this system is a "single-pass" finishing operation. 

The electron accelerator used is a scanning type machine with a 
beam energy of 0.2 - 1 MeV and 35 rcA current. 

c) Wire and Cable Crosslinking 

Figure 9 shows the continuous irradiation of wire and cable under 
a window of a scanning horn of an accelerator in order to get homogeneous 
irradiation and higher efficiency of energy utilization. A multi-pass 
system is often used for this type of radiation processing. 

The irradiation is carried out at room temperature and in the 
air. Oxygen diffusion into the insulation material does not occur since the 
irradiation is completed in a few seconds. 

The production capacities of the demonstration plant for selected 
types of wire are shown below: 

Polyvinyl chloride insulated wire 5 nrni0 l,000m/min. 
Polyethylene insulated wire 5 mm0 350m/min. 
Polyethylene insulated wire 10 mm0 150m/min. 

» • * I • 



if 

A bean energy of 1 MeV can penetrate 3 »n thick insulation 
material and is sufficient for small an! medium size wire and cable 
for which electron beam crosslinking is most widely used. 

Since the sane accelerator is used for both surface coating 
of wood panel and wire crosslinking, the wire handling equipment 
should be mobile. 



- 333 -

Fig.8 Plant for Surface Coating of Wood Panel by Electron Beam 

Electron accelerator 8 Air inlet 
Vacuum pump 9 Air outlet 
Power supply 10 Inert gas generator 
0 2 and CO analyzer 11 Inert gas chamber 
Shielding 12 Inert gas outlet 
Shutter 13 Conveyer 
Cooler 14 Product before curing 

15 Product after curing 
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3. Technical Specification for Major Components 

a) C0-6O Radiation Facility 

i) Co-60 Source 
Total activity 
Dinension of source pencil 

Specific activity 

Source rack dimension 
Transportation 

ii) Source Handling Equipment 
Elevator 1,000 mm w x 2250 mm 1 

Water treatment system 

X-Y crane - carrying capacity 
lift range 

Console panel 

iii) Shielded Room and Pool 
Inside dimension of shielded room 
Dimension of pool 

iv) Building 
Dimension 

300kCi 
11.1mm 0D, U52mm 1 
(encapsuled) 
50-lOOCi/g 
5,000-10,OOOCi/capsule 
UOOmm 1 x 100mm v x 1,000mm h 
via ship in shielded containers 

Chain driven 
Loading capacity 100kg 
motor driven 
Activated charcoal-
ion exchange resin 
2 tons 
12 m 
ITV, 
Graphic recorder, 
radiation monitor, and 
interlocked irradiation 
room 

(Ref. Figures 10 to 12 ) 
6 m l x 6 m v x 5 . x i n h 

5.U m l x ? m wx 6.5 m d 

21 m wx 25.6 m l x 15 t h 

# # # / « 
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b) Electron Beam Facility 

i) EB Machine 
Beam energy 
Beam current 
Scanning width 

ii) Auxiliaries 

0.2-1.0 MeV (variable) 
30-50 mA 
60 cm 

Window blower, 
gas handling system, 
personnel safety system and 
gas storage vessel 

iii) Shielded Room 
Inside dimension 
Conveyor inlet and outlet 

8m 1 x 6m w x 5m h 
600mm w x 200 mm n 

iv) Building 
Dimension 15m w x 60m 1 x 10 m h 
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c) Demonstration Production Plants 

i) Rubber Vulcanization Plant 
Reaction vessel 
Capacity 
Material 
Agitator speed 
Water jacket 
Sleeve for Co-60 source 

Two latex storage vessels 
Capacity-
Material 
Two pumps 
Capacity 
Material 

ii) Wood Panel Coating Plant 
Conveyor 
Speed 
Dimension 
Two roll coaters 

(reverse 1, direct 1) 
Dimension 
Speed 
Curtain Coater 
Dimension 
Speed 
Laminator 
Dimension 
Speed 
Inert gas gnerator 

i i i ) Wire and Cable C r o s s l i n k i n g f ' lant 

Wire h a n d l i n g .system 

Unwinding arid winding equipment 

Wir>' :;u;i!iiiiri.^ equi jiinent 

. " • • • i n n i ' . " .-•;.i----. ; 

1.5 m J (700 mmid x l,UO0 mmh) 
Stainless steel 
10-100 rpm 
kO mm thick 
U20 mm 1 x 1,020 mm w x 1 J.C0 mm h 

3 
5.0 m J 

Stainless steel 

200 1/min. 
Stainless steel 

10-70 m/min. 
30 m 1 x 0.6 m w 

600 mm width 
10-70 m/min. (variable) 

600 mm width 
10-70 m/min. (variable ) 

600 mm width 
10-70 m (variable) 
Combustion of natural gas 

100-1,000 m/min. 
race true'* syntn'' 
100-1000 m/min. 
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k. Infrastructure Required for Acceptance of Technology 

a) Radiation Technology 

India has a long experience in the production and use of Co-60 
for laboratory use. Expertise in dosimetry, source-design and source 
handling already exists at BARC. This capability has helped to set up 
irradiators in several laboratories in India for radiation biology, 
radiation physics and radiation chemistry. Indonesia, the Philippines and 
Thailand have experience and expertise in applied radiation chemisty, 
food irradiation, dosimetry and source handling in laboratory scale up 
to lOOkCi of oobalt-60. Infrastructure development is required for operating and 
maintaining electron beam accelerator for industrial application in these 
countries. 

Malaysia and Sri Lanka are going to start programmes of applied 
radiation chemistry. They are now training people in developed countries. 

Korea has both Co-60 and electron beam facilities for medical 
supply sterilization and applied radiation chemistry research. Accordingly, 
they have expertise for radiation technology > but further development 
of infrastructure is required for industrial application. 

b) Vulcanization of Rubber Latex 

The production of natural rubber latex concentrates is already 
an established industry in the rubber producing countries in 
the Region, Malaysia, Indonesia, India, Sri Lanka, and Thailand. 
The infrastructure for the latex industry including the production of 
manufactured products exists. 

The Rubber Research Institutes in Malaysia, Indonesia, Sri Lanka, 
India,and Thailand will provide expertise and facilities for the evaluation 
and testing of products for the Sub-Project. This Sub-Project is designed to 
train required man-power in radiation processing technology for rubber latex 
vulcanization and in industrial radiation chemistry using Japanese expertise 
and experiences. 

.../. 
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c) Surface Coating of Plywood and Particle Board 

All RCA countries are producing plywood panel and the required 
infrastructure exists accordingly. The Rep. of Korea has a large production of 
plywood for export. Infrastructure exists to a certain extent for low 
quality surface coating by conventional methods. 

Infrastructure development is required for high speed coating 
which is integrated in the radiation curing process. 

The Republic of Korea and India have some radiation experience in 
surface coating and polyaer composites for wood panelling which will be of 
direct value to the work of this Sub-Project. Japan has established technology 
and industrial capability which will be made available to this Sub-Project. 

d) Crosslinking of Insulated Wire and Cable 

Most of the RCA countries, Indonesia, the Republic of Korea, India, 
Singapore, Sri Lanka, the Philippines, and Malaysia, have wire industries. 

The infrastructure for producing regular grade polyethylene and 
polyvinylchloride insulated small wire exists in India, Indonesia, Sri 
Lanka, Singapore and in the Republic of Korea. The technology has been 
established in several developed countries. 

Insulation materials, such as polyethylene and polyvinylchloride 
are mostly imported from developed countries. The petrochemical and polymer 
industries are growing in the Region. India, Indonesia, Singapore, and Korea 
have polymer industries. 



5- Industrial Partners of the Radiation Processing Sub-Project 

The industrial partners to be involved in this Sub-Project are 
listed in Table XIX . so far only from Indonesia, Malaysia, Sri Lanka, 
and Japan. Industrial partners in other participating Member States will 
be identified prior to the end of the Preparatory Assistance Project. 

Table XIX 

Industrial Partners of the Radiation Processing 
Sub-Project 

Country Industrial Firm 
Indonesia 

Malaysia 

Sri Lanka 

Japan 

1. Rubber Plantation Estate 
2. Inkoba Co. (rubber) 
3. Rubber Plantation Association of 

Indonesia 
h . Supreme Mfg. Co. (wire) 
5. Kabelmetal Co. (wire) 
1. Malaysian Rubber Development Co. 
2. Malaysian Industrial and 

Developing Co. (wood) 
1. Richar Rieris Co. (rubber) 
2. Kalani Cable Co. (wire) 
3. Plywood Corporation (wood) 
1. Nippon Electric Cure (wood) 
2. Furukawa Electric Ind. (wire) 
3. Sumitomo Eelctric Ind. (wire) 
k. Seitetsu Chemical Co. (rubber) 
5. Japan Atomic Industrial Forum 

These industrial partners will collaborate in the Sub-Project on production, 
product evaluation and market development work. The partners in Japan will 
transfer their basic technologies as support to the Sub-Project. 

.../. 
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6.Management Structure for the Radiation Processing Sub-Project 

A special management structure will be established in the Region 
for the effective implementation of the radiation processing Sub-Project. 

RCA Coordinator t [Project Director 

Technical Management 
Advisory Group Meeting 

. F" . 
| Radiation Demonstration Plant Manager| 

Technical Review 
Group Meeting 

— Local Management GroupJ 

[Plant Operation and 
Production Section 

1 
Product Evaluation and 

Marketing Section 

Rubber Group 
Wood Group 
Wire and Cable Group 

- Rubber Group 
- Wood Group 
- Wire and Cable Group 

i) The Project Director has full responsibility for the operation of the whole 
UNDP Project with cooperation of the RCA Coordinator of the IAEA. 

ii) The Technical Management Advisory Group Meeting, with members from 
all the RCA Member States participating in the Sub-Project, annually reviews 
plans and progress of the project. 

iii) The Technical Review Group Meeting, with scientific Members from 
all the RCA Member States participating in the Sub-Project, annually 
reviews the details of the technical progress, the budget, and the action 
plan. The result of the meeting is given to the Advisory Group Meeting for 
an overall review. 

iv) The Radiation Demonstration Plant Manager has full responsibility 
for the operational aspect of the Sub-Project and is assisted by the local 
Management Group composed of members from the RCA Governments participating 
in the Sub-Project and appointed by the Plant Manager. 

./... 
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v) The Plant Operation and Production Section is in charge of the 
operation and maintenance of the demonstration plants and the radiation 
facilities, as veil as the analysis of the operational results. 

vi) The Product Evaluation and Marketing Section is in charge of the 
characterization and evaluation of the products from the demonstration 
plants. Test marketing of products with the assistance of Regional 
industries is also an important role of this section. 
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8. Financial Requirements 

Item 

|y^EJ=PLM=gO|=R^J4J|Qg_g|OCESSJNG_3U§-PgOgEg| 

($1,000) 

Total 1981 1982 1983 198U 1985 1986 

a) Radiation Facilities 
UNDP 1,038 393 0 5U1 10U 0 0 
GOVT. 1,035 570 15 U50 0 0 0 

UtfPP + GOVT. 2,073 963 15 991 10U 0 0 

b) Production Demonstration Plants 
UNDP 612 
GOVT. lU5 

UNDP + GOVT. 757 

132 
15 
1U7 

0 
10 
10 

U80 
120 
600 

0 
0 
0 

0 
0 
0 

0 
0 
0 

c) Plant Operation and Maintenance 
UNDP 0 0 0 0 0 0 0 
GOVT. 1,U22 0 198 22U U60 287 253 

UNDP + GOVT. 1.U22 0 198 22U U60 287 253 

d) Testing, Evaluation, Marketing 
UNDP 0 0 0 0 0 0 0 
GOVT. 689 80 257 39 18U 81 U8 

UNDP + GOVT. 689 80 257 39 18U 81 U8 

e) Experts and Fellowships 
UNDP 350. h 55.5 60.6 88.5 70.8 1*9.8 25.2 
GOVT. U95.6 106.8 115.2 126.0 13U.U 13.2 0 

UNDP +GOVT. 8H6.0 162.3 175.8 21U.5 205.2 63.O 25.2 



Item Total 1981 1962 1983 198U 1985 1986 

f) Training for Sterilization 
of Medical Supplies 

UNDP 217.65 
GOVT. 60 

UNDP + GOVT. 277.65 

g) Technical Mangement 
UNDP Ю8.9 
GOVT. 2 U l > 1 

UNDP • GOVT. 350.0 

UNDP 2,326.95 
GOVT. U,087.70 

UNDP + GOVT. 6,Uli*.65 

u 105.0 37.2 
0 0 20 
0 105.0 57.2 

0 I8.6 20.1 
39.8 U7.HU 50.1 
39.8 66.ou 70.2 

580.5 18U.2 1,166.8 
811.6 6U2.6U 1,029.1 

1,392.1 626.8U 2,195.9 

U0.05 35-1» 
20 20 
60.05 5 5 » U 

21.6 23.1* 25.2 
U8.O8 1*6.28 9.1» 
69.68 69.68 3^.6 

236.1*5 108.6 50.14 
8U6.U8 1*1*7.1*3 310.1* 

1,082.93 556.08 ЗбО.З 
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Financial Requirements 

a) Radiation Facilities and Construct! 

i) Co-60 Facilities 

C0-6O 300kCi 
Shi pme re
installation 
Replacement of Co-60 (lOOkCi) 1984 
Shipment 
Source handling equipment 
Water purification equipment 
Crane (2 tons) 
Console panel 

Sub-Total 

Shielding and pool 
Building 
Design of facilities 

Sub-Total 

ii) Electron Beam Facilities 

Accelerator lMeV 35mA 
Gas storage vessel 
Personal safety system 
Water cooled shutter 
Spare parts 
Installation 

Sub-Total 

Shielding 
Building 
Design of facilities 

Sub-Total 

Total 

Total of UNDP and Government Input 

UNDP Government 
$ 228,000 

20,000 
15,000 
92,000 
12,000 
60,000 
30,000 
10,000 
30,000 

$ 1+97,000 

$ 450,000 (Indonesia) 
100,000 (Indonesia) 
20,000 (Japan) 

$ 570,000 

$ 434,000 
10,000 
7,000 

10,000 " 
30,000 
50,000 

$ 541,000 

$ 350,000 (Indonesia) 
100,000 (Indonesia) 
15,000 (Japan) 

$ 465.000 

lii23JiQQQ____lii235.Ap.QQ 
-2-Q---QQQ 

http://lii23JiQQQ____lii235.Ap.QQ
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b) Production Demonstration Facilities 

i) Rubber Vulcanization Plant 
UNDP Government 

Reaction vessel (l.5m ) $ Uo,ooo 
Storage vessels (5m ) 2 Uo.ooo 
Pumps 3 12,000 
Piping, valves 5,000 
Control system and console panel 15,000 
Installation 20,000 

Sub-Total $ 132,000 

Design 

ii) Wood Coating System 

Conveyor (50cm width) $ 60,000 
Roll coaters 2 30,000 
Laminator Uo.ooo 
Curtain coater 30,000 
Inert gas generator 220,000 
Shielding 60,000 
Control system 20,000 
Installation 20,000 

Sub-Total $ U80,000 

Design of facilities 

iii) Wire and Cable Crosslinking System 

Wire handling equipment 

$ 15,000 (Japan) 

$ 10,000(Japan) 

$ 120,000 (Japan) 

Total $__6lg4Q0Qs 

Total of UNDP and Government Input 

-L_ik5AQQQ 
L-Z5I*QQQ 
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c) Plant Operation 

i) Man Power 
Government 

India 1 m/year $ 500/month $ 6,000 
Indonesia 20 250 60,000 
Japan k 2,000 96,000 
Rep. of Korea 5 1,000 60,000 
Malaysia 7 1,000 8U,000 
Philippines 3 500 18,000 
Bangladesh 2 250 6,000 
Pakistan 1 500 6,000 
Singapore 2 1,000 2U,000 
Sri Lanka 3 250 9,000 
Thailand 2 500 12,000 

50 Sub--Total 381,000 

ii) Maintenance Costs 

Co-60 facility for 3-year term 
EB facility for 3-year term 
Rubber plant for 3-year term 
Wood coating plant for 3-year term 
Wire and cable plant for 3-year term 

Sub-Total 

iii) Materials 

$ 250,000 
250,000 
33,000 

120,000 
30i000 

$ 683,000 

Natural rubber latex 
1.0 m 3 x 0 . 6 b a t c h 6 S x 12™ x 3 y x $2,000 

Indonesia $108,000 
Malaysia 65,000 
Sri Lanka 21,000 
India 11,000 
Thailand 11,000 $ 216,000 
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Government 
Plywood and particle board 

0.5* x 100 m x 2 0 ° P e r a t i o n s
 x i2 m x ? x $2.0 
Korea $20,000 
Indonesia 20,000 
Malaysia 12,000 
Philippines 20,000 $ 72,000 

Coating and laminated paper for 
plywood and particle board 20,000 (Japan) 

Wire and cable 
Japan $15,000 
Indonesia 15,000 
Singapore 10,000 
Korea 10,000 50,000 

Sub-Total $ 358,000 

Total (Government input) $IA!i22a000 



- 359 -

d) Testing and Evaluation 

i) Testing Equipment 

NR Latex dipping and drying (50 tons a year) 
Malaysia $1*0,000 
Indonesia U0,000 

Rubber products testing equipment 
Malaysia $75,000 
Sri Lanka U8,000 

Wood products testing equipment 
Indonesia $30,000 
Philippines 20,000 

NR Latex particle size measurement equipment 
Wire product testing equipment 

UHDP Government 

$ 80,000 

123,000 

50,000 
80,000 (Japan) 
20,000 (Indonesia) 

Sub-Total 

ii) Evaluation Programme (man-power 

India 5 m/year 
Indonesia 10 
Japan 3 
Rep. of Korea 5 
Malaysia 6 
Philippines 2 
Bangladesh 3 
Pakistan 1 
Singapore 2 
Sri Lanka 3 
Thailand 2 

U2 Sub-Total 

Total 
Total of UNDP and Government Input 

$ 353,000 

$ 30,000 
30,000 
72,000 
60,000 
72,000 
12,000 

9,000 
6,000 

2U,000 
9,000 

12,000 
$ 336,000 

L£fi2«QQQ 
1^2 m± 
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e) Experts and Fellowships 

i) Experts 
UNDP Government 

1981-1966 Manager 60 m/m 
1981-198U Technical Adviser 
1981-1986 3 m/m per year over 6 year term 

3 x 6 = 18 m/m $_126,000 
Sub-Total $ 126,000 

ii) Fellowships 

On the job training at JAERI 
1981 
1982 
1983 
198U 
1985 

1981 
1982 
1983 
1981* 
1985 

2 x 12 = 2k m/m 
2 x 12 = 2k 
3 x 12 = 36 
2 x 12 = 2k 
1 x 12 = 12 

Sub-Total 

2 x 12 = 2k m/m 
2 x 12 = 2k 
2 x 12 = 2k 
2 x 12 = 2k 
1 x 12 = 12 

Sub-Total 

$ 22,000 (Indonesia) 
307,200 (Japan) 

$329,200 

$ 38,1*00 
U2,000 
68,1*00 
1*9,200 
26,1*00 

$ 221*, 1*00 

$ 38,1*00 (Japan) 
1*2,000 (Japan) 
1*5,600 (Japan) 
1*9,200 (Japan) 
13,200 (Japan) 

$188,1*00 

Total $35Q*!*QQ &11+6QQ 

Total of UNDP and Government Input *-8i8*QQQ 
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f) Training for Radiation Sterilization i 

3 Training courses (2 weeks) in India 
3 Workshops (l week) in Korea 

i) Equipments for Training 

Differential scanning calorimeter 
Infrared spectrophotometer 
High pressure liquid chromatography 
Polarograph 

Sub-Total 

i i ) Experts 

1983 3 m/m $6,700 x 3 = 
198U 3 m/m 7,200 x 3 = 
1985 2 m/m 7,800 x 2 = 

Sub-Total 

iii) Fellowships 

1983 9 m/m $1,900 x 9 = 
19£'t 9 m/m 2,050 x 9 = 
1985 9 m/m 2,200 x 9 = 

Sub-Total 

iv) Staff 

India, training courses 3 x 10 m/m x 
Korea, workshops 3 x 5 m/m x 

Sub-Total 
v) Miscellaneous 

Total 
Total of UNDP and Government Input 

f Medical Products 

UNDP Government 
$ U0,000 
20,000 
30,000 

_151000 

$105,000 

$ 20,100 
21,600 
15,600 

$ 57,300 

$ 17,100 
18,1*50 

__192800 

$ 55,350 

500 $ 15,000 (India) 
1000 15^000 (Korea) 

$ 30,000 
_ _ ^ $ 30,000 ( l n d i a ) 

$2ZL»65._ 
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g) Technical Management Advisory Group Meeting 

i) Advisory Group Meeting 
1 week per year (1982-1986) 
1 participant from each of 
the 11 countries 

UNDP 
1982 3 m/m 
1983 3 m/m 
198U 3 m/m 
1985 3 m/m 
1986 3 m/m 

Sub-Total 

ii) Annual Review Meeting 
1 week per year (198I-I985) 
1 participant from each of 
the 11 countries 

Government 
$ 18,600 
20,100 
21,600 
23,U00 

__.25_.200 

$108,900 

1982 
1983 
198U 
1985 

Sub-Total 

i i i ) RCA Coordinator Travel Funds 
1981 3 times 
1982 U 
1983 U 

198U 3 
1985 2 
1986 1 

.'ub-Tntal 

$ 21,800 (Japan) 
2U.200 (Japan) 
26,600 (Japan) 
29,300 (Japan) 
32^200 (Japan) 

$13^,100 

$ 15,000 (Japan) 

20,000 (Japan) 

20,000 (Japan) 

15,000 (Japan) 

10,000 (Japan) 

5,000 (Japan) 

$ 85,000 

.''. r>8 o'>. 

http://__.25_.200
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Introduction 

Commercial irradiation of wire and cable insulation and jacketing materials 

has been a reality for over two decades , worldwide wire and cable sa l e s 

for irradiated products are now about $250 mill ion per annum and growing 

faster than the total wire & cable market . Japan and the USA make up 

the bulk of this market sharing about 80%. In the F r e e World there are 

in the order of about 70 machines engaged in the irradiation process ing 

of wire and cable (Japan about 25 , USA about 30, and the rest in western 

Europe. In spite of the rapid growth and sizable market, the irradiation 

of wire and cable i s far from a mature technology, while it may be beyond 

infancy, it has real l not reached adolescence . So far, irradiation has 

been used to produce products with enhanced properties not readily available 

with conventional process ing and several examples of these will be c i t e d . 

Irradiation has not yet been employed as a direct competitor to c h e m i c a l / 

thermal curing on a cost competitive b a s i s . It is believed that this will 

become possible for many types of low voltage power cable in the future. 

Effects of irradiation on plastic materials 

Irradiation cross l inks the insulation molecules and provides several 

important property improvements . 
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1) Greatly improved mechanical properties - Higher tensile strength, 

better abrasion resistance vastly improved cut - through res is tance . 

These properties are especially improved at elevated temperatures -

most markedly above the crystalline melt point of the polymer where 

the uncrosslinked plastic is very soft. This non-melting property 

is the single most important reason for the use of irradiated plastics 

in wire and cable. This retention of form at elevated temperatures 

gives the plastic elastomeric propert ies . 

2) Ability to solder without melt and shrink back - This is an extension 

of above. 

3) Can carry short t ime current overloads without melting off. 

4) Resistance to Fluid Attack improved. 

5) Flame resistance somewhat improved as the crosslinking process also 

appears to render some of the volatile components less flammable. 

6) The surface is usually hard and slippery aiding in pulling into ducts 

or t r ays . 
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7) By crosslinking any oily or waxy ingredients, the surface becames 

easier to print or color code. 

Contrary to some popular beliefs crosslinking does not accomplish any 

of the following: 

1) Appreciably after electrical charac ter i s t ics . 

2) Improve long te rm thermal stability. This is perhaps the most 

misunderstood effect of irradiation processing since many crosslinked 

materials (noteably polyethylene) have temperature ratings well above 

their uncrosslinked counterparts . This is only possible because the 

materials to be crosslinked are compounded with greatly enhanced 

thermal s tabi l izers . Polyethylene, for example, which normally is 

rated 75 °C, can be stabilized for continuous ratings up to 150°C and 

short time rating to 200°C. 

3) Improve Flexibility - An irradiated material is usually stiffer than 

in its uncrosslinked form. Again, when flexibility is needed, the 

material must be specially formulated. Irradiated crosslinked polyoiefins 

are available that are much more flexible than low density uncrosslinked 

polyethylene. 
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4) Change physical size or weight. 

Raw Materials 

A number of basic materials can be crosslinked by irradiation. The 

largest volume has been either PVC or polyolefin mater ia l s . It is 

possible to crosslink by irradiation any material which can be chemically 

crosslinked including EPDM, Butyl, Hypalon, Silicones, Neoprene, and 

Polyethylene. It is also possible to crosslink some fluorocarbons such 

as Kynar, Halar, and Tefzel. 

In general it is either necessary or desirable to add crosslinking aids 

to greatly reduce the necessary dose. Materials line PVC and the 

fluorocarbons will degrade from chain scission faster than they crosslink 

unless these a c c e l e r a t o r s are added. 

It is obvious from the foregoing that insulations and sheathing materials 

must be tailored to the application. In addition to formulation variations 

such as have been common place for PVC's and elastomers for decades 

the designer now has the added variable of crosslinking in specific 

controlled amounts which opens a whole new galaxy of property variation. 

In the U . S . (and I believe in Japan) the major suppliers of irradiated 

wire and cable products have developed their own formulations and 
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mix the i r own compounds . However , t h e r e a r e now a number of 

raw m a t e r i a l supp l i e r s who have compounds avai lable which a r e 

c ros s l inkab le by i r r a d i a t i o n . PVC ' s a r e avai lable in the US f rom 

at leas t t h ree supp l i e r s and f rom two in the UK. Polyethylene 

a n d / o r its copo lymers a r e avai lable f rom Union Carb ide and USI 

in the U . S . compounded for i r r a d i a t i o n s . Of c o u r s e , t he se c o m m e r c i a l 

compounds r e p r e s e n t a c o m p r o m i s e of p r o p e r t i e s to t ry to hit a broad 

range of appl ica t ions and can not be opt imised for any one specific 

job as can be done by a competent wi re and cable suppl ier with 

in -house mixing capabi l i ty . 

P r o d u c t s 

1) Telephone cen t ra l office cables and wi res 

This is the single l a rges t applicat ion in the US for i r r a d i a t i o n 

c ros s l i nked P V C . The a t t r ibu tes of i r r a d i a t e d w i r e for this 

appl icat ion a r e : 

a) High degree of ab ras ion & cu t - th rough to withstand pulling 

over sha rp edges and for wi re w r a p , 

o) Non propagat ion of f l ame . 

c) Solderable without shr ink back or me l t ing . 

d) Smooth hard outer surface offering low friction to pe rmi t 

long lengths to be pulled into and out ot t r a y s . 
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2) Radio & T . V. 

T r a n s f o r m e r lead w i r e s use i r r a d i a t e d PVC for i t s abil i ty to withstand 

the v a r n i s h t r ea tmen t and subsequent bake c y c l e . 

It is a l so used for p ic ture tube anode leads due to i t s non- f l ammabi l i ty . 

3) Locomotive Wiring 

One of the l a rge s t US-applicat ions for c ross l inked polyolefin insulat ion 

is in locomotives for both power and con t ro l w i r i n g . The unique ba lance 

of p r o p e r t i e s avai lable in c ros s l inked polyolefins make it ideal for d i e s e l 

locomot ive u s a g e . 

The combinat ion of i t s non-mel t ing c h a r a c t e r i s t i c and excel lent long t e r m 

t h e r m a l s tabi l i ty provides p ro tec t ion f rom the very high and s o m e t i m e s 

extended t e m p e r a t u r e excurs ions dur ing a long c l imb or while dynamica l ly 

braking on long steep downhill g r a d e s . Even the best e l a s tomic combina t ions 

have a very limited life and r ep l acemen t on a r egu l a r bas i s is r e q u i r e d . 

Other m p o r t a n t p rope r t i e s a r e f lame r e s i s t a n c e , r e s i s t a n c e to d iese l 

fuel ar.d other hydraul ic and hydroca rbon f luids, mechanica l t oughnes s . 

The higher t e m p e r a t u r e rat ing c o m p a r e d to chemica l ly c ross l inked 

polyethylene or s tandard e l a s t o m e r s p e r m i t s higher ampac i t i e s and 

allows the use of s m a l l e r gage s i z e s . The sect ion on power cable 

below c o m p a r e s one type of e ross l inked polyolefin with E P r u b b e r / 

hyp;i Ion *">nst rue ! : n , 



- 371 -

4) Transit Car Wiring 

For the same reasons outlined above for locomotive wiring, irradiated 

insulations were utilized on the San Francisco (BART) cars (PVC) 

and is currently being used by the New York City Transit Authority 

for Subway cars (polyolefin). 

5) Photocopy Machines 

A unique problem in photocopy machines was solved by the use of 

irradiated PVC. With conventional plastic PVC the powdered toner 

adhered to the wires and built up into a messy thick layer which 

presented both a fire hazard and a maintenance problem. 

6) Electronic Hook-up Wire 

Irradiated PVC has selectively replaced conventional PVC, Teflon (FEP), 

and Teflon (PTFE) due to it? non-melting characterist ic combined with 

low cost. 

7) Aircraft 

In the U.S. and in NATO countries aircraft has been a major user of 

crosslinked insulations. The most popular construction has consisted 

of a primary insulation of crosslinked polyolefin jacketed with either 
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c ross l inked polyvinylidene fluoride o r fluoro t r i c h l o r o e t h y l e n e . 

This des ign combines the good e lec t r i ca l p r o p e r t i e s of the 

polyolefin with the tough mechan ica l p r o p e r t i e s and excel lent 

fluid r e s i s t a n c e of the shea th . The choice of this wi re over 

conventional a i rc ra f t w i r e s (at a g r ea t cos t p r e m i u m ) was dictated 

by s m a l l e r s ize and weight and be t te r non-burning p r o p e r t i e s . 

8) Power Plant Cables (Neuc lea r & Foss i l ) 

Cross l inked polyolefin cab les have been approved and a r e being used 

(p r imar i ly for control cables) in both nuclear and foss i l s t e a m p l a n t s . 

The cab les a r e fully approved for " loss of cooling acc iden t" (LOCA) 

and the t e s t s were passed with s izab le a m a r g i n . 



- 373 -

Process ing Equipment 

Nealy 100% of all wire and cable products have utilized electron beam 

accel lators for crossl inking. In the early 1960's this equipment was 

in development and really only suitable for laboratory work as it was 

totally unrealiable for industrial production u s e . Effective utilization 

as low as 10% (based on 3 Shift 5 day week) was commonplace due to 

component failure and other maintenance & repair prob lems . Since 

that time reliability has increased to where the order of 90% utilization 

can be achieved with a good preventive maintenance program. 

To optimize effectiveness of the machine it should best be chosen to 

match the product or range of products to be cross l inked. The voltage 

determines the depth of penetration into the insulation which is inversely 

proportional to material density and the current determines the speed 

at which the product can achieve a given dose within that penetration. 

Industrial accel lators suitable for wire processing are now available 

from 500 K V to 4 W V . Standard a c c e l e r a t o r s are available with 

beam currents of up to 100 m a . , however, total power is limited to 

about 200 KW today for industrial machines . Of course the total mass 

of material that can be crossl inked depends upon the power available 

provided the configuration of the material matches the machine; i e , 

the thickness matches the voltage and the e lectrons are effectively 

utilized in illuminating the work surface. 
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Successful wire and cable process ing, therefore, depends great ly 

on the wire reeling or conveyor s y s t e m under the beam. If only 

one product is to be made, then these conveyors can be designed to 

optimize production and in the US one producer does supply complete 

se l f -shie lded units for telephone wires up to 0 .9 mm^ with four 

separate conveyors claimed to be able to operate up to 700 m/min 

each or 2800 m / m i n total with 50 ma beam current. 

Where the product mix i s not ideal then a number of conveyors are 

needed and a compromise must be made away from optimum speed 

to more general purpose transport s y s t e m s . 

Power Cable 

Power Cable is being produced todav by irradiation for low voltage 

applications. The locomotive wire discussed above has copper c r o s s 

sections of up to 777 MCM (393 m m ' ) . As pointed out in the 

introduction, however, the irradiated insulations are general ly used 

because their propert ies are enhanced beyond conventional insulat ions . 

Table I compares an irradiated polyolefin insulation sys t em to 

conventional 90"C rated E P rubber insulations with Hypalon sheath (EPH) 

The data shown was not all taken on one wire or cable type on s i z e . 

However the comparisons on any given test were made on the same 

s ize and type for both Exane and EPH. 
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Table I shows consistently higher mechanical toughness values for Exane, 

in many c a s e s by an order of magnitude. It should be pointed out here 

that the Exane insulation thickness tested and permitted by the specification 

due to its superior properties is only about 60% of ihat of the E P H . 

Since these mechanical properties vary about as the cube of the thickness 

on an equal wall thickness bas i s , e i ther, the Exane would be about 400% 

more or the EPH values about 1/4 of those shown. While both pass 

stringent flame tes t s as made, the irradiated insulation is more flame 

retardant. 

The superior fluid res i s tance is c learly shown in the swell ing, tensi le 

it elongation testing and mechanical t e s t . It is particularly significant 

that the flammability of the EPH is badly affected by absorption of 

Diesel oil The toughness (tensile x elongation) of the irradiated 

material remains at about 50% after the hot hydraulic oil soak while 

the EPH retains only about 10% of the original . 

Table II shows the normous savings in copper s i ze , and weight possible 

when the ampacity at rated 125°C is used . Power cable offers many 

more practical difficulties in handling under the beam due to i ts large 

s ize , s t i f fness , and the "shadow" effect of the large conductor. At 

least four different approaches have been advanced as follows: 

1) Lai -,»; rugged multiple sheave conveyors of the type used for small 

v n . are practical for extra flexible stranding such as used on 
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locomotive w i r e s . The shadow effect can be taken care of by 

sheave arrangements to rotate the wires between succes s ive 

p a s s e s . 

2) A three headed accelerator is installed in the US so the cable 

can be bombarded from 120° ang les . A four sided approach has 

a lso been proposed. 

3) Magnetic beam deflection has been studied and applied in Japan 

to bend some of the electrons around the wire and bombard from 

below. 

4) Studer reported on a rotating Pay off/Take up sys t em in use in 

Switzerland and it i s also believed a s imilar sys tem i s working 

in the U . S . 

There is no question that irradiated insulation is suitable for low 

voltage power cable . However much work needs to be done before its 

acceptability for higher voltages can be assured , even at 5 KV. It has 

been shown that with some formulations severe degredation of the 

dielective strength can tp.ke place . A great deal of study is needed to 

determine the long term effects in the insulation, the semiconductor 
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l ayers , and the interfaces with voltage s t r e s s , thermal cycl ing, and 

water i m m e r s i o n . 

Some of these problems will be explored by Bly at the Third International 

Meeting on Radiation Process ing next week in Tokyo. 

Cost 

It was once said that, "Cost i s the figment of a comptrol ler's imagination" 

and this certainly i s applicable to the various published cost studies 

comparing irradiation crosslinking to chemical cross linking. The only 

way a company can make an evaluation applicable to their business is 

to do a detailed value analysis for their product needs using their own 

bookkeeping methods. Having had acces s to such a study made by a 

cable manufacturer (the details of which are confidential), it is the 

authors belief that today on a material weight bas is , the cost of 

irradiation vs s team curing i s nearly equal, with steam still having 

a slight edge . The main determining factor would be the cost >f the 

raw material . If, for example, polyethylene without chemical accelerator 

were l ess expensive than cross linkable compound,irradiation could be cheaper . 

On the other '. .nd if irradiation enhancers or other compounding were 

necessary , s team curing with commercia l materials would come out 

ahead. 
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The material properties are frequently such that the irradiated product 

can be l e s s expensive even if the raw material and process ing cos t s 

m o r e . As an example, the comparison of irradiated polyolefin v s 

EPH above shows superior properties with only 60% of the insulation 

material and the 125* temperature rating allows enormous saving in 

copper as well as insulation. As pointed out in the introduction, 

irradiation has not yet been employed on a large scale as a direct 

competitor to chemical /Thermal curing even though it has been 

studied extensively by leading cable houses worldwide. Next week in 

Tokyo at the Radiation meeting a whole morning will be devoted to a 

panel discuss ion on "Economics of Radiation P r o c e s s i n g . " 

Summary 

Wire and cable irradiation is a solid and growing industry producing 

superior products to those made by conventional p r o c e s s e s . Great 

advances have been made in accelerator performance and rel iabil ity. 

Before irradiation can be a major competitor for commodity wire 

and cable process ing, compound costs must be reduced compared to 

conventional compounds and wire transport sys tems must be improved. 

Prior to utilization for high voltage cable much higher voltage 

accelerators are needed and a great deal of technical investigation of 

materials and cable test data must be provided. 
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TABLE I 

I . 

COMPARISON OF EPR/HYPALON (EPH) 
WITH IRRADIATED POLYOLEFIN 

EXANE* 

Mechanical 

Scrape Abrasion-Cycles 
Bar Abrasion UL-719-Cycles 
Dynamic Cut Through-Pounds 
Crush Resistance-Pounds 

UL Test 
3" x 5" Plates 
3 /4" Mandrel x 5" Plate 
Wires Crossed 45° 

I ipact MIL-C-13777 27 # 

II. Flammability 

IEEE 383 (70,000 BTU) 
(210,000 BTU) 

UL = FR-1 

After Diesel Oil 
As Received Soak 

Exane EPH Exane EPH 
7428-11876 349-643 

2 ,700 370 
373 111 51 16 

6 ,748 3,286 1,049 252 
34,000 19,000 
19,000 4 ,500 

> 5 0 , 0 0 0 28 ,000 
>500 125 

p 
p 
P 2 sec 

P 
P 

P 52 sec 

Not tested Not tested 
N . T . N . T . 
P 12 sec Fail 

III. Fluid Resistance 

IV. 

Exane 
Water IEEE Std 45 74° C 14 day Pass P a s s 

90°C 1 week tt N . T . 

Diesel Oil 60°C 120 Hours % Swell 16 20 
Pydraul 29E 1 week Room temp 50 °C 

Exane EPH Exane EPH 
% Swell 3 16 12 24 
% Tensi le Retention 95 35 72 20 
% Elougation Retention 100 87 71 44 

Temperature 
Exane EPH 

-85 °C Cold Bend MIL-W-22759 P * " 
24 Hour +160°C 24 Hour -65°C 

bend and 7 .5 KV Dielectric P a s s Fail 
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TABLE II 

SIZE AND WEIGHT 

Weight #1000ft 

Amperes AWG AWG AWG EPH Exane Exane 
Needed 90 C 110°C 125°C 90°C 110°C 125°C 

200 1 2 3 360 233 195 

500 350 MCM 262 MCM 4 / 0 1150 908 764 

1000 1000 MCM 777 MCM 646 MCM 3500 2600 2175 
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ELECTRON-BLAH CURING (EBC) OF COATINGS. 

K. MUHATA 
S y n t h e t i c Resin S It D Department 

KANSAI PAINT CO., LTD. Hlratsuka (25*») Japan 

1 . INTRODUCTION 

The coating industry is constantly looking for more efficient and 
more rapid curing methods. One of these 1 B the use of high-energy ioni
sing radiation. Electron-beam accelerators are playing an ever-increas
ing role in the radiation curing of coatings on a variety of substrates, 
including those which are heat sensitive, for example, timber, textile, 
paper and plasties, and where conventional stoving procedures can not be 
applied. 

This new technique offers rapid curing at ambient temperatures and in 
many case6 100% solid systens for curing can be prepared, resulting in a. 
decrease in solvent costs and ecological problems. 

In addition, electron accelerators take up les6 space and production 
lines can be put in to operation in a matter of seconds. As this techn
ique requires relatively low energy, all indications are that from an 
econonic, ecological and performance point of view, electron- beam curi
ng will play an important role in the future of coating curing. 

The earliest electron-beam curing line has now been in operation for 
ten years,engaged in the finishing of plastic motor car parts (Ford mot
ors). More recently, finishing lines for wooden components have been 
installed in Gercany, Holland, and France. In Japan, electron-beam cur
ing has been applied on the finishing of ootdr-cycle parts and roof tile. 

Many other projects involving electron-beam curing have been under 
study (paper, textile, plastics, flock, can stock, coated metal coil). 

Recently, conpact type electron accelerators (low energy electron be
am processors; Linear filament system) have been developed for curing of 
coatings. 

2 . ADVANTAGES OF EBC 

Electron-bead curing o f f e r s the many advantages from i n d u s t r i a l po in t . 

• S o l v e n t - f r e e coa t ings (lOOJi s o l i d sys tem; non p o l l u t i n g ) . 
• Decreased energy consumption and space requirements than with 

thermal cur ing . 
'High l i n e 6peeds- Complete curing of c o a t i n g can be achieved in a 

matter of s e c o n d s . 
• Ins tant s t a r t - u p and shut-down, 
• Rooa teoperature curing- EBC i s s u i t a b l e for temperature s e n s i 

t i v e s u b s t r a t e s , e . g . p l a s t i c s , wood 
and paper e t c , . 

• No c a t a l y s t r e s i d u r e s are i n the product . 
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* Improved coating adhesion to organic substrateE due to grafting. 
* Superior coating qualities can be obtained with excellent 
finishes. 

1 
DISADVANTAGES 

* Initial capital investment can be relatively high. 
" Inert atmospheres are generally required for efficient surface 
curing. 

* The process is most efficiently adapted to flat surfaces 
- Curing coatings on three-dimensional parts is relatively 
difficult. 

3. RADIATION-CURABLE COATING SYSTEMS. 
3.1 Principles of electron curing. 
Host radiation induced polymerization takes plac* via fre*e radical 

chain reactions. 

A B 
Coating Ing V VS»A B' 

•e 
->• A* • B # 

Initiating free radicals 

A» • nCB2*C5 > A-n(CB2-CH}±— 

Honoaer/Onsaturated polymer Cured polymer 
t 

3.2 Radiation-curable coating systems. 
Radiation-curable coating compositions are as follows; 

Vinyl monoraer • Vinyl monoraer 

1 
i 

H
 

ii _ . . _ . ^ 

1 
i 

H
 

ii 

\ • • » t J 

PiG^ent 
etc. Unsaturated 

polymer 

PiG^ent 
etc. Unsaturated 

polymer 

PiG^ent 
etc. Unsaturated 

polymer 

Coating 
compos!ton 

next puce continue. 
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Wet file Cured file 
(Cross-linking) 

Electron-beam 
radiation 

3.2.1 Vinyl aonoaer 
Vinyl nonomers are reactive diluent, and those generally U6ed have 

boiling point higher than 200*C. 
Table 1 shows example of vinyl nonoaers. 

Table 1 . Vinyl monomers. 

Vinyl monomers Mtf d 2 ? V i s . B.P M.P 
Plash 
point Refr. 

Poly 
-mer Oral 

(2SC) ( C P 5 - » c , (CI rc» ( C ) (ntf) ( T f ) 
: c > 

LOSO 

Styrene 1 0 4 Of 04 O743/20C 1 4 5 - 5 0 4 5 2 2 1 5 4 7 1 0 0 4.920 
Mono 2-2HA 1 8 4 a* •; 1 5 4 • 2 t « -»o> *t 1 4 3 5 - 5 0 S.440 
v i n y l L-HA 7 5 4 0 0 72 4 . 1 0 / 2 0 C 140 /7— - 5.5 1 5 2 1 4 4 5 - 2 7 1S.OOO< 

EEA 1 1 * 1 1 1 0 5 5 4 . 2 0 2 - 7 0 1 0 4 1 4 4 7 - 4 0 400 
PC-Mi ISO 1 0 4 4 5 7 0 2 0 5 - 1 2 1 0 0 1 4 5 1 5 5 11200 

Divinylbenzeci 
EGDMA 

, 1 5 0 O.910 
toso 

1 1 2 
70 

1 » 5 
• 4 / 7 — 

- 4 5.2 7 4 
1 5 0 

1 5 3 5 
1 4 5 2 

1225 

DEGDI1A 2 4 2 1 0 4 0 54 1 3 0 / 3 — . 1 4 0 < 1 4 5 7 
DEGDA 2 1 4 1 1 1 0 4 ~ 0 1 0 V 3 — 1 4 » 1548 

Di- TEGDMA 2 0 4 1 0 7 0 8 0 142/7— 11 5 < 1 4 5 » 
v i n y l NPGDMA 

NPGDA 
2 4 0 
2 1 2 

tooo 
1 0 2 0 5—4 

1 5 5 / 3 M I 4 0 < 
1 0 5 

1 . 3 - B G D H A 
1 . 3 - B G D A 

2 2 4 
1 f ( 

1 0 1 5 
1 0 5 4 

4 1 1 0 / 3 — 
0 5 / 2 5 — 

1 0 1 3 0 
1 1 8 

1 4 5 0 

1.6-HDDI1A 2 5 4 a.ffu 4 12S/7— 1 4 S 1 4 5 7 

1 . 6 - E D D A 2 2 4 1 0 2 5 • 120/1 — e~io 1 5 2 1 4 5 4 7.220 

T r i -
v i n y l 

TMETMA 
TMPTMA 

5 2 4 
5 5 0 

1 0 4 * 
1 0 4 5 

5S 
3 8 ~ 4 2 

200/1 • • < 
200/1 — < 

1 7 7 
t o o 

1 4 4 * 
1 4 7 1 70.000< 

T r i -
v i n y l 

TMPTA 7fi 1 1 1 5 f 5 . 2OV05— o> 1 7 5 1 4 7 5 2.541 

Tetra 
v i n y l 

TMMTMA 
THHTA 

409 
5 5 2 1 1 7 0 8 7 / 4 0 C myos.*< I 0 0 C H 7 8 f n $ 70.000< 

In the selection these polyfunctional nononers the following guide
lines are used: 

- Compatibility. - Ability to reduce the viscosity. 
- Radiation sensitivity ( very importance ). 
- Ability to copolymerise. - Low vapour pressure. - Stability. 

Generally, acrylate BODoner (CH2=CH-) 16 superior in curing speed, 
but toxicity is high. On the other hand, metbacrylate monomer 
(CB2=C(CK3)-) is of low toxicity, but curing speed is inferior to acryla
te monomer. 
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3-2.2 Unsaturated polymer 
There are two types in unsaturated polymers, namely.unsaturated 

polyester resins and terminal unsaturated resins. 
O Unsaturated polyester 

polyester skeleton. 
— c = c—: Double-Bond of Maleatc or Fumarate. 

Table 2 . 
Competition! for iht monufmtltirr 

polyrtirn for EBC 
of wnomroitj 

' CompoiiiioM Muinf raiiot 

IP/MA/PG 
PA/MA/PC 
IP/FA/DEC 
IP/MA/PC 

1/1/2 
1/1/2 
2/1/1 
2/l/J 

where IP : Hophihalie acid 
PA : phthalic anhydride 
FA : fumaricacid 
PC : propylene glycol 
MA : male* anhydride 

DEC : dicthylcnc glycol 

O Terminal unsaturated resins 

>-^////////////////////fa--

(I//////) '• tese resin of acryl, alkyd, epoxy, 
uretane etc. 

—c - C : Double bond of acrylate or methacrylate. 

Unsaturated-acrylic polymer — 
CH, 

- { C H , - ^ topol,m,r • CH, - CM - C - OH 

c - o o 
I o 
I 

CH, 

CH, 

-(™.-c-l) tvpolfmer 

I 
O 
I 
CH. 
CH - OH 
I 
CH, - O - C - CH - CH, 

I -
O 

A auaber of other unsaturated polymers are, Epoxy-acrylate, Uretane-
acrylate, Polyester-acrylate, Unsatulated polybutadlene etc. 
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4. ELECTRON BEAM ACCELERATORS 

Commercial equipment as originally produced was of the scanned bean 
type} but recently the linear filament system has been commercially, 
developed. 

Scanned beam system (Scanning-type) 
Commercial systems based on this system are marketed, operating in the 

3O0-500kv range. The scanned beam system has been developed to a high 
degree of efficiency, but does involve a rather massive installation 
requiring extensive shielding. 

Linear filament system (Curtain-type) 
Developaent of the linear filament system has been slower than that 

of the scanned beam system. This equipment is the low energy type, 
operating at 100-175KV. These plants have the advantage of being highly 
efficient, exceedingly compact, and safety shielding built into a small 
unit. Therefore, this equipment is only suitable for curing of relativ
ely thin coatings such as are normally applied to metal, plastic film 
or paper. 

Table 3 gives coaparison of two types. 

Table 3» Comparison of Scanning-type and Curtain-type 

Sctnnlng-Typo EB System Cufl»ln-Typc EB System 

Accelerating 
voltage 

Accelerating 
procss 

Equipment size 

Shielding 

300-500 KV 

ref. • (1) (next page) 

S«**rf 

Window 100cm 
L 5-0* W 2.5 X H 2.0cm 
Large space (cost up) 
Shielding of tne, w n o l e installation. 

(next page continue) 

100-175 KV 

ref. • (2) (next page) 

tmhmfm 

Window 100cm 
L 3.5XW 3.0XH 1.8cm 
Li t t l e space 
Self -sbie ldlng. 
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Substrates 

Coating 
thickness 

Inert gas 

Cost 
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High. 
Flat and relatively sim
ple three-dimensional sub
strates. 
Car parts, wood finishing, 
ceramic, flexible packag
ing laninating etc. 
^ 5 0 0 u 

Large amount. 
Coabution of propane or 
butana. (C0 2) 
High. 

ref. (3) 

Low. 
Flat only. 

Metal coll, foil, paper, 
plastic film. Ink etc. 

,— 100 v 

Saall mount. (M2) 

10-20X1ower than 
s canning-type. 

ref. • (3) 

Typical naker 
of 

equipaent 
Japaa 
;ix6sio-High Voltage Co. 
Mitsubishi Electric Co'. 
U S A 
Radiation Dynamics Inc. 
High Voltage Engineering Corp. 
Texas Nuclear Instrument Co. 
Energy Science Inc. (Ford Motors Co.) 
General Electric Co. 
England 
Tube Investment Ltd. 

r e f . • ( ! ) Essentially 
these consist of • hi|h voltage generator energisirg a tungsten f'lament and 
causing it to emit a stream of electrons which ate focused and accelerated 
through 300 - 500 kV in vacuum. The accelerated electron stream spot is 
magnetically deflected (scanned) across the width of the conveyor system 
and brought out through a thin metal foil window to effect curing of the 
coating. 

r e f , • ( 2 ) T"' *y*ujm involves 
the placing of a tungsten filament across the conveyor; this is held at the 
focus of a parabolic cathode maintained at a high potential. The system has 
the advantage of simplicity and the capability of operating at high beam 
current intensities. 

ref. *(3) Scanniag-type Curtain-tyne 

Radiation Unit 
Shielding, Inert gas-
equipoent and convey
er 

7 100,000,000 

} i 120,000,000 

V 100,000,000 

7 80,000,000 

Total 7 220,000,000 7 180,000,000 Total 7 220,000,000 

Laboratory-Pnit 
(i/indow 15cm) 
" 30,000,000 
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Three parameters determine the processing capability of an accelera

tor: 
O Voltage : KV 
O Electron bean current : mA 
O Irradiation dose : Hrad 

The accelerating voltage(terminal voltage)determines the depth to 
which the electron beam will penetrate a coating. The relationship of 
terminal voltage to useful penetration 16 shown in Figure 1 for materials 
of unit density. 

In any material being irradiated by electrons* the radiation dose 
received at a given depth varies with both the electron energy and the 
material density. This effect is shown Figure 2 showing the variation 
with depth and dose versus penetration depth for various terminal volta
ges. 

1 

15 

I 
s 
m 
* 
r 
So, u u It -It 

/ 
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/ 
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O lOO 2O0 30O 

TCftMMAL VOCUfiC PiVl 
F i | w » l .Tat «fT«ii»t auMirtiiaa *> • faacuaa ml dw unwinal 

»ak*f « 'm • i u i i i | af amk Stnmtj 

o » O N »n «o »a» I V ) 

H|»««2 .TIM >rlMi>t i k m h i araawaaa aaa* at • b w r i M af 
tat arpt* af •tMWMtM M M I R H I I « I M U ) •atugtt ia a 

- I H M | af aab amity auicrial 

5. RATS OF CURS OF COATIWGS. 
5.1 Effect of oxygen. 
Oxygen is known to be free-

radical scavenger. 
In Figure 3 is shown oxygen 

effect in the curing of unsatu
rated polyester. 

In many other instances, 
such ss vinyl monoser/unsatura-
ted polymer coatings, oxygen 
present in air can inhibit the 
polymerisation process on the 
surface of the coating to render 
it tacky. 

\ -

o 
r-l « 
*> u 

* H 
f> 
9 H O 10 
c 

rig. 3 
* in inert gas - ^ ^ — O " ^ 

•0 -
X v^-in *ir 

<A -
/ 

40 

B> 

/ unsaturated 
• polyester 

i i i J 

10 
I'.rod 
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5.2 Effect of radiation-dose 
As • general rule, the degree of polymerisation or curing increases 

with an increase in Irradiation dose. Various coating Bystems have, for 
economic reasons, been developed to lower the irradiation dose required 
to achieve complete curing of a -oating. 

In Figure k is 6howr. relation of cross-linking with dose and current 
beam. 

However, in the case of EBC, not only is the polymerisation initiated 
by the energetic electron, but the polymer so formed is also irradiated. 
This implies that great care has to be exercised in the choice of the 
coating system in EBC, as certain polymers can degrade under irradiation, 
whilst others predominantly undergo crosslinking. 

In Figure 5 is shown rate of disapperance of polyester unsaturation 
as a function of dose rate. 

Fig. k 

unsaturated 
polyester 

F ig . 5 

10 20 30 40 

Current beam (mA) 

400 600 BOO 
DOSE RATE IkGylmm) 

6. APPLICATION. 

The opera t ional advantages of EBC t r a n s l a t e i n t o many process and 
products : 

- Application to Coatings and Adhesives -
O Coatings 

• Wood f in i sh ing (Forest product) 
Fu rn i t u r e , Door, Piano, e t c . 

• Plastics 
Car parts, Electric parts. Plastic film, etc. 
Especially, good adhesives to polypropylene and ABS etc. can 
be obtained by chemical-grafting. 

• Steel 
Color steel, Can, Aluminum foil, etc. 

• Electrical v.ire L cable 
• Paper 

Paper coatings, Labels, Ink, Photographic plates, etc. 
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* Cement I Ceramic substrates 
Roof tail, Slate, Lithin finishing, Ceramic, etc* 
Effective for substrates of large thermal capacity. 

O Adhesives 
Film-laminating (Flexible packaging), 
Fabric, Web, etc. 

Flocked products, 

EB cure -} Continuous Mass-Production of Uniforned 
Flat or re la t ive ly Simple three-dimens
ional Substrates 

IE 
Most suitable Application 

In Table k i s shown instance of industrial electron curing l i n e s . 

Table it. Industrial electron curing l i n e s . 

Manufacturer Location Equipment Application 
Svedex Netherlands Scanning type Doors 
Bruynzeel '.V. Germany Scanning type' Doors 
Parisot France Scanning type Furniture 
Suzuki Japan Scanning type Cycle Parts 
Nakazato Japan Scanning type Roof tail 
Kunz IV. Germany Scanning type Paper 
Letron 17. Germany Scanning type Paper 
Bixby U.S.A Curtain type Flock (Shoe) 
King Seeley U.S.A Curtain type Metallized Film 

Insulation Foil 

More recently , at sone other l i n e s in USA and Europe, curtain-type 
systems have been adopted on the finishing of paper, surface of wood, 
Flock, and f o i l e t c . 

7. Comparative economics of high-speed curing systems ( Electron-beam 
Ultra-violet — Thermal oven ) . 

There are s ignif icant differences between EB and UV systems. 
Reference to Table 5 f a c i l i t a t e s the discussion of the meritb and 
demerits of the two curin£ systems. 

Figure 6 i S sho.vn comparison of outdoor-exposure of unsaturated 
polyester by EB and UV curing. 

EB curing system indicate very c°od d u r a b i l i t i e s . 
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Table 5. Comparison of Dltra-violet and Elecrton-beam 

curing. 

Property Ultra-violet Electron-beam 

Curing energy 3-5 eV. 0.5-2 MeV. 
Penetration of energy Selective Yes 
Pigmented or Filled 
Coatings 

Disperse energy redu
cing UV efficiency 

Cure .£ impaired 

Conversion Incomplete Complete (ref. Fig.6) 
Curing time Seconds Fraction of second 
Line speed Medium Fast 
Energy efficiency - 1% - 80% 
File thickness cured Thin (to 2 mils) Thick (to 50 milt) 
Substrates UV cay heat Not heat 

Coating may graft 
Pnoto-initiator Required (to 5%) Not required 
Oxygen reduction No Yes 
Equipment cost Medium High ( -50%) 
Operating cost 
(Energy consunption) 

High Low 

Safety Easily protected Heavily shielded 

100 
Gloss retention 80 

(60 Gloss) go 
kO 
20 
0 

if 8 12 16 20 Zh months 
Fig. 6 Comparison of outdoor exposure of 

Unsaturated polyester by EB snd UV curing. 

Table 6 and Figure 7 are shown comparative economics of hich-speed 
curing systems (Thermal oven/UV/EB). 

Table 6 compares power consumption for gas-fired oven, ultraviolet, 
and electron bf-ara for curing 1-nil pigmented coating on t»8-in.v;ubr. at 
varioiiE line spc-[•:!«, f a n (j ,ilt;o is shown cowp iri:,nii of hourly OJUT ,t i rig 
cost r,. 
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Table o. Comparative economics of high-speed curing 

systems. (1-mil pigmented coating on one side 
of 48-in. plastic web) 

Thermal oven U V E B 
Lint ipeed (tpm) 
B*«m Power (kW) 
Power coruumpiion (kWI 

100 300 300 100 
111 

1700' ,131 3400 5100 
6 3 
170 

300 
13 4 
340 

300 
186 
610 

100 
3.1 

134 

121 
300 300 
4.3 6.3 
?68 40.3 

Operating costs; (Data of 197^: Energy Sciences INC.) 
Power 600« 4 ' 1300 1800 3 . 4 0 w 6 8 0 10.70 .37'*' .54 .81 
Maintenance .90 1.80 2.70 1.50 3.00 4 50 250 300 3.50 
Nitrogen fit - - - - - - 1.3S 2.00 2.75 
Water - - - - - - .20 .20 .20 
Total com |S/nr) 6.90 1380 30.70 4.90 980 14.70 4.22 5.74 7.26 

(1) Based upon ultraviolet cure requirement of 1 joules/cm2. 
(2) Based upon an electron-beam dose of 2.5 megarads. (0.25 joules/ 

- cm?) 
(3) For gas-fired oven v/ith afterburner and heat-recovery system. 

(Energy content; 1,055,000 joules ft3). 
(if) Based on gas cost of SI.00/1000 cubic feet (0.35ct/KY/hr). 
(5) Eased on power crsts at 2ct/KY/hr. 

Figure 7 shows comparison of 
power consumption for Thermal ov
en, UV and EB curing at various 
line speeds. 

Curves dramatize their ten- to 
hundredfold differences in power 
consumption. 

Fig. 7 The relationship between 
power consumption and line sp
eed. 
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8. COHCLUSIOliS 

Electron beaa Curing has established itself in tho coating industry 
as an economically viable procecs, and has developed rapidly in this de
cade. This process lends itself well to a better utilisation of U n i t e d 
energy and raw material resources. As a consequence, this new technolo
gy is associated with the limited' impact which it has on the pollution of 
the environment and its excellent performance. It can be expected that 
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this technology will play an Increasing role in the coating industry in 
future. 
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5) Inert gas pipe 6) High voltage cable 7) Conveyer 8) Ven
tilator 9) Concrete shielding. 
Bean current; 100mA. Voltage; 300KeV. Be£U window; 1.22m. 
Distance between window and substrate; 15cm. 
Line speed; SOa/nin.Hax. 

O Curtain beam Line (Flock Line : Bixby Internationl Corp.) 
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A 1.4 METER ELECTRON CURING SYSTEM 
FOR THE FINISHING OF SHEET WOOD PRODUCTS 

D. French 
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2600 Grassland Drive, Louisville, Kentucky 40299 
and 

BS. Quintal and S.V. Nablo 
Energy Sciences Inc. 

8 Gill Street, Woburn, Massachusetts 01801 
September 1980 

Abstract 

The advantages of high performance electron curable clear and 
pigmented topcoats, suitable for both wood and paper application, have 
been known for some time. Since 1978, great progress has also been made 
in the application of this technology to laminating for the flexible web 
converting industry. The combination of these systems with a single elec
tron curing station offers the opportunity for "single-pass" finishing of 
l.-.r.ir.ated board which performs both the lamination and topcoat steps in
line. 

A system is described which is used for the simultaneous lam
inating and topcoating of printed paper or vinyl to board. Typical panel 
dimensions are 1.2 x 2.5 meters (4 feet x 8 feet) and the product-handling 
Selfshield™ system .ised in-line to convey the panel products continuously 
through the electron curing station is 12.4 m x 1.56 m x 1.67 m (40 feet x 
5 feet x 5.5 feet). The system is designed for use at speeds to 60 
meters/minute (200 fpm). 

The performance specifications of both the Electrocurtain^ 
curing unit, and of typical topcoats and adheslvos used with this system, 
will be discussed. The provisions required for inerting and venting of 
the processor zone when using these 100% reactive coatings will also be 
presented. 

1. Int roilnct u>n 

Ii.i|i ovi : nut s in the performance, and production economy of 
wood based bu i l<i i hj>, |<ioducts represent inporlant areas for t hi* application 
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of both ultra-violet and electron curing. The iirst truly commercial 
applications of electron curing of wood coatings, were implemented at the 
Svedex and Bruynzeel installations in Varsseveld, Netherlands and Fulda, 
W. Germany respectively.'*' These lines liave operated successfully for 
over ten years in the production of enamel coated fiber- and chipboard for 
interior construction (door, cabinet, panel) applications. 

A broader area of application lies in the curing of coatings 
on printed papers and vinyl film which have been or will be? laminated to 
particleboard or plywood. This paper describes the first United States 
line designed specifically for this application. Two other electron cur
ing installations have operated In this country for some time for similar 
electron cured panel coating applications, namely at Kewaunee Inc. of 
Statesville, North Carolina < 2) and at Brooks-Willamette at Bend, Ore
gon, using scanned beam accelerators. The present line at Universal Woods 
Inc., Louisville, Kentucky utilizes an unscanned Electrocurtain processor 
with integral Selfshield'" assembly, and constitutes the first produc
tion electron processing installation of this type suitable for the con
tinuous curing of large area panel products. As such, it establishes an 
important precedent for a number of sheet-fed applications (metal, wood, 
plastic, paper) for the building products, packaging and automotive indus
tries. This paper attempts to document some of the operational and per
formance characteristics of the system to facilitate the evaluation of re
lated sheet-fed applications of electron processing. 

2. Production Line Configuration 

The relative compactness of the .self-shielded electron proces
sor used for this apolication permitted a complete continuous production 
line Including sanding and stacking with a total length of under 80 meters 
(260 feet). The system was designed to permit flexible production use: 
panel widths to 1.35 meters are possible, with lengths to 2.55 m, while 
panel thicknesses of up to 3 cm are handled by the finishing conveyor sys
tem. Panel speeds of up to 60 m/minute are possible with the conveyor: 
sheet handling system. 

A schematic representation of the line is shown in Figure 1 
and provides an indication of the allocation of space for each of the fin
ishing functions. The in-line finishing begins with the ;; Hiding of the 
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raw panels, cleaning, and the application of the laminating adhesive with 
a reverse roll coater. After lamination of the printed paper from an 
overhead unwind to the adhesive coated board, the paper is slit so that 
the panels are now separated. The vopcoat is then applied, typically with 
a curtain coater, in a conveyor section offering high differential trans
port speeds. The panel is conveyed into the shielded entrance section of 
the Electrocur^aln processor, and emerges into a contiguous ultraviolet 
curing zone wiich is used when the Dual-Cure®'^' finishing process is 
applied. The panels then continue to an inspection station, and double 
edge and end trimmed before transfer to the stack and unload section. 

As shown in Figure 1, the line is located conveniently within 
a 90 m long building and occupies a relatively shallow floor area ( ~8 m 
deep) with little overhead ducting required. Inert gas requirements for 
the curing station; i.e. the 12 meter long shielded conveyor, are handled 
by either an inert gas generator or an LN2:vaporizer:regulator system, 
both of which are located some distance from the production line. Inert 
gas requirements are minimized by maintaining a relatively shallow shield
ing enclosure or tunnel, which is typically .27 m x 1.45 m in cross sec
tion, into and out of which the conveyor belt moves. Direct belt involve
ment in the Electrocurtain process zone is eliminated by "beltless-
transfer" of the panels across the gap immediately under the electron beam 
window in which the water-cooled beam dump or heat sink is positioned. 
Standard neoprene:fabric conveyor belts have been used in this system with 
no evidence of surface deterioration due to electron/x-ray induced degra
dation. 

3. Electron Processor Performance 

The CB 200/140/90 Elect rocurt.iln is shown in Figure 2 located 
on its integral panel handling assembly. The product moves from right to 
left in the photograph, and the flow gauges for inert gas control (1), and 
the adjacent inerting manifolds (2) are clearly visible. The emerging 
conveyor belt at the infeed side (3) is visible below the processor head 
(4), while service access to the process zone (5) is possible via a hinged 
door below the Elect rocurtain. '-*' Lifting eyes (6) are located on the 
Selfshield system to permit access to the interior of the convenor tunnel, 
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oxygen analyzers (7) monitor the inerting conditions in the process zone, 
while control console (8) provides simple nioni t ori rig of the process param
eters. 

The penetrating capability of the electron processor is impor
tant, particularly for the laminating application, as it is essential that 
the construction be cured uniformly and simultaneously to eliminate any 
possibility of film stress or creep due to inadequate cure. As shown in 
Figure 3(a), a typical board construction involves 50 gm/m^ of topcoat on 
30 gm/m* of printed paper with up to 70 gni/m^ of adhesive. As a conse
quence, uniform curing through at least 150 gm/m^ of matter is required. 
This can easily increase to 250 gm/m^ if pinted vinyl is used in place of 
paper - in this case 100 micron thick vinyl (130 gm/m^) is typically em
ployed. 

Figure 3(b) shows the measured penetration performance of the 
unit illustrated in Figure 2, at operating voltages of 175 and 200 kilo-
volts. The curves indicate that the half-points of the energy or treat
ment profile in the product are 170 and 250 gm/m' respectively at these 
operating levels; i.e. .007 inch and .010 inch for material of unit dens
ity. The unit shown in Figure 1 was designed for operation at voltages of 
up to 225 kV (300 gm/m^ or .012 inch) to provide a reasonable margin of 
safety for "thick" lamination applications. 

The longitudinal uniformity for this unit is shown in Figure 
4(a) and illustrates that the processor provides a +10% beam uniformity 
over a width of 1.35 meters (53 inches) at the plane of product curing. 
Figure 4(b) shows the variation in beam intensity at the product plane in 
the short or transverse direction. One can see that this is relatively 
flat with a half-width of 5 cm at the product plane. This very flat, uni
form, low dose rate treatment zone is one of the great advantages^"' of 
these dc curtain processors, with the result that efficient completion of 
the addition polymerization of the coatings and adhesives is ensured. 

4. Self shield Product handling and Inertlng System 

The Selfshield system used with the Klectrocurtain processor 
is designed to provide both full radiation protection in the work area, 
efficient inerting of the process zone and effective ventilation of the 
curing station. Kach of these functions will now be discussed, in turn. 
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The s h i e l d i n g requirements oi t h i s equipment are well <)> f i ; . .d 

in OSIIA ( ' ' . For use in an "unres tr i c t ed area", that i s ? a work area in 

which there i s no a c c e s s c o n t r o l "for purposes of p r o t e c t i o n of i n d i v i d 

uals from exposure to r a d i a t i o n . . . " , the surface x - r a d i a t i o n l e v e l s must 

be wel l below 2 . 5 mi 11 irem/hour. In p r a c t i c e , the system trvmufacturi rs 

should ensure that the measurable l e v e l s are near the lower l imit of <!>:-

t e c t i o n with portable i o n i z a t i o n chambers ( rad ia t ion i . ionitnrs) , or . 0 5 - c . l 

mr/hour. F a i l - s a f e operat ion of the unit i s assured with the use of a 

four channel p icket r a d i a t i o n moni tor '^ ' for which each channel i s ;.. t 

to t r i p at 2 .5 mr/hour. This system i s inter locked with the high vo l tage 

power supply and w i l l immediately shut down the unit in the event that the 

environmental l e v e l s approach the OSHA f i g u r e . An independent conven

t ional e l e c t r i c a l / m e c h a n i c a l interlock, chain i s a l s o used for system pro

t e c t i o n . 

A review of the personnel f i lm badges used for the workers 

most c l o s e l y a s s o c i a t e d with the system show an accumulated l eve l of 219 

mil l irem for 155 man-months.(8) These f igures g ive an average value of 

17 mi l l irem/year per employee. This i s a small f r a c t i o n of the natural 

radiat ion background rece ived by everyone at these l a t i t u d e s ( i . e . 150 

m i l l i r e m / y e a r ) , and only one th i rd of the U.S. nat ional average for medi

c a l d iagnost ic procedures ( i . e . 50 m i l l i r e m / y e a r ) . O 

The i n e r t i n g requirements for the system vary over a broad 

range. The e l e c t r o n cured laminat ing adhes ives used for the wood:paper 

appl i ca t ion require no i n e r t i n g due t o t h e i r "buried" i n t e r f a c e s in the 

laminated c o n s t r u c t i o n . N e v e r t h e l e s s , oxygen l e v e l s of a few thousand 

parts per m i l l i o n are l y p i c r l l y required with high throughput systems to 

reduce environmental ozone l e v e l s to below the 0 .1 ppm required by 

0SHA.<7> 

The des ign used in t h i s i n s t a l l a t i o n u t i l i z e s an exhaust p l e 

num at the i n t e r f a c e between the E l e c t r o c u r t a i n and the u l t r a v i o l e t s t a 

t i o n , so that any ozone or polymer p a r t i c u l a t e s ' ^ ' formed in the pro

c e s s tunnel are exhausted , a long with some of the inert gas ai.d air moving 

with the panels and conveyor b e l t . A s e r i e s of dampers are used to keep 

the process zone under a p o s i t i v e pressure of inert g a s , and 0^ l e v e l s 

down t o a few hundred parts per m i l l i o n can I* achieved in the system with 

a c t i v e exhausting under product ion c o n d i t i o n s . 
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Since t h i s system was designed to accommodate purely e l e c t r o n 

cur ing , O2 l e v e l s of <1000 ppm are des ired to assure uninhibited topcoat 

c u r i i n g with uniform g l o s s . Figure 5 (a ) shows the iu«-rting |>cr for nance of 

the system at a flow rate of 4000 sc fh (150 m-Vliour) using a pure nitrogen 

source . Similar r e s u l t s were achieved with the? inert gar. g e n e r a t o r ' ' ' ' 

us ing products of combustion. These data show that a system "inert ing" 

time of about 15 minutes i s required at t h i s flow rate to reduce the 

treatment zone l e v e l s to below 1000 ppm from ..inbient c o n d i t i o n s ; i . e . 

210,000 ppm. 

Figure 5(b) shows the "holding" c a p a b i l i t y of the system at 

100 fpm (30 m/minute) under curing c o n d i t i o n s . Two s e t s of data taken for 

flow rates of 3000 and 4000 sc fh show the "holding" c a p a b i l i t y of the 

Se l f s h i e l d system at 30 m/minute (100 fpm). These panels were run at 10 

second I n t e r v a l s and were 1 cm x 1.20 m x 1.65 m, so that an interpanel 

spacing of several meters ( 3 . 3 5 m) r e s u l t e d . As tin* panel spacing c l o s e s 

under production c o n d i t i o n s , or i f thinner panels are used, t h i s edge "air 

drag" e f f e c t i s found to b» reduced. Deta i led s t u d i e s of the iner t ing 

l e v e l var ia t ion and recovery with panel v e l o c i t y , g;ts flow rate and c o a t 

ing type were made, but w i l l not be reported h e r e . The system can be used 

to maintain not only the low oxygen l e v e l s required for e l e c t r o n curable 

topcoats ( i . e . <1000 ppm), but a l s o the r e l a t i v e l y high l e v e l s required 

for the hybrid Dual-Cure system ( i . e . S(>,()()0 ppm), in which g l o s s control 

i s accomplished with a tandem u l t r a v i o l e t s t a t i o n . 

The v e n t i l a t i o n requirements on t h i s l ine are largely handled 

by an exhaust hood over the curtafn confer , and a larr.e exh i'ir.t fan at f he 

e l e c t r o n : u l t r a v i o l e t syst"p> int er f,->? • > • The v o l a t i l i z a t i o n of mmomT or 

other c o n s t i t u e n t s from the surface c i . , t i n g s fs worre for an u l t r a v i o l e t 

system, ami in ( h i s system a V-n u ••! for it:; • .vnt i I \\ i< > TU . ,. 

hausting of the S e l f s h i e l d outf d ! n ; ! , whose evi l Is 4 . " ( l b f e . f ) 

from the process /.one, require?: mere .n..ilef.t Mows due to the r e l a t i v e l y 

low l eve l of vol at l i e s generated diir-rig polymerizat ion of these 100% reac

t i v e c o a t i n g s . In s p i t e of the J I . advantage of e l e c t r o n l i n i n g in 'M ; 

r e s p e c t , ac t ive exhaust of the v-'st •. n is ne i"! ; , i ty I •> r l i m i n t t e tin: heiU!-

up of low rnolctular weight volat . ' i ' in t'e v • >t k ; , f 1, nnl i ! i i s 'a>1 I :,l,i e 1 d 

s y s t e m has s u c c e e d e d i n d o i n g •.'•.:• i t l i .'•••entah i>. ' I ' I T I I I ; , ; perf'>: nar'< »•. 

T h i s l i n e has o p e r a t e d s..t i s t a. • e... i • ••/ ,ii | I O ^ M C ! t<>t j . e e d s ,| ,\y t o '..>.', 

m / m i n u t e ( 1 7 5 fj>m). 
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5. Product Characteristics 

The superior surface properties of electron cured or "Dual-
Cure** wood topcoats have been documented in the literature, largely on the 
basis of the pioneering work by the Ford Electrocure process, and later 
through the work of the European coatings community such as BASF and 
Sikkens. Recent work in this country at Brooks-Willamette and Kewaunee 
have concentrated on coated board, similar to the products produced in 
Western Europe. 

The line described here for the first time produces a fully 
"radiation cured" laminate which is more directly comparable to the con
ventional (.75 mm thick) high pressure laminate. Table 1 summarizes (col
umns 1 and 2) some of the physical performance tests performed on both the 
single coating and paper laminate constructions using the system described 
in this paper, as well as the comparable performance of a high pressure 
laminate (column 3). Stain resistance was also evaluated for 29 materials 
under NEMA test LD3-3.09, and the performance of the two coatings used 
here was excellent, and in most cases exceeded the requirements of the 
NEMA protocol. 

Figure 6 shows a photomicrograph of the EB cured paper:board 
laminate, and demonstrates the superb wetting and integration of the 
coated paper:particleboard system. It seems likely that the durable sur
face properties Imparted by this attractive 100 gm/m^ construction will 
find application on other substrates for building product applications. 
6. Conclusions 

The performance of this system has demonstrated the practica
bility of compact electron curing machinery for sheet fed applications. 
In particular, the lnertlng:shielding design has performed well at speeds 
above 50 m/minute with thick, heavy products (up to 3 cm in thickness with 
1.2 m x 2.5 m panel weight to 65 kg). The excellent results with this 
system Indicate that higher performance with thinner products is readily 
available. Progress over the past year by the coatings suppliers in 
achieving low viscosity 100% solids topcoats and adhesives of modest dose 
to cure will lead to expanded use of this equipment with wood, paper and 
metal substrates and will result in many new attractive produrts for the 
building and packaging industries. 
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TABLE 1 

COMPARATIVE PERFORMANCE TESTS: 
EB CURED PRODUCTS AND A HIGH PRESSURE LAMINATE 

2 Mil 2 Mil 
T e s t EB W h i t e ( l ) E_B C]ea_r_( 1 ) 

Keltnar S c r a p e A d h e s i o n 6 8 

Hof fnan S c r a t c h 1800 1100 

Tabe r A b r a s i o n : ' 2 ) 
C y c l e s t o F a i l u r e @ 500 gm 144 145 850 

Mg l o s s / 1 0 0 C y c l e s 155 161 82 

Hot Wax R e s i s t a n c e ^ 3 ) No E f f e c t No E f f e c t No E f f e c t 

B o i l i n g Water P e r f o r m a n c e ^ ) No E f f e c t No E f f e c t tJo K t f e c t 

( 1 ) T o p c o a t e d on a w o o d - g r a i n p a p e r : p a r t i c l e b o a r d l a m i n a t e . PPG 
C o a t i n g s R109W66 ( W h i t e ) and R81N66 ( C l e a r ) . 

( 2 ) As s p e c i f i e d u n d e r NEMA L D 3 - 3 . 0 1 . 

( 3 ) As s p e c i f i e d u n d e r NEMA L D 3 - 3 . 0 6 . 

( 4 ) As s p e c i f i e d u n d e r NT.MA L D 3 - 3 . 0 5 . 
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Topcoated Paper 
60 microns 

Laminating Adhesive 
45 microns 

i Particle Board 
2 cm 

Figure 6 Photomicrograph of topcoated/laminated 
particle board (200 X). 
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1. Summary Background Statement on Value of Nucleonic Control Systems 

Pulp and paper industries around the world manufacture two main 
paper products, i.e. regular paper and paperboard. Each of the products 
has teen categorized into many grades of quality due to market requirements 
and limitation of each mill. Furthermore, the production process utilized 
by each mill also varies from one to another. However, regardless of various 
processes and end products of each mill, the most important parameter in 
production is the control of basis weight. Since basis weight, is the 
most frequently measured parameter in production, it is also used as the 
predetermined parameter to establish a standard of the required paper pro
ducts. 

Therefore, to accurately measure and control the basis weight in 
a production line is the prime concern of paper manufacturers. Hence, metho
dology and gauging system for basis weight control and measurement have been 
constantly developed for better accuracy and increased productivity. 

In the past, there was not any satisfactory system from which 
basis weight could be accurately measured. Therefore, the quality of paper 
products was either poor, or the cost of good quality paper was high. With 
many years of research and development, the gauging and control system has 
been developed to the point where accurate measurement and control of basis 
weight can be satisfactorily obtained in pulp and paper industries. The 
sensor system has greatly been improved, and the control system has more 
sophisticated capability, enabling increase in both quality and in pro
duction of pulp and paper. Such marked improvement of the system has been 
achieved through the incorporation of nucleonic sensing technology. The 
system has now been successfully utilized in various industries in improving 
productivity and quality of their products. Unfortunately, the benefit from 
using the system im pulp and paper industry in the past 20 years h?;.s been 
limited to the developed countries. This is because of the high cost of the 
system due to the utilization of high technology in both sensing and con
trolling units. The use of such systems in pulp and paper production in 
developing countries has been widely discussed in terms of economic and 
technological benefits such countries would receive in relation to the capital 
investment of the system. Some believe that it is not economical to use 
such systems in medium and small paper mills, but some others do not 
agree with this view. Some also fear that due to lack of qualified local 
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service engineers, optimal utilisation of such systems is not possible. 
Therefore, such divergent views among experts in the field need to be 
answered, especially in relation to the use of such systems in medium 
paper mills. 

It has been proved in recent years that the nucleonic control and 
instrumentation system has been successfully utilized in medium paper 
industries (100 to 200 tons per day). Accordingly, the application of 
nucleonic systems to improve and increase production in paper mills becomes 
an attractive proposal particularly in developing countries. 

The proposed project will certainly clear up doubts among the experts. 
Furthermore, the demonstration plant will also gain technological merit 
on technology transfer. The information, benefit and merit gained from 
the demonstration plant will then be shared with other RCA member states 
so that the technology can be introduced more widely in existing and future 
plants and the economic and technical benefits in the region may be multiplied 
severalfold. The technical and economic benefits which will be gained 

I 

by the plant, and ultimately by other plants in the Region will be better 
quality of product, savings in raw material, increased productivity and 
energy savings. 

The demonstration plant has been recommended for the Si&m Kraft Paper 
Company (SKPC) by a four-man expert technical mission appointed by 
the IAEA. The production capacity of the plant, is 200 tons per day 
which is a medium capacity paper mill. SKPC is the largest producer 
of kraft paper in Thailand. The plant capacity is suitable for the proposed 
system and the inputs involved are quite appropriate for UNDP assistance. 

2. Regional Profile of the Paper Industry 

The total installed capacity in the RCA countries for production of 
pulp, paper, and paperboard was about 27.5 million tonnes in 1979 and is 
expected to rise to about 33 million tonnes in 198U (FAO survey). This would 
mean roughly a total increase of 20>f, indicating an average of 5% increment 
per annua. This is inclusive of those countries which have not planned for 
any increase in their production capacity during the b years under review. 

The developing countries in the RCA region have a low per capita 
consumption of paper, around 2 kg, compared to 100 to 250 kg per capita 
consumption in the developed countries. This is so because of poor economic 
conditions. Also paper is an optional, rather luxury item. However, there is 
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a clear trend for a more rapid increase in internal consumption, as 
indicated by social progress and increasing industrial and commercial 
activities. In view of this, it would be reasonable to assume that the 
per capita consumption would double by 1990 and increase to about U kg per caoita 
for developing countries and the production capacity will then have to 
reach 50 million tons per annum. Present trends indicate these figures 
will be attained. 

Japan is undoubtedly the most advanced country in the Region 
in the production of paper and pulp, with high speed, high capacity machines, 
employing the latest technology.Japan produces about 21 million tons 
of paper and paper board. It produces practically all the pulp needed to 
make paper of all varieties (mainly from imported wood). 

Australia is also a leading producer in the Region with a capacity 
of about 1.5 million tons in 1979. 

The Republic of Korea and India produce important quantities of paper 
and paper board. The Republic of Korea has a capacity of about. 1.8 million tons 
and India produced 1.6 million in 1979. 

Thailand and the Philippines have production capacities around 
0.U million tons per year; Bangladesh, Pakistan, and Indonesia have 
capacities in the range of 100,000 to 150,000 tons, and Malaysia, Sri Lanka, 
and Singapore make ver> small quantities, U0,000 to 50,000 tons/year . 

The paper produced in most of the countries in the Region is largely 
for internal consumption, except in the case of Japan which has a sizeable 
export market. It may be pointed out however, that although developing countries 
pre not at present exporting much paper, the need for more rigid controls 
through advanced gauging systems and improved quality is unquestionable. 
Such systems and technologies would improve productivity, effect cost savings, 
and increase quality consciousness in the domestic market. 

Raw materials: The sources of raw materials during the eighties 
would have to be of a non-conventional type in most of the countries, mainly 
agricultural wastes such as cereal straws, bagasse, kenaf, and all kinds 
of tropical hardwoods. Secondary fibres of various types would also form a 
considerable proportion of the total fibre-mix. Conventional coniferous 
woods are not available but small quantities of tropical coniferous woods 
can be used. These non-conventional raw materials have poor strength 
properties,and unless the processing parameters are controlled veil, they 
would render the paper susceptible to comparatively smaller deviations 
(such as freeness of pulp on stock preparation variation in substance and 
moisture content, filler content, etc.). Puch small deviations do not 
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influence paper making so adversely when good quality fibre from coniferous 
woods is used. These susceptibilities would have even more effect on 
high speed machines. It is thus very necessary, considering the trend 
of future paper machines, that rigid and accurate control systems should be 
introduced in such manufacture. 

Capacity: While advanced countries have high capacity, high speed 
volume, it may be assumed that the developing countries of the region 
would find medium-size machines (about 100 TPD) optimal for their require
ments. Smaller size machines, now forming a considerable part of present 
production capacity, are less economical and will, with time, become technically 
obsolete. Existing small capacity machines are less suitable for introducing 
sophisticated nueleonic control systems than larger machines (100 TPD and more) 
now operating or coming up in the next decade. These machines will realize im
portant economic advantages through the incorporation of such control systems. 

Type of product: The major demand in the eighties would include writing 
and printing varieties, wrapping (Kraft) and paperboards of common usage, 
and newsprint. If considered in the light of requirements,sophisticated and 
speciality grades will no doubt result in smaller market demands. Nonetheless 
the expected increase in paper consumption through the 1980s and 1990s will re
quire increasing use of technologies associated with higher capacity, faster 
machines with high technology control systems. The feed stock in most of the 
developing countries would, as already indicated earlier, consist of high pro
portion of pulp from agricultural straws and tropical hardwoods. In the case of 
newsprint.bagasse and pulp from hardwoods would be the dominant component in the 
fibre-mix. No doubt more modern technology would help to make better pulp out of 
these cereal straws, bagasse materials, and tropical hardwoods but these would 
in view of their inherent deficiencies hardly be comparable to the standard 
softwood pulps. The application of the best control techniques from pulping 
to paper machine would accordingly be of great importance. In these countries 
a typical combination of, 60J cereal straw pulp, 20/t hardwood pulp and 
about 20)f secondary fibre from paper cuttings of good qualities or 10# 
each of softwood pulp and paper cutting could be used as the fibre-mix 
for manufacture of writing and printing paper of medium qualities. Such fibre-
mixes would still be workable on fairly high speed machines (st>eed rantre of 
UOO-500 m/min) of capacities making paper in the substance range of 
50-60 G.S.M. But the emphasis would still be on the best possible control 
on all major process parameters involved in the pulp and paper mills. 
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Control devices: At present, the control devices used in various 
areas of pulping and paper making are mainly mechanical, hydraulic, and pneuma
tic systems, with some electronic systems in the more modern mills. In 
soce small and old plants, visual methods are employed in some stages of 
operation. Control of pulp flow systems in the larger, modern mills is 
done by magnetic flow meters. The consistency of pulp, an important stage, 
is mostly controlled by mechanical devices to sense and transmit to 
pneumatic controls for adjusting dilution water into the stream of pulp. 
In many cases, it is done by mechanical devices based on slower flow of 
thicker pulp and faster flow of diluted pulp. Basis weight control is 
often done by pneumatic control devices and/or by manual operations involving 
finding weight in grammes per square meter. For density and moisture control, 
sensing is done by steam condensation differential coupled with pneumatic 
devices. Except in the large and modern mills in Japan and a few modern 
units in Australia and India, there are generally no devices used for control 
of thickness (bulkiness/caliper) or control of ash content(loading material/ 
filler content in paper). 

3. Regional Benefits from UMDP demonstration programme 

The need for advanced technology through the introduction of 
sophisticated nucleonic systems in the paper industries of the Hegion has been 
established. In summary this need arises from an understanding of the follo
wing factors: 
- the demand pattern in the Region due to advancing social and in
dustrial progress will require more good quality paper for educational, 
commercial, and cultural activities which is to be produced with 
greatest economy. 

- the trend towards modernisation will necessitate substitution of old small 
capacity machines with faster medium capacity machines. The need to fulfil 
the demand in the home market will also ensure that newer plants will have 
medium to high capacity machines. 

-the nature of raw materials to be used increasingly in these countries 
will require closer and more sophisticated controls to ensure high 
quality products. 

The UNDP Paper Demonstration Project proposed will *ive important technical and 
economic benefits to the plant where the nucleonic system is introduced. 
These benefits will include important savings in raw materials and gain in 
production. Savings in energy will also result. The greatest advantage 
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wil l be improved qua l i ty of the product. By t r ans fe r r ing t h i s technology 
through a demonstration programme in which several countr ies of the Region 
wi l l e f fec t ive ly p a r t i c i p a t e , these benefi ts can be obtained both in the 
future p lan ts to be set up and in rr.nny of the ex i s t ing plants in the Region 
where technology and capacity permit the introduction of nucleonic gauging 
systems. 

The introduction of an advanced nucleonic control system through a 
demonstration project wi l l catalyse the adoption of other modern con t ro l s , 
instrumentation and techniques to make plants in the E<egion, conscious 
of p roduc t iv i ty , q u a l i t y , and economy. The demonstration programme wi l l 
catalyse in pa r t i cu l a r adoption of other radioisotope applications in the 
paper indus t ry , as for ins tance , use of continuous level monitors to 
control levels of pulp stock measurement,of quanti ty of raw material chips 
on the bel t conveyors used for the charge by radioisotope weightometers and 
the use of laboratory off-time radioisotope instruments for measurement or 
ana ly s i s , e t c . Many of these devices are semi-automatic in na ture , while 
some are more sophis t ica ted un i t s using microprocessors. Their choice 
would depend on the type of plant and i t s level of technology; but in 
any case , t h e i r introduct ion would be f a c i l i t a t e d by the education of technical 
management through t h i s demonstration p ro jec t . 

k. UNDP Demonstration Programme at SKPC 

The UNDP demonstration programme at SKPC wi l l be one of the most bene
f i c i a l programmes under the RCA projec t . The programme is aiming at improving 
the production efficiency and good qual i ty products with minimum u t i l i z a t i o n 
of raw mater ia ls and energy. The ver i f ica t ion of the bene f i t s , from which the 
SKPC as well as the RCA member s t a t e s wi l l receive, w i l l y ie ld major technical 
and economic benef i t s . 

The benef i ts of each category are discussed separately below. 
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Technical Benefits - Siam Kraft. Paper Plant. 
i . Increased the speed of the production 

By the i n s t a l l a t i o n of a continuous moisture measurement device 
and presentat ion of moisture p r o f i l e a t the r e e l , the backtender 
has the information avai lable t o reduce the moisture var ia t ions 
and r a i s e s the average moisture to a point that the peak moisture 
i s jus t under the to le rab le l im i t . An increase in end moisture 
wi l l permit an equivalent to reduction in fiber content and s t i l l 
maintain the same basis weight. (Basis weight measurement is de
tected from the nucleonic device) . The resu l t of increasing the 
end moisture w i l l permit an increase in machine sp»jed without in
creasing the dryer steam. Generally a one percent increase in 
end moisture w i l l permit a three to fifteon percent ; ir.cr"*se of 
speed depending upon the p a r t i c u l a r paper machine and tiie degree 
of overdrying. From the ca lcula t ions in part b. ,bas^d on. the 
current conditions of paper machine No. 1. by increasing 1. .Si of 
end moisture, the increase of production is approximately 5.2 •*. 
Since the increase of speed w i l l permit an increase of production, 
i t can be concluded tha t increasing of the end moisture from 5.5% 
to 7.0% permits approximately 5.2% of increase in machine speed. 

i i . Reduced s t a r t - u p time 
The s t a r t - u p time accounted here means the time from the 

beginning of any changes un t i l the speci f ica t ion i s achieved. 
From the ex is t ing system, the average annual s ta r t -up tirr* i s 
t o t a l l y 2.5 days. The time is divided in to two main kind.-; of 
s t a r t -up time, i . e . the loss due to basis weight change and grade 
change. The bas i s weight change wi l l take up annuaLLy 1.1 days 
while tha t of grade change i s 1.2 days. 

I f the nucleonic control system i:; employed, the l.v.-,s due 
to the s t a r t - up time can be almost t o t a l l y saved. The economic 
loss due to the time i s given in sect ion 4 b , the economic benef i t s . 

i i . Reduced paper breakage 
The paper breakage of the e x i s t i n j system can ;es r-.rw loss 

mainly of the reprocessing cos t . The actual cost is r. ath-c com
pl ica ted to ca l cu l a t e . However, by approximation, the los , i s 0.02 
percent of the t o t a l production which i s equivalent to 15 tons per 
year. The addi t ional loss of the breakag is the em .->jy loss in 
operating cost which is given in number or dol lars in section \ to. 

The i n s t a l l a t i o n of the nucleonic system wi!1 approximately 
reduce the loss by JO percent . 

iv . Technical Gain of Personnel 
One of the important benef i t s t b i t personnel of the Siam 

Kraft Paper Co. , Ltd. w i l l rece ive , is th • engineering e:v'M"ti.;e 
gained by working with the system. This vtluabb; gain h; immea
surable as i t wi l l contr ibute a great de i l in sharing tho techno
logy know how with the RCA coun t r i e s . Although the number of ex
perienced engineers may be small , t h i s sm.ill nucleus wil l be of great, 
value for extending this application to other paper industries in 
the RCA region. 
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4 . b Economic Benef i t s 

The ecorvMucal b e n e f i t s presented here are based on the s t a t i s t i c s 
c o l l e c t e d by the SKPC. The data used in the c a l c u l a t i o n s are g iven below. 
That i s the genera l data of the e x i s t i n g system (Paper H i l l 1 1 ) . 

General Data 

1 . Average Tons/Day « 220 Tons 

2 . Operating Days/Y*ar * 330 Days 

3 . Average Tons/Year ((T) x (3)> * 72,600 Tons 

4 . Average S e l l i n g Price/Ton * SOO US$ 

5 . Average Raw Material Cost/Ton * 300 (S3 

6 . Current Average Moisture Content = 5.5 % 

7 . Average Cost o f Steam/Ton = 12.S USS 

8 . Average Ton o f Steam t o Dry 1 Ton o f paper = 3 .2 Tons 

9 . Present speed on dryer l i m i t e d grade = 370 HPK 

10. Number of B a s i s Height Change per Year = 192 Times 

Average Time t o Acheive on S p e c i f i c a t i o n weight *= JQ Kin. 

Annual Time t o Acheive on Basis Height change = 1,920 Nin. 
(192 x 10 Min.) 

1 1 . Number of Grade Change per Year = 84 Times 

Average Time t o Acheive on S p e c i f i c a t i o n Grade = 20 n i n . 

Annual Time for Grade Change (84 x 20) = 1,680 Kin. 

12 . Present Tonnage o f Rejected paper ( o f f - s p e c s . ) = 1,000 Tons 

13 . Moisture Before Dryer Part = 60 % 

14 . Raw Material Loss due to Paper Break/Year = IS Tons 

15 . Projecteu Target Moisture Content = 7 .0 % 

From the above data , the projected savings and ga ins are : -

1 . Savings in raw m a t e r i a l s . 

2 . Savings of «nergy. 

3 . Savings in Operating cos t 

4 . Gain i n production 

The main sav ings of the nucleonic contro l system are the 
sav ings of raw m a t e r i a l s and operat ing c o s t , and the ga in i n Production. 
The energy sav ings are due mainly t o the paper break.The fo l lowing i s a 

summary of the projected savings and g a i n , 

Savings/Gain % Savings/Gain Values (S/Year) 

Raw Mater ia l s 1.6 405,000 

Energy ".7 78,275 

Operating Cost - ' 1,200 

Production 5.2 759,200 
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Note The savings and ga ins are c a l c u l a t e d based upon the fact that they do 
not occur s imultaneously . Therefore, the t o t a l savings and ga ins can
not be the sum o f those l i s t e d . 

Sample o f Calculat ions 

Case I Economic p r o f i t i n dryer l imi t ed machine. 
By incorporating a gauge a t the r e e l s e c t i o n in the paper 

machine. If we s h i f t the r e e l moisture target up, i t w i l l r e s u l t 
and reduce the drying requirement. I t means we can gain the steam 
saving p r o f i t and f iber saving p r o f i t . 

Steam saving due to r e e l moisture increased from 5.5% to 7.0%. 

Before i n s t a l l a t i o n 

Evaporated Water = 72,600 x 0.945 x ( |^ - § ^ 5 > = 98917.5 Ton 

Steam used = 3 . 2 x 72 ,600 = 232,320 Ton 

Ton of steam . , 232,320 _ ,_ 
Ton of Water i n d e X = 98917.5 = 2 * 3 5 

So the actual dryer capac i ty consumes 2.35 Ton of Steam to evaporate 1 Ton 
of Water. 

Aftec i n s t a l l a t i o n 

Evaporated water = 72,600 x 0 .93 x (— - r j - ) 

= 96,195 

Steam used 

. * . Steam saving 

or 

or = 
232,320 " * 

Fiber saving due to r e e l moisture increased from 5.5% to 7.0% 

Before i n s t a l l a t i o n 
94 5 Fiber used = jf— x 72,600 * 68,607 Ton/Year 

After i n s t a l l a t i o n 
93 Fiber used = — x 72,600 = 67,518 Ton/Year 

. ' . Fiber saving = 68,607 - 67 ,518 = 1,089 Ton/Yea. 

or = 1,089 x 300 = 326,700 S/Year 

• iirfoV * 1 0 ° - ^ * 
. * . Total economic p r o f i t = 78,275 + 326,700 

= 405,000 $/Year 

9 6 , 1 9 5 Ton 

2 . 3 5 x 9 6 . 1 9 5 Ton 

2 2 6 , 0 5 8 Ton 

2 3 2 , 3 2 0 - 226 , 058 

6262 Ton/Year 

6262 x 1 2 . 5 $/Year 

7 8 , 2 7 5 $ /Year 

6262 x 100 = 2 . 7 % 
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Case II Economic profit in dryer unlimited machine. 
It is readily recognized that increasing the reel moisture 

will permit a sizeable increase in machine speed without increas
ing the dryer steam. In fact, increase in end moisture will per
mit the speed increase depending upon the particular paper machine 
and the degree of overdrying. 

Suppose the dryer consumesthe same amount of steam, so the 
saving of steam due to increasing reel moisture can be applied to 
increase the machine speed, and thus increase production. The 
resulting production increase will improve profits by the amount 
of the product value at the reel minus the cost of material at the 
headbox. 

6262 
. . Production increase 

. * . The f iber used 

Additional f iber 

Fiber cos t 

. * . Production ga in 

or 

3 .2 

1957 x 0 .93 

18 20 - 1089 

731 x 300 

(1957 x 500) 

759,200 

759,200 
72 ,600 x 200 

1,957 Ton/Year 

1,820 Ton/Year 

731 Ton/Year 

= 219,300 $/Year 

— 219,300 $/Year 

$/Year 

= 5 .2 % 

Savings of Energy 

The sav ings i s c a l c u l a t e d based upon the es t imat ion of number 
of break*per year and the l o s s of the production time per break. By 
knowing the power consumption per ton and the production per year, one 
can c a l c u l a t e the energy savings a s f o l l o w s : -

From the general data; 

Total energy consumption per ton = 6 8 $ 

The production per hour = 9 . 2 Tons 

The l o s s of the production time per break = 5 Min. 

The average frequency of paper break = 2400 Times/Year 

Estimated energy saved = 30% of the t o t a l l o s s 

= (68) (9 .2 ) ( ^ ( 2 4 0 0 x 0.3) . . The savings of energy 

= 1,200 $/Year 

The reason tha t the savings of energy i s g iven in terms of 

d o l l a r s rather than energy u n i t s because the c o s t of energy has been ca l cu la ted 

by the siva of e l e c t r i c a l and wood-burning energy. To g i v e the c o s t break

down of jach kind i s rather d i f f i c u l t . 

Note : the savings o f the raw material due t o the paper break i s est imated 
to be 15 tons per year. The t o t a l money saved i s , then, 4,500 US$ 
per year. However, t h i s number i s small comparing that d£ g iven in 
the t a b l e . Therefore, i t i s considered n e g l i g i b l e . 
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Improve q u a l i t y c o n t r o l 

The g r e a t e s t advantage of o n - l i n e b a s i s weight and mois ture c o n t r o l 
i s the r e s u l t i n g improvement in p roduc t q u a l i t y . I t i s well known t h a t qua
l i t y f a c t o r s such as Mullen, t e n s i l e s t r e n g t h , p r i n t i b i l i t y , p o r o s i t y , s h r i n k , 
c a l i p e r , and o t h e r s a r e s t r o n g l y dependent upon the un i formi ty and p rope r 
b a s i s weight and mois tu re c o n t e n t . When the market i s s o f t , t he se f a c t o r s 
become of prime importance t o main ta in ing and i nc r ea s ing a company's market 
s h a r e . 
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Supporting Documentation and Information 

5.1 The Siam Kraft Paper Company (SKPC) 

The SKPC is situated not far from Mae Klong River. (See Fig. 1) 
The plant is about 84 kilometers west of Bangkok. The company employees 
are as follows: 

1. Engineers 34 
2. Technicians 501 
3. Office staff 98 
4. Security 8 
5. Others 169 

Total 810 

The organization structure of SKPC is given in Fig. 2. 

5.2 The General Conditions 

The environment and the general technical environment conditions 
are given in brief below. 

5.2.1 Mill Site Condition 

5.2.1. Location 

Country : Thailand 
Province : Rajburi 
Town : Ban Pong 
Port of Entry : Bangkok 
Distance to Port of Entry 73.5 km by rail 

84 km by highway 

Elevation : 10.5 m above sea level 

Climate conditions : Mean max. temp. 37.9'C 
Mean min. temp. 17.3°C 

Rainfall 

Average annual rainfall : 1144 mm 
Max. annual duration 1 Hr. : 78 mm 
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Wind Direction NE monsoon and SW monsoon 

5.2.2 Mill Service Characteristics 

Mill Water 

Temp. : 30 j t 2.5 °C 
Pressure : 2.5 kg/cm2G 
Quality : Turbidity : 4.5-8.5 pptn 

PH : 6.9 - 7.7 
Total Alkalinity 160.0 - .90.0 AS CaC03 

Total Hardness 160.0 - 180.0 AS CaC03 

ci 5.0 ppm 
Nitrate 0.1 ppm AS N 2 

SO4 17.0 - 24.0 ppm 
Na 10.0 ppm 
Fe 0.1 - 0.2 ppm 
Si 25.0 ppm AS Si02 
Temperature Avg. 32°C 

Steam 

Saturated steam inlet to paper machine 
pressure 10.5 kg/cm2G 

Electrical 

High voltage power supply 
Intermediate 
Low 
Grounding System 

Control circuit supply voltage 

Instrumentation supply voltage 

Lighting supply voltage 

22 kv 3 4 50 Hz 
4.16 kv 3 ̂  50 Hz 
400Y/230 3 i 4 W 
Resistance grounding 

220 V 1 i 

220 V 1 4 

220 V 1 4 

Air Source 

Mill air pressure 
Instrument air pressure 

6.0 kg/cm2 

6.0 kg/cm2 
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5.2.3 Load and Clearance Limit for Inland Transportation 

Highway 

Railway 

Height 5,000 mm 
Width 2,500 mm 
Load 30 Tons 

Height 3,124 mm 
Width : 2,820 mm 
Length • 16,600 mm 
Load 30 Tons 

5.3 Brief Plant Operation 

The overview of the plant operation is given. Then, a summary of 
plant capacity is discussed. 

5.3.1 Summary of General Paper Production 

The paper production process of the SKPC can be discussed, 
in brief, by a simple block diagram as shown in Figure 3. The process 
consists of three main processing areas. That is 

a) Stock Preparation Area 
b) Wet End Area 
c) Dry End Area 

The raw materials used are mainly three kinds of pulp, namely, 
unbleached long-fiber pulp, bagasse and waste paper pulps. The pulps 
are mixed in a certain ratio to produce the srade paper required. 
the composition of each pulp, therefore, depends on the production 
requirement . Because of the different nature of each pulp, they are 
prepared and treated in their respective treatment plants. 

After the treatment , each pulp is pumped through disk refiners 
into machine chests. Eventually, the pulps are mixed in the machine 
chest units. 

The mixed stock is, then, pumped through a Jordan, stuff box and 
basis weight valve, successively. From the basis weight valve, the 
stock is pumped into the head box via a selectifier. In the head box, 
the stock is forced, through a slice of head box, onto an end-less 
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moving wire screen. At this point, the stock contains a large 
percentage of water which needs to be drained out. Therefore, 
while the majority of the stock moves forward on the wire, the 
water drains through the wire into a wire pit. Then, the remaining 
stock goes through different stages of successive removing of 
water in wet and dry ends. Then the paper is almost dried, the 
fibers are then pressed and, further, dried on felt blankets. 
Finally, the dried fibers (paper) are polished and collected on 
the rotating paper reel. 

5.3.2 The Summary of Plant Capacity (Consult Fig. 3) 

1. Stock Preparation 

a) Long fibers (20 - 50%) 
b) Bagasse (10 - 25%) 
c) Waste paper (10 - 75%) 

The numbers in parentheses are the percent mixed of each type 
of raw materials. The-percentage of the mixture depends solely on 
the paper grade determinations. The mix may contain two of the three 
types of raw materials, or all three of them. 

2. Machine Chests 

There are two sets of machine chests. One is used as a primary 
chest and the other is used as a secondary chest. The technical 
specification of each chest is as follows: 

a ) Primary Machine Chest 

Flow Rate = 250 - 300 m3/hour 
Consistancy = 2.5-3.0 % 

I,) Secondary Machine Chest 

Flow Rate = 110 - 130 m3/hour 
Consistency = 2.5 - 3.0 % 

3. Basis Weight Valve 

There are also two basis weight valves to correspond to the 
machine chest. Their specifications are: 
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a) Primary Basis Weight Valva 

Flow Rate Regulation = 5 50 - 200 m3/hour 
Consistency = 2.5 - 3.0 Z 

b) Secondary Basis Weight Valvs 

Flow Rate Regulation - .10 - 130 m^/hour 
Consistency = . f - Z.3 % 

Head Box 

a) Primary Head Box (clc«?c: :; :») 

The operation: 
Maximum Capacity ~ ,.<;'' r;-/Oar 
Maxinum Speed = 1":') :J n:. . 
Consistency = '-. ). 

Minimum Capacity =•• .. ?C0 i-,"ic: :•: 
Minimum Speed = ^0 IT/M:'.TI 
Consistency = Z,65 % 

Head Pressure Level C-.r : :cl ''rr.<3c) = 80 - 400 m/min. 

^) Secondary Head Box (o rz.\\ type: 

There is no information, available. 

Wire Path 

Drainage Capacity = 0.25 - 20% 
Wire Path Speed = 75 - 370 m/min. 

Press Path 

Moisture reduction capacity is from 80 t 2% to 62 ± 2%. 

Dryer 

Moisture reduction capacity is from 62 ± 2\ to 5 ± 1%. 
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3. Calender 

Polishing capability is not known. It is mainly used for the 
basis weight check point for quality control. 

S.k. Scheme of total plant operation 

The full scheme of the plant operation is shown in Fig.U. In the 
figure, the whole perspective of the plant operation is clearly given. 
The brief plant operation given in section 5.3. *"• derived from this scheme. 
Therefore, further explanation is not necessary. 

5•5• The cross-section of nucleonic control 

The cross section of the r.ucleonic control (O-Frame Scanner) is shown 
in Figure 5-)• 

• * * * 
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\.6. Components of Nucleonic Control Systems r l u s schemat ic diagram, 
of 5vs ten 

3/*! Control system measures and c o n t r o l s basin voigiafc and 
moi s tu re in '.•ar>er. Fie;. 6 sh.-vs hovf the sys+e::. : s used it; a 
r a r - r r ; i c : i : a ' . E/M senso r scanner i s i n s t a l l e d ^.t-twoen t h e caler . -
l-.:r and t h e r e e l . The scanner has two s o n s - r v , bas i s weight 
s->r.s r (. H sensor ) and mois tu re s e n s o r (M s e n s o r ) , 'i'he senso r s 
t r a v e l over the paper web and measure b a s i s weight a^d moi s tu re 
in trie t.f-.ner. The s i g n a l s fror. t he senso r s a r e t >-ar.sr:;i-. ted t o a 
oomT-titer iFCC). KCC processes t h e s e s i g n a l s t o i i s r l ' sy t hpr; on 
t h e CRT d i s p l a y dev ice and record on t h e t.reno. r e c o r d e r on the 
par .e l . 

The System Typewri te r i s used t o ma in ta in the programme in 
t he computer. 

To c o n t r o l b a s i s weight t h e s i g n a l from FCC n a n i t a l a t e s 
s tock v a l v e , and t o c o n t r o l mo i s tu re FCC man ipu la t e s steam 
p r e s s u r e c o n t r o l v a l v e . 

Tne hi s enso r measures the b a s i s weight by the abso rp t i on 
of , J > - r a y , whi le M s e n s o r measures mo i s tu r e by t h e r a t i o of 
s b s ^ r p t i o n of two i n f r a r e d r a y s . 
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r. TECHNICAL SPECIFICATION FOR SYSTEM 

The system consists of the following components: 

Basis weight sensor 
Moisture sensor 
Operator station 
System printer 
Digital wieght control 
Digital moisture control 
Hardcopy reports 
Video dispays 
Product code file 
Diskette 
Minicomputer 
Programmable microcomputer module 
O-Frame Scanner 
Necessary instruments 
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Techn ica l D e s c r i p t i o n s of each component: 

l i B a s i s Weight Sensor 

The b a s i s weight s e n s o r p rov ides p r e c i s i o n measurements for p roduc t s 
r ang ing from t i s s u e t o heavy b o a r d . The s e n s o r i n c l u d s high e f f i c i e n c y 
s o u r c e of b e t a r a d i a t i o n , cus tomized t u n i n g t o t h e p r o c e s s , and l a r g e 
d i a m e t e r i o n i z a t i o n chambers t h a t f e a t u r e u l t r a - s t a b l e r a d i a t i o n d e t e c 
t i o n and high s i g n a l t o n o i s e r a t i o . 

The r a d i o i s o t o p e source i s Kryp tcn -85 . The sensor t y p i c a l l y measures 
b a s i s s h i f t s as small a s 0.05%. 

2) Mois tu re s e n s o r 

The m o i s t u r e s e n s o r p r o v i d e s p r e c i s i o n measurements of mois ture con ten t 
i n p a p e r web a t a very wide range of mois tu re l e v e l s . Two hemispherit<» i , 
m i r r o r e d s u r f a c e s c o l l e c t and focus a l l of the i n f r a r e d energy i t one 
s p o t which e n s u r e s a maximum number of pas ses through t h e s h e e t with a 
minimum of energy l o s s . The s e n s o r s o p e r a t e s a c c u r a t e l y in ambient Uvr-
p e r a t u r e s up t o 107 °C (22 5 ° c ) . 

3} O p e r a t o r S t a t i o n 

Ope ra to r s t a t i o n pe rmi t s complete two way o p e r a t o r i n t e r f a c e wi th the 
sys tem and p rov ides housing for system e l e c t r o n i c s . Al l push-button--
and v ideo d i s p l a y s a r e p rov ided in t he a p p r o p r i a t e language. Pushbut ton 
s e l e c t i o n p r o v i d e s burst , loaded c o l o r - k e y e d p r o f i l e s of key product, cha
r a c t e r i s t i c s , a la rm messages , and a lphanumeric .summaries ,a,d r t ^ o r t s on 
the c o l o r g r a p h i c v ideo m o n i t o r . 

4) System P r i n t e r 

The sys tem p r i n t e r i s a m u l t i s p e e d i n t e r a c t i v e da ta communication" t e r 
m i n a l . I t f unc t ions a s an i n p u t / o u t p u t computer command tetn.iiruu. <>-: 

w e l l as a h igh speed hard copy r e p o r t p r i n t e r . 

5) D i g i t a l weight , c o n t r o l and d i g i t a l m o i s t u r e c o n t r o l 

The d i g i t a l w e i g h t c o n t r o l p r o v i d e s g r e a t e r p r o d u c t u n i f o r m i t y w h i l e m i l ! 
p r o d u c t i o n r t a y s c l o s e r t o s p e c i f i e d t a r g e t s . Based upon feeco-ick from 
m e a s u r e m e n t s e n s o r s , a d j u s t m e n t : . a r e made t o t h e p a p e r mad o n e ' :•• ock f low 
t o c o n t r o l ha.'-: i s w e i g h t , and si..ea;.-i p r e s s u r e t o c o n t r o l m o i s t u r e . 

The d i g i t a l weight , and m o i s t u r e c o n t r o l composes o f two i m p o r t s : v : f e a t u r e s : 
."can i n d e p e n d e n t c o n t r o l and model r e f e r e n c e c o n t r o l . 

Scan i n d e p e n d e n t . c o n t r o l - a l l o w s c o n t r o l a c t i o n s t o o c c u r a s o f t e n a:; 
ever/ 15 s e c o n d s , i n d e p e n d e n t of s c a n s p e e d . As t h e s e n s o r . ; se-i'i t h e 
s h e e t , a c t u a l b a s i s w e i g h t and m o i s t ; ' . : : v a l u e s a r e compared w i t h t a r g e t s 
a t t h e b o u n d a r y of e a c h o f up t o s i x s c a n n i n g z o n e s e s t a b l i s h e d f o r t h e 
s h e e t c o n t r o l c o r r e c t i o n s a r e t h e n b a s e d on t h e most r ece r . ' d a t a c o l l e c t s 
i n e a c h z o n e . 

ModeL r e f e r e n c e f o r d i g i t a l w e i g h t and m o i s t u r e c o n t r o l o p e r a t e s i n p a 
r a l l e l w i t h t h e a c t u a l p r o c e e d . The mode l p r e d i c t s t h e e r r o r b a s e d on 
p r o c e s s v a l u e s Jt. t h e p o ' n t of m e a s u r e m e n t and p r o c e s s c o r r e c t i o n s t h a t 
h a v e b e e n made but. h a v e n o t y e t r e a c h e d t h e s e n s o r s . Thi> p r o c e d u r e . id-
j u s t s f o r t h e t i m e l a g and o t h e r p r o c e s s d y n a m i c s w h i c h o c c u r b e t w . e i . t . t : 
t i m e when a s t o c k f low o r s t e a m p r e s s u r e c o r r e c t i o n i s mad.? and whon i t i s 
f u J1 y corop I •••i t.e d . 
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6] Hardcopy reports 
The hardcopy report package provides complete Management info nation on 
key product characteristics, atachine efficiency, and production rates. 
Reports are generated at key intervals during a Mill's production schedule 
for timely, permanent production records. 

7) Video displays 
Colorgraphic video displays aid the Machine crew in improving paperMiking 
operations and product quality. Out of spec, conditions are coded in red 
for easy recognition of situations that need the immediate attention of an 
operator. Six other colors are used to organize the five standard compre-
hensive reports that are available for display. All information is pre
sented on the screen instantly at the push of a button. 

8) Product code file 
The product code file Module contains a set of specific information for 
each product including standards, specification limits, control parameters, 
operator information, and sensor setup data. Product code file nodule 
can store data for 100 products. Data is recalled from diskette memory. 

9) Diskette 
The diskette i s the storage medium for a l l system software programs that 
are not stored in the programmable read-only memory of the system's com
puters. Each diskette i s non-volati le and similar in s i ze and shape to 
a 45 r.p.m. record. 

10) Minicomputer 
The minicomputer is the main computing device in a distributed processing 
system that comprises a single minicomputer and as many Programmable Micro
computer Modules as required for the application. 

11) Programmable Microcomputer Module tPMM) 
The Programmable Microcomputer Module performs digital signal processing 
for sensor and process inputs, processes operator data entries, and im
plements control outputs to the process. It also can perform any repeti
tious, specialized functions required by the control systes. 
The PMM is part of a distributed processing system, that uses a Minicom
puter as its chief processor in a network of PMn's which handle the rou
tine process control operations and data collections. 

12; 0 Frame Scanner 
The 0 Fraae scanner provides in-line measurement of multiple process 
variables including weight, moisture. The scanner is capable of single 
point or scanning measurements. Heavy duty steel construction, precision 
Machined key ways and dowel pins, ensure accuratr Alignment of the scanner 
and sensors during operation. Individual sensors can be removed easily 
for off-Machine servicing. 
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13) Necessary Instruments 

A) Basis vei«fct control valve 2 sets 
B) Pressure controller for aoisture 1 set 

control 
C) Flow aeter at out let of Machine 2 sets 

chest 
Oi Pulp consistency controller 2 sets 
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5.8 FDIX TECHNICAL DESCRIPTION OF OPERATING CHARACTERISTICS 
OF SYSTEM 

The digital weight and moisture control feature is used to 
control the weight and moisture to reduce the long term 
variations. The weight term which is controlled can be 
bone dry, or basis weight. The system will compare 
measurements averages with operator selected targets to 
determine the required corrections. Weight corrections 
are made to the stock flow controller. Moisture correc
tions are made to the steam pressure controller. The 
changes of either variables would effect the other, 
decoupling or compensation changes are made to the other 
variable. 

WEIGHT 
CONTROLLER 

STOCK FLOW 
CONTROL 

I 
M S » WEIGHT 

TARGET 

WEIGHT A 
MOISTURE 

DECOUPLER I 
MOOEL 

PREDICTION 

BASIS WEIGHT 
AVERAGING 

MOISTURE , 
CONTROLLER t 

MOISTUREI-" 
AVERAGING 

MOISTURE 
TARGET 

•! STEAM 
PRESSURE 

ICCNTaoiLE* 

Figure 7 Basis Height and Moisture Control 

jS** 

SENSORS 



- U60 -

The system divides the sheet into control zones. At each 
zone boundary, weight and Moisture measurements are used 
to update the cross machine averages which are then used 
for control actions. The process of di\iding the sheet 
into control zone is termed Scan Independent Control. The 
adaptive gain control module automatically modifies the 
gain of the controller according to the size of the error. 
When the average is within certain limits of the target, a 
reduced gain is used; and when the average is outside these 
limits, a larger gain is used. So, the control method 
which will improve the target based on the product variations. 
The shift of the control setpoint based on the current size 
of the variations to conserve fiber and increase moisture 
close to the upper limit. 

Dry stock flow control uses consistency mearurements to 
maintain dry stock flow through the thick stock flow 
controller. The consistency measurement is processed to 
reduce the measurement noise and sense consistency changes. 
A correction signal is formed by the processing, and is 
output to the cascade stock flow controller. The use of 
this control will prevent upsets in basis weight and 
moisture before the sheet is formed. 

POLL DESCRIPTION OF INTERFACE MODIFICATIONS TO PLANT 

Fig. 8 shows a schematic diagram of necessary instruments. 
Main instruments consist of basis weight control valves, 
pressure controller for moisture control, flow meters at 
outlet of machine chest and pulp consistency controller. 

These instruments are shown in red. 

Sheet break detectors and speed sensor of machine speed are 
•not included because of cheap prices. 
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5-10 Conditions in relation to Installation 

The following items are not included in this estimation. 
(1) Modifications of the plant facilities. 

(2) Installation of equipment described in Section 5.3 

(3) Preparation of rails, frames and foundations for the 

installation of the equipment described in Section 5.3 

and scaffoldings for maintenance, check-ups, and opening 

/closing of shutter. 

(4) Power source 

Lead-in to a desired position 

( If this work is to be performed by manufacturer, lead-

in to a power distribution board or to the secondary side 

of a covered switch with fuses shall be performed by 

Bokaro Steel Plant.) 

(5) Wiring 

Connection works of special cables to be delivered,and 

control wiring ( including your preparation of materials ) 

(6) Cooling water 

"upply cooling water to each equipments. 

(7) Shelter 

If the equipment is installed outdoor, a simple shelter 

shall be provided to prevent the instrument from direct 

sunlight and rain. 

(8) Groundirg 

3rd class grounding independent from other equipment 

( grounding resistance 100 ohm or less ) 

(9) Finish 

Painting after installation. 
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(10) Unloading and carrying 

Unloading and carrying of the equipment to the 
installation site, 

(11) Cleaning 
Cleaning and disposal of waste materials at the 
installation site after completing the installation work. 
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6. Sub-Project Man and Budget, 

a. Sub-Project Plan 

This Cub-Project provides for i n s t a l l a t i o n and demonstration of a 
r.ucieonie system for basic weight anu moisture control for paper manufacture 
at the SL'L.71 Kraft. Paper Company, Ban Pong, Thailand. Training ir. basic nucleonics 
and applicat ions wil l also be carr ied out at industi-y f a c i l i t i e s in Japan in co
operation with the Japan Atomic Energy Fesearch I n s t i t u t e . 

Five three week integrated training-demonstration programnes are 
planned over the term of t h i s Sub-Project. A one week t r a in ing course in basic 
nucleonics and indus t r i a l appl icat ions will be provided in Japan, followed by 
a two week workshop-demonstration programme at the Si air. Kraft Paper Company. 
The workshop-demonstration programme wi l l provide "in p lan t" experience in the 
operation of the nuclconic control systems including technical and production 
f ac to r s , cost ana lys i s , and economic benefit assessments order actual plant 
manufacturing condit ions. Experts from Japan manufacturers of nucleonic control 
systems and from i t s paper industry will advise and consult with par t ic ipants 
during the worksnop-demonstration programme. Technical consultat ions with Regional 
paper indus t r ies wil l fellow where necessary. 

Agreement has been reached with ihe Siam Kraft Paper Company for 
jo in t sharing of the i n i t i a l cap i t a l investment in the nucleonic control system 
and for i t s purehpse at a negotiated depreciated value at the end of the Sub-
Project term. Kc addit ional equipment is required for the training-workshop 
demonstration programme. 

b . Sub-Project Budget 

Government Inputs : 

a. Provision of sa l a r i e s of counterpart sta.ff adequate to meet the requirements 
of the Sub-Project, in each country 

b . Co-ordinating with industry the provision or a l l physical f a c i l i t i e s r o r 
t ra in ing and workshop-demonstration programmes as we^l as required expert 

r. I rT/ide ' r ave l '-xp.-nsos within the count -v Car par t i ci rants , exner t s , and 
co.int.ry ' "intr-j-oarts 

d. C.-.-ordiirtt" with indur.tr;, coun'ry plans and scheduling of the t ra ininR-
.•: r'r ' : .r.-d'r. iv.'t r.-i' P n programmes. 

http://indur.tr
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Indus t ry Inpu t s 

a . Siam Kraft Paper Company $U68,110 

i . Nucleonic Cont ro l Systems $ lU,000 

i i . Local s u b s i s t a n c e for 20 p a r t i c i p a n t s $ 15,000 

i i i . Management of Demonstrat ion Programme (15 m/m) $ 15,000 

To ta l Es t imated Indus t ry I n ^ u t t 1 *97 , l l ' ; 

UNDP Input 

i. Basis weight and moisture control $2fi2,150 
Nucleonic gauge 

ii. Experts (6 m/m) $ U2,000 
iii. Group Training-Demonstration Activity (20 m/m) $ Ul,2Q0 

Total Estimated UNDP Input $365,350 
Total Estimated Sub-Project Cost $893,210 
Less Industry Investment -$U97,110 
Net Sub-Project Cost $396,100 
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7. Terms and Conditions 

The parties of this Project Document shall have the following 
responsibilities: 

A. The UNDP through the IAEA and the Chiif Technical Adviser (CTA) under the 
the Preparatory Assistance Project (PAP) 
1. Provides overall technical and management guidance for the Paper Demons

tration Project; 
2. Serves as the technical, management and financial interface between UIIDP, 

the Government of Thailand and the Siam Kraft Paper Company (SKPC); 
3. Serves as the CTA for the planned Large Scale Regional (RCA) Project for 

Asia and the Pacific on the Application of Isotopes and Radiation Tech
nology of which the Paper Demonstration Project using nucleonic control 
system is established as Sub-Project Ua; 

fc. Serves as a member of a Selection Panel, established by the Secretary 
General, Office of Atretic Shorty for Fence (?A£?), jcverr.!W:r.t of 
Thailand, for procurecient of a nuclrrr.i-r control system fcr use in the 
Paper Demonstration Project. 

5. Certifies to JA?A the adequacy cf the r.'jcIconic control systo* sele?1. ?i 
for th? Par,c-r Dor.cns: ration Suc-t'rcjfft to effect rnyKont by IAEA of the-
UNDP's contribution to the Paper itir.onstration Sub-Project. 

B. The Government of Thailand through the Secretary General, OAEP 

1. Serves as the Executing Government for the Paper Demonstration Sub-
Project with IOCHI management, responsibilities as follows 

2. Provides all administrative support, Iccally, for implementing «.nd carryinr; 
out the Paper Demonstration Sub-Project ov.r its term 1981 thrown 1?86. 
The functions and responsibilities rhnl.l specifically include: 
a. Making all local arrangements for receiving participants from RCA 

countries for the demonstration to be carried out at SKPC; 
b. Establishment of a Selection Panel for procurement of the nucleonic 

control system for use in the demonstrations at SKPC. The Selection 
Panel is to be composed of 1 Representative from IAEA, 2 Representatives 
from SKPC, and 2 Representatives from OAEP. The Secretary General, 
OAEP will serve as Chairman of the Selection Panel and • voting member. 

c. Serving as the financial management body between the IAEA, under 
the UHDP/PAP, the Government of Thailend, and the SKPC; 
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d. T i t l e t o the equipment, for the fu l l period of the Paper Demonstration 
Sub-Project 1981-1986 wi l l be vested in the Office of Atonic Rier^y 
for Peace, acting for and on behalf of the executing Government, 
by means of a separate l e t t e r from IAEA which wi l l also be the-
instruraent for payment of the UMDP chare of the actual system cost 
for the Paper Demonstration Sub-Project. In consideration of 
SKPC's direct financial investment in the systew, the use of i t s 
paper manufacturing plant at Ban Pong, Thailand, for demonstration 
purposes under the planned large scale UNDP Regional (RCA) Project 
for Asia and the Pacific on the Application of Isotopes and Radiation 
Technology and other financial contributions including the provision 
of room and board for RCA participants in the Sub-Project demons
tration programme the Government of Thailand should favourably 
consider fu l l t i t l e transfer to SKPC by 1 January 1987; 

e. Co-ordinating, as necessary, with the manufacturer selected to supply 
the nucleonic control system and the 3KPC; 

f. Co-ordinating for the IAEA with the Reional UNDP Office, as 
necessary. 

C. Siar: Kraft Paper Company- (TKi'C), tfcr.n;r-h i t s Gene: a.l Manner vho i s th:-
Chief Executive Ofricer, arrres to l\\c following condition!. Per the Pek-r 
Demonstration Project: 

1. UND? and SKPC wil l jo int ly finance ;.iic purchase of the nucIconic control 
system as determined by t.';v- Selection Panel to be ustalbished by the 
Secretary Genera] , OAEP; 

2 . In pursuance of item C.l . above SET agrees to pay 50 percent of the 
total purchase price for the nucleonic control system estimated to be 
approximately US$ 565,000, The actual purchase price wi l l be established 
at the time of the determination by the Selection Panel established 
pursuant to item B,2.b. above concerning the nucleonic control system; 

3. SKPC w i l l issue a l l f inuic ia l documents required for procurement of the 
nucleonic control system including l e t t e r s of credit (LC); 

k. All exemptions from duties and customs l e v i e s by the Government of 
Thailand for importing the nucleonic control system for use in the Paper 
Demonstration Project shall be the f u l l responsibi l i ty of SKPC. Wo 
financial resources contributed by UNDP shal l be used for th i s purpose; 

5. All costs for plant Modification w i l l be borne by GKPC, including 
instrumentation not defined as part of the nucleonic control system 
specified in t h i s document; 
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6. Title to the equipment, for the full period of the Paper Demonstration 
Sub-Project 1981-1986 will be vested in the Office of Atonic Energy 
for Peace, acting for and on v "half of the executing Government, by 
neans of a separate letter from IAEA which vill also be the instrument 
for payment of the UHDP share of the actual system cost for the Paper 
Demonstration Sub-Project. In consideration of SKPC's direct financial 
investment in the system, the use of its paper manfuacturing plant at 
Ban Pong, Thailand, for demonstration purposes under the planned larg? 
scale UHDP Regional (RCA) Project for Asia and the Pacific on the Appli
cation of Isotopes and Radiation Technology and other financial contri
butions including the provision of room and board for RCA participants 
in the Sub-Project demonstration programme the Government of Thailand 
should favourably consider full title transfer to SKPC by 1 January 1937; 

7. All maintenance of the nucleooic control system, the application of 
relevant health and safety measures and adherence to applicable 
national laws and regulations in the vise of thf- nucleonic control 
system will be the full and exclusive responsibility of 3KFC; 

8. SKPC will assume, upon coenissioning, all liabilities for damage to 
plant or persons arising from the installation and use of the nucleer.ic 
control system in its plant located at Pan Pontf, Thailand; 

9. SKPC specifically agrees to a 5 yenr Regional demonstration programme 
involving nationals from RCA coun'.rieo. The total nuwber of participant--, 
which may be accepted from RCA countries at any one tinw by SKPC is-
limited to a maximum of 10.Participants in the demonstration prograrjne 
will be given access to all technological information and data on 
economic benefits from ur,c of the nucleonic control syst.cn; 

10. SKPC agrees to provide food and lodging to RCA participants in the 
demonstration project at no charge; 

http://syst.cn
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Projec t Scht^uU-: ipSl-l ' /ST 

A. AnnoimcWKUi*. of Fi:i-ij 3iu<:< ra Con/, rencf-, iVinr!.ov., Thailand •(• Fe':r • ; .!? 

P.. Kinal Bidders CcsifV-n.-nce v't l'm~rx< ' /'. 

C. Ce lec t ion Ptmcl Meeting ?0 Karcv= 1 >:il 

D. Issuance o f Iroeuror.-.n' Order 30 April !'• 1 

E. Issuance o f Letter or Credit j0 April l^bl 

F. Equipment prccuremeiit. and r e c e i p t fcy fiKPC, Ban Ponr, .Thailand 30 April ]>:•!-
15 October 

G. Equipment I n s t a l l a t i o n and Coraroir.s ioriin.; 

M. Demonstrations 

I . F ina l Projec t Review and Evaluation 

15 October l'?r.l 
1 Decf.r.fcer I " 3 ! 

March 19?? , 19V*, 
198U, 19B>, 1986. 

15 December 19SS 
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20-2* OCTOBKH ]<?SO, BA1KKOK, THAILAND 

' -.t-r i c i p a n t s from the Si an Kraft Faper Co. L t d . , Pronphan Hl<i#., 637 /1 Ladprao Ed. 
. 0 . Box 9 - 5 3 , Emgkok-9, Thailand: 

.'fr. Vira Tantrap irt * 
ro jec t and Engineering Hana^er 

ir . Suphon Phoibir3n • 
KV*ctrical Sect ion Head 

> . Hontri Kaottmi • 
t<-,,.:it and Chemical Preparation 

iV'ftion Head 

I'r. Soraboon FtirH'insakorn * 
reduction Department Ihg ine -r 

M-. irasong Chariyaehoti lert * 
R *nd P Sect ion Head 

Mr. Harong Vongsompipatana • 
•ro,V-ct Planning Engineer 

Mr. fheardchai Apisitt ikasem • 
El*^c»rical Engineer 

Mr. • iyachai Napavan * 
]•• o.U'Ct. Planning find Technology 
M^no^er 

Mr. frasert fcmpaengkeo • 
Krudiu Technical Oo-ordinator 

Mr-. Anant.B Kuxpait.oon • 
h' n:;hu Technical Co-ordinator 

[•!.'. Y. Miyano* 
!! nshu Adviser 

Mr. Y-m'V »**• *• P»k****can a 
r nper ' i".iiliicr.ion Sect ion He=»1 

Mr. Vil-t.. Det>m«nof. • 
I n s t m n " i t Fngineer 

Mr. H. Hak&yama • 
Honshu Adviser 
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Mr. Heihachiro Nakayama* 
Project Engineer, International Division 
Honshu Paper Co., Ltd. 
12-8, Ginza 5-chome 
Chuo-ka, Tokyo 
10U, Japan 

Mr. Makoto Taniguchi* 
Senior Staff 
In ternat ional Division, Tionsnu Paper Co. Ltd. 
12-8 Ginza, 5-chome 
Chuo-ku, Tokyo 
10l4, Japan 

Mr. Chamnan r>ntornvat* 
General Man- r 
The Siam Kraic Paper Co., Ltd. 
Promphan Bldg., 637/1 Ladprao Road 
P.O. Box 9-53 
Bangkok-9, Thailand 

Mr. Chuichi Honma 
Senior Instrument Engineer 
Engineering Department, Honshu Paper Co., Ltd. 
12-8, Ginza, 5-chome 
Chuo-ku, Tokyo 
10U, Japan 

Mr. Soboru Fujita* 
Manager, International Divison 
Honshu Paper Co., Ltd. 
Japan 

Mr. E.E. Fowler 
Chief Technical Adviser 
UKDP Industrial Project 
IAEA, Vienna 
Austria 

ROTE: * Cost-free Experts 
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TECHNICAL, ECONOMIC AND COMMERCIAL ANALYSES 

SUB-PROJECT (»b 

NUCLEONIC CONTROL SYSTEMS FOR STEEL MANUFACTURE 
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AND THE KOURKELA STEEL PLANT, 18 OCTOBER 1980. 





r - kn -
INDEX 

Sub-Project l*(b) 

Nucleonic Control Systems for 

Steel industry 

Pages 
1. Summary Background Statement on Value of Nucleonic 1*79 

Control Systems 
2. Profile of Steel Industry in the RCA countries - U80-U81 

Result and Future 
3. Regional Benefits from UNDP Programme of Demons- 1*82-1*85 

tration on the Use of Nucleonic Control Systems for 
Steel Industry 

1*. UNDP Demonstration Programme at Bokaro Iron and Steel 1*86-501 
Works, Bokaro, India 
a. Technical Benefits 1*86-191 

i . High accuracy s t ee l sheet to lerance control l+8f>—^91 
i i . High r e l i a b i l i t y of control system U86-U91 
i i i . Fast response time for tolerance correction to U86—1*91 

specif icat ion 
b . Economic Benefits 1*91-501 

i . Increased product output 1*92-501 
i i . Increased volume of manufactured products per 1*92-501 

unit volume s t ee l stocks 
5. Supporting Documentation and Information 501-51** 

5 .1 . Schematic of the Bokaro Iron and Steel Operation 502-503 
5.2. Operating Character is t ics of the Nucleonic Gauge 50U-505 

System 
5.3. Principle of Thickness Sensing 5O6 
5.1*. Nucleonic (Gamma-ray) Thickness Gauge System 507 
5.5. Technical Specifications of the Nucleonis Thickness 503-512 

Gauge System 
5.6. Conditions in re la t ion to In s t a l l a t i on pi*-? 

6. Sub-Pro.1ect Plan and Budget. 515-51 
7. Project Schedule 517 
8. Terms and Conditions 518-519 

Attachment 1: List of Participants to the UNDP Preparatory 521-522 
Assistance Working Group Meetings, Bokaro Iron and Steel 
Works, Indian Steel Authority, 17 October 198O; Bourkala 
Steel Plant, 18 October 1980 
Annex 1: Project Schedule 523 
Annex 2: Details on Steel Industry in RCA Countries (Metal 525-581* 
Bulletin Book; 7th Edition, 1978) 





- 1*79 -

1. Summary Background statement, on value of Nucleonic Control Systems 

Industrial development plans of most developing countries include 
steel making as an important component. Depending on resources and infra
structure available, these vary from large complexes of integrated steel 
plants starting from ore and ending with finished steel (as in India, Pakistan, 
the Philippines, and the Republic of Korea) or just may bo confined to one 
or two of the final stage.-., like rolling, based on imported steel. 

Of the large number of complex operations in the steel industry, 
roll trip; mills (hot or cold strip) constitute an important stage in production. 
Thickness tolerances of rolled mild steel plates, sheet and strip are critical 
and are generally specified in each country. In old mills, hot rolling was 
done using either a gauge meter, automatic gauge control (AGC) systems or a 
manual control of the roll gap by an operator. In either case, the strip 
thickness was measured by a hand micrometer and the data used for the next 
rolling. 

In modern steel plants the use of nucleonie thickness gauges for hot 
rolling mills is considered essential. 

Nucleonic thickness gauges (e.g. thickness control AGC with y-ra> 
sources) have been used effectively in many advanced countries as a measuring 
and controlling device to give high accuracy, high reliability and high 
response and thus substantial technical and economic benefits for the steel 
industry. The transfer of this technology to developing countries of the 
RCA is considered most desirable. This Deponstration Project will enable the 
transfer of technology to RCA countries and thus help to modernize one important 
aspect of the steel industry. The demonstration plant will also gain 
technological merit on technology transfer and information and experience 
will be shared with other RCA countries. 

The Bokaro Steel Plant, India, was recommended by a four man 
IAEA expert mission, for the Demonstration Project. 
The production capacity of the hot steel rolling mill, on which the 
demonstration will be implemented is 750 tons/hour. Bokaro is the largest 
steel complex in India. The rolling mill is the right type and capacity 
of mill for such a demonstration. 



- VH> 

2. Profile of Iron and Steel Industry in RCA Countries: 

Most of the countries in the egion, except Australia and India, have 
very limited resources of iron ore, and depend therefore to a preat extent 
on imported raw material for their steel production. Both Australia and 
India are leading exporters of iron ore, Australia supplying about !c>'% of 
its exports for Japanese steel mills. Some of the developing countries in 
the Region have set up an important steel industry sich as India and the 
Republic of Korea. In others, plants are under construction in an advanced 
stage or being planned, as in Pakistan and the Philippines. 

All the developing countries have however, set up rolling millJ , 
small and large ones, and plan to expand this capacity in the next oecade. 
Most of the developing countries have also galvanising and tin plating plants 
of moderate to large capacity. 

Japan is undoubtedly the largest, steel producer in the Region ind aims 
to become the second largest in the world, having a production capacity of 
around 120 million tons. The Japanese steel industry is probably thevorld's most-
modern. It has the two largest steel complexes in the world: Nippon Kekan's 
Fukuyama Works (12 million metric tons/year) and Nippon Steel's Yawata 
Works (ll million metric tons/year). 

Australia has an annual capacity of about 9 million tons of steel, 
produced by the Broken Hill Pty.Co.Ltd.in its works at Port Kembla, Newcastle* 
Vhyaila, Georgetown, and Kwinana. Australia has a fully modernized integrated 
steel industry. 

India has an overall annual capacity of about 10 million tons; the 
Steel Authority of India, Ltd., the holding company for the k modern major 
'lovernment owned plants at Bokaro, Bhilai, Durgapur, and Rourkala, which has 
a capacity of about H million tons.* Some of these plants are undergoing 
major expansion to increase their capacity by another k to 5 million tons. 
At the same time, new projects for steel plants at Salem (in Tamilnadu) 
Vishakpatnam (in Andhra Pradesh), and a shore-based plant (in Orissa) are 
being planned to add another 5 to 7 million tons capacity in the next r; to 7 
years. 

The Kepuhli- of Korea has a rapidly expanding steel industry with 
its largest st"'::.'. ciipJex at Pohang. The Pohong Iron and Steel Co.Ltd. 
(T'OGCO) was bui!' initially in the mid-seventies with a production capacity 

*• The pri".'a+rv-"'-'tif> • ,'Ht!i. ' r n -'uri :'*eeL Co.(Y!;'C0) has an installed ••••.•,.r>. 
of 2 mi'l.i'~'T! ' •'ti • -iri'1 \vw new :':.!-.en ur a -i'ijor modernization vrnri'-m--'-. 
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of 2.6 mil l ion tons i s being rapidly expanded, aiming to a t t a in 8.5 mill ion 
tons in 1981. The hot s t r i p r o l l i n g mil l a t POSCO has a capacity of l . b mill ion 
tons/year . 

In Pakistan the Pakistan Steel Mills Core. (PASNIC) i s resT>onsable for 
se t t ing up the major in f ras t ruc ture for integrated s t ee l works and aims at 
having a production capacity of about 1.1 mill ion tons of ro l l ed s t e e l . The 
po ten t ia l for a second-stage expansion t o 2 million tons of s t ee l per year 
is also being bui l t in to the p lan t . 

Philippines has , as y e t , no integrated s t ee l plant but large quan t i t i e s 
of ro l led s t ee l are produced in the country. Thus National Steel Corp. 
(NSC) make cold ro l l ed sheets for galvanising and for appliances, cold rol led 
co i l s for drum-stock, ana hot ro l led sheets for hardware. The 1976 output 
of ro l led sheet and co i l was about 200,000 tons . Similarly the Elizalde Steel 
Consolidated Inc. has ro l l i ng mil ls with a capacity of over 200,000 tons . 
An integrated s t ee l complex i s being planned by the Commission for the 
Organisation and Construction of an integrated Steel Mill (C0CIS), a govern
ment inter-agency organisat ion, t o be set up at Tagoloan, Misamis Oriental 
with a crude s t ee l capacity of 1 mill ion tons/year . 

Singapore's National Iron and Steel Mills Ltd. (NTSM) has an annual 
capacity of 418,000 tons of raw s t ee l and of about i80,000 tons of rol led s t e e l . 

In Bangladesh the l a rges t s t e e l works are the Chittagong Stee l Mills 
Ltd. with an annual capacity of 250,00U tons of s t e e l ; the plant makes 
ingots , b i l l e t s , hot ro l led sheet and other products. There are several smaller 
ro l i i r . - mil ls in other s t e e l works in Bangladesh. 

The largest s t e e l works in Thailand i s the Siam Iron and Steel Co. T.tfl. 
(SISC0) with a capacity of 120,000 tons of raw s t ee l and 100,000 tons of 
ro l led s t e e l . Other p lan ts a lso make ro l led s tee l l ike the Bangkok Iron and 
Steel Works Ltd. (BlSw) with an annual capacity of 120,000 tons , the GS Steel 
Co.Ltd. with a capacity of iUO,000 t o n s , e t c . 

In Malaysia production i s mainly confined to manufacture of tubes , p ipes , 
and galvanised sheet 

The Ceylon Steel Corp, in Sri Lanka has ro l l i ng mil ls and a s tee l foundry. 
The capacity of the p lant i s about 100,000 tons of rol led s t e e l . 
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3. Regional Benefits 

The Heed for Increased Steel Production: 
Utilisation of steel is considered as one of the major indices of a 

country's economic progress. Japan being the most advanced country in the 
RCA Region can be considered as the goal to be attained for per capita 
consumption of steel. As has been seen already, Japan produces 100-120 million 
tons of steel annually and its domestic consumption is over TO million tons of 
steel. This would mean a per capita consumption of about 6̂ 0 kg of steel. 
If one takes the Case of India, which is the next, largest sieei producer 
in the Region with a production capacity of about 10 million tons of 
steel per year, the consumption is also nearly 10 million tons of steel 
per year. Accordingly, the per capita consumption would work out to be 
approximating 15 kg of steel. The picture in most of the other RCA countries 
is also similar. This shows that there is a considerable enlargement of steel 
production in developing countries in the RCA Region to attain a reasonable per 
capita consumption of steel. The increasing efforts being made in developing 
countries towards greater exploration and production of oil resources will in fact 
increase the demand for indigenous production of steel. Due to the sudden 
increase in international oil prices the developing countries are already 
facing adverse trade balances. This would mean cutting down on traditional 
imports wherever possible. The need to decrease imports of finished 
products as of steel and to use maximum local man power and resources to 
increase local production capacity is therefore of prime importance in these 
countries. 

Type of Production Facilities: 
It is a fact that most of the countries except India and Australia have 

very limited resources of iron ore and therefore these countries will have 
to depend to a very great extent on imported raw material for the steel pro
duction. Ja^an has shown that it is possible to sustain a large steel industry 
based on imported raw material. Due to the long lead time requirement 
and large capital investment involved it is not necessary that developing RCA 
countries install only integrated steel plants. However, in these countries one 
would expect integrated steel plants as well as scrap-based and/or sponge-
iron based steel-making furnaces and re-rolling mills. As many of the developing 
countries do not have adequate resources of coking coal, they would probably 
decide on the alternative route of using natural gas or non-coking coal for direct 
reduction of iron ore into sponge iron and base their steel making on sponge 
iron and scrap. Being the finishing stage, rolling mill becomes a must in all 



countries . What is therefore likely to be common in all countries, will 
be large and medi.im size rolling mills. 

Seed for Kucleonic Gauges: 

The rolling mixls envisaged will produce plates, sheets, structural rail, 
etc. as per the local needs. J.P. the case of plates and sheets, hot roll ig 
operations, followed by COJ.3 rolling operations, as well as tin pitting and 
galvanising lines are likely tc increase in number. In these lines the 
automatic gauge control (A(rC) would become a very valuafcle neip. The use
fulness of nucleonic gauges as sensors for automatic gauge control is well 
known in the developed world. As an example the number of nucleonic gauges 
used in one of the major Japanese steei manufactures is given in Table I. 
It may be noted that there are over 350 nucleonic gauges used in different 
facets of steel production by the company. Out of the 350 gauges, 1U9 
(u3>' are used for thickness control only (llT in rolling rail! for thick
ness control, 32 for control of coating thickness;. The vital importance 
cf uucleonic gauges in steel manufacture is therefore obvious. 

Special Problems anc Benefits: 

In Icveloting count-ies tlis irtroduction of advanced techniques, like 
nuclear techniques, for cstablishc-d industries pose several problem*. This 
ca?e hat been amply demonstrated in efforts of Indian scientists in in
troducing nuclear techniques in i Castries of high technology, especially 
the steel industry. As early as 196'J a special team of BABC scientists 
virvt'vd one of the major steel plants in India and explained to the 
^an^ensent the various benefits that will accrue to the steel industry by 
nuclear techniques. This visit was arranged after discussions at the highest 
level between the management of atonic energy and that of steel industry. 
Vh; resistance at middle, supervisory and working level in the steel industry 
has been overcome,after several year3, with the constant efforts of BARO 
scientists through an educational programme to inform olant staff on economic and 
technical benefits as well as safety aspects. The fear of radiation is often more 
prominent in such large plants where organised labour force is dominant. The 
introduction of these techniques is possible only after convincing plant Production 
management and operators of the economic benefits that such nuclear techniques 
give. It was only in the seventies that isotope laboratories were set ux> in the 
R and D departments in each of the major India steel plants. The case of Tata 
Iron and Steel Company is gratifying from the report of the four man IAEA ejroert 
team who visited the RCA countries. 
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i t i s therefore advantageous t o have the proposed Project a t Bokaro. 
The demonstration at Bokaro wi l l provide the following benef i t s for the 
Bokaro Steel Plant i t s e l f : 

1. Improved quality control 
2. Increase in production 
3. Decrease in raw material consumption 
k. Heduced power consumption 

Nuclear thicitness gauge will provide better accuracy, better reliability 
and hence better control over the quality of steel at the hot rolled strip 
mill of the steel plant. 

The possibility of reducing the set point for control of thickness 
would increase the quantity of steel sheet produrp* from the same amount 
of raw material. 

The demonstration of this application at Bokaro would considerably 
benefit RCA developing countries where steel rolling plants will be built 
in the next decade,in increasing numbers,especially in the Philippines, Indonesia, 
Thailand, Malaysia, and Pakistan. The introduction of nuclear thickness 
gauges wor>d catalyse the introduction of other nucleonic gauges and nuclear 
techniques in different facets of the iron and steel industry. 

Thickness gauge would also find application for measurement and control 
of coating thickness of tin. Since the benefits of such gauges are of 
equal economic value, they would result in large savings of non-ferrous 
raw material like tin and zinc which are often imported. 

Success of such nuclear installations would undoubtedly lead to other 
nuclear applications in the steel industries of the Region, such as re
fractory lining wear, monitoring in blast furnaces, coal ash monitoring in 
coal blending units and moisture control in sinter plants and blast furnaces, 
as these applications have been successfully demonstrated at the Tata Iron 
and Steel Company, Jamshedpur. 



Table I 

Quantity of installed instruments at Hippon Steel 
using radioisotopes 

Applica
tion 

Moisture 
Gauge 

Thickness 
Gauge 

Coating 
thickness 
Gauge 

Interlock 
of pusher 
for ccke 
oven 

Density 
Gauge 

2!? 

7.1 

Metal 
detec
tor 

18 

5.2 
i 

Level 
Gauge 

12 

3.U 

l. 

Gas 
chroma
tography 

6 

1.7 

Sulfur 
analyser 

5 

l.U 

Total 

350 

I'.O.O 

Quantity 100 117 32 

Interlock 
of pusher 
for ccke 
oven 

Density 
Gauge 

2!? 

7.1 

Metal 
detec
tor 

18 

5.2 
i 

Level 
Gauge 

12 

3.U 

l. 

Gas 
chroma
tography 

6 

1.7 

Sulfur 
analyser 

5 

l.U 

Total 

350 

I'.O.O % 30.9 33.U 9.2 7.7 

Density 
Gauge 

2!? 

7.1 

Metal 
detec
tor 

18 

5.2 
i 

Level 
Gauge 

12 

3.U 

l. 

Gas 
chroma
tography 

6 

1.7 

Sulfur 
analyser 

5 

l.U 

Total 

350 

I'.O.O 
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h. UNDP Demonstration programme at Bokaro Steel Plant, India 

U.l Technical and Economic benefits 

The hot strip thickness gauge which is installed after hot strip mill 
is used to minimize the hot strip thickness variation by measuring and 
controlling the thickness. 

The thickness tolerance of hot-rolled mild steel plates, sheets, and 
strips in Japan, are decided by Japanese Industrial Standards (JIS), 
shown on Table I, but these tolerance levels may be different between 
RCA countries. 

In order to roll hot strip within these tolerance levels, t n e hot 
strip thickness gauge,which is installed just after hot strip mill, is used as 
a measuring and controlling device. The gauge must have high accuracy, 
high reliability and high response. The hot strip thickness gauge is 
usually an x-ray or y-ray thickness gauge which can measure the 
thickness of high speed moving hot strip without contacting. Its output 
signals are used for automatic gauge control (Case I, Thickness Monitor AGC) 

Table I. Thickness tolerance of hot-rolled mild steel plates, sheets and 
strips (JISG 3131) 

Unit: mm 

^"^N^width (w) 

thickness (tT"~~--~ 
w <800 800 £ 

w<1000 
1000 4 
w<:i250 

1250 £ 
v^ l600 

i6oo£ 
w^2000 

1.006t<c:i.25 - O.lU - 0.1U - 0.15 - 0.16 

1.25^t«£1.60 t 0.15 - 0.15 - 0.16 - 0.17 

1.60*»t<£2.00 - 0.17 * 0 . l8 - 0.19 - u.20 - 0.21 

2.00^t<£2.50 - 0.20 - 0.21 - 0.22 - 0.23 - 0.25 

2.50*it<S.3.l5 - 0.23 - 0.2l> - 0.25 - 0.27 - 0.30 

3.15*it^l*.00 - 0.26 - 0.27 - 0.28 - 0.31 - 0.35 
l*.00*t<£5.00 - 0.29 - u.30 - 0.32 - u.35 - o.Uo 
5 . 0 0 6 t < b . 0 0 - 0.32 - 0.33 - 0.36 - O.lfO - 0.1*5 

6.00mBt<£8.00 * u.U5 t 0.1*5 i 0.1*5 - u.50 - 0.55 
b\00mfct<13.00 - u.55 - 0.55 - 0.55 * o.6o - 0.65 
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In modern steel plants hot rolline production control cannot be achieved without 
the use of the nucleonic gauge. In the past hot rollon* was done with
out measuring the thickness and there vere two methods of rolling I Case II,III). 

The first method (Case II) is automatic control by a Gauge Meter AGC 
which controls the roll gap with calculation resulting from the roll gap w'-.er 
and the load cell. Another method I Case III) is manual control of the roxl 
gap by an operator depending on his skill. In esses II, III, the 
strip thickness was measured by hand micrometer at the strip edge, bottom 
end, after the strip has been rolled. Then thickness data were used for the 
next rolline. 

To summarize, there are three cases of rolling. 

Case I: Thickness Monitor AGC 
with x-ray or y-ray thickness gauge 

Case II: Gauge Meter AGC 
without x-ray or y-ray thickness gauge 

Case III: Manual Operation 
without x-ray or y-ray thickness gauge 

In addition to the explanation of Case II, the Gauge Meter AGC controls 
the roll gap according to Figure 1, but M (will Modulus) always changes 
under various rolling conditions, so it cannot control the strip thickness 
more accurately than Thickness Monitor AGC iFig. l;. 

F t = S + « Eq. 1 

t: Strip thickness 
S: Koll gap 
F: Holling force 
M: Mill modulus 
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A6C out put 

Other stand AGC 

t=L_ 

SD: Screw down 
SR: Speed Regulator 

Hot strip 

FIG.1. Skematrc iJiagum of THICKNESS MONITOR AGC 

When comparing the thickness accuracy between Case I , I I , I I I , i t wil l 
be evident t ha t Case I i s most accurate and le3s accurate in Case I I and I I I , 
as shown in F ig . 2 . 
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A comparison cf Cases T with TT and ITT more accurate hot st.rin 
thickness will he gained and much more st.i-ir> nroiucts T>rodwe<3 vit.Mn 
to le rance . 

THICKNESS MONITOR AGC (CASE 1) 

Accurate gauge 

Poor gauge 

CMUGE METER AGC (CASE H) 

MANUAL OPERATION (CASE HI) 

Strip thickness 
variation 

Lower limit of tolerance Upper limit of tolerance 

Aimed thickness 

FIG.2. Thickness wariHiii-ri. CASE I, II . III. 

In addition tc Case I , i f one compares high-accuracy thickness gauge with a 
low-accuracy «;auge under the same AGC system, we can manufacture the hot 
s t r i p nearer t:> the lower tolerance l imit and therefore we can gain more 
length of hct. s t r i p by using the high accuracy gauge, as shown in Fig, 2, 

For tho UNDP Demonstration Project for s t e e l , a study of the t h i c k 
ness control system of the hot s t r i p mill of Bokaro Steel was done in 
October 19W. This hot s t r i p mill uses Thickness Monitor AGC (Case I ) 
by a x-ray gauge and analog AGC. There a r e , however, serious disadvantages 
about the y-ray gauge: the short l i f e of x-ray tubes , lone down time, 
and high co»t of replacement of tubes . 
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The Demonstration i roject recommended, proposes to i n s t a l l the 
VT-ray gauge and to es tabl ish the resu l t ing economic benef i t s . The new y-r?w 

thickness gauge proposed would be a d i g i t a l thickness paupe composed of 
13Y Cs, s c i n t i l l a t i o n counter and micro computer. Therefore higher accur-icy 
and r e l i a b i l i t y would be expected over the present x-ray system at Boknr> 
Hot S t r ip Mi l l , as shown in Fip. 3. 

An estimate of the economic beneftis a t Bokaro Steel has oeen done 
based on the differences in accuracy and r e l i a b i l i t y (Case l ) . 

Strip thickness 

Present X ray 
New Y ray 

HI;,. ' . • " • i ' new ") my . I IHI fjursi-nr X i,iy in B O K A R O 

There f i re two method o f hot r o l l i n * : / • » ' •••\' f> ••• use o f ' ', ••• nun], 

(Case H , l i i ; n • m->nt. i> :: ! i nbove. An - M i r •:' ••••;•.< mi" I- ' . " f i t ; ; (r. 

been m«d>. t •:>-.-•'. .< "•. Mi" >a!';" -r> w'.<' /' •':•. *•'> • ' t. •: •• ' in •••; 

I I and I I I . 
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The results of the estimate are based on reasonable data from Bokaro 
Steel or experimental data in Japan. The estimates of economic benefits 
were done separately under Case 1, II, III. 

case I Economic benefits obtainable by use of new v- -ray Thickness 
Monitor AGC instead of present x-ray Thickness Monitor AGC 
at Bokaro Steel. 

Case II Economic benefits obtainable by use of y -rt«y Thickness 
Monitor AGC ii.stead of Gauge Monitor AGC without thickness 
gauge. 

Case III Economic benefits obtainable by use of Thickness Monitoi AGC 
instead of Manual Operation without thickness gauge. 

k.2. Estimation of Economic Benefit 

The following economic benefits are estimated for Cases I, II, and III, 
snown in Table 2. 

Economic benefits due to: 
1. reduction of thickness variation 
2. reduction of maintenance 
3. increase of production because of down time reduction 
U. reduction of labour 

Table 2 Condition of Estimation 

"-*-̂ _̂ ^ 1 former equipment I new equipment ! 

Case I AGC and x-ray 
gauge (a'hickness 
Monitor AGC) 

AGC and y-ray 
gauge (Thickness 
Monitor AGC; 

Case II 
i 
I 

1 
* — 

AGC and Microme
ter (Gauge Meter 
AGC) 

AGC and y-ray 
gauge (Thickness 
Monitor AGC; 

Case i l l 
i 
i 1 
I 

Manual Operation 
and Micrometer 

AGC and y-ray 
gauge (Thickness 
Monitor AGC; 
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U.2.1 Expression of Estimation 

(lj Economic benefit due to reduction of thickness variation of products. 

The new equipment can make thickness variation smaller than the former one 
did, because the y-ray thickness gauge has higher accuracy. Reduction of thick
ness variation of products, except hot strip for cold mill, brings two 
economic benefits. One is the increase of the output of products within 
thickness tolerance, the price of which is higher than that out of thick
ness tolerance. Another benefit is the increase of the total length of sheets 
of products using the same volume of slab. 

Economic benefit (e, )can be estimated by the following equation. 

E l = Ell + K 1 2 Eq. 2 

K = A x P x cL 

E = A x P x 21*£> 
E i 2 Kd x - x : 

where E : increase of product within thickness tolerance 

E •• increase of total product length 

A : Difference in price between products within thickness tolerance and 
out of thickness tolerance *"$ /ton] 

k-. Price of hot strip products |$ /ton) 

P: Production mass except for cold mill [ton/yearj 
t: Mean thickness of products [mm] 

oL- Rate increase of product output within thickness 
tolerance by reduction of thickness variation 

3U0 1): Keduction of thickness variation [mmj 

As shown in Fig. h (a.) ,(\>), &<Tcan be expressed as follows 

3(t<3) = 3tf - 30, for 3(5 ^ at (in Case IJ 

&t - 30L for 3d > at (in Cases 11, ill) 

where: £t: Thickness tolerance 
3(J: Thickness variation in the former equipment 
3(1: Thickness variation in the new equipment 
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FIG.4.(a) 3 A * .it 

t: mean thickness of products 
At: thickness tolerance 
3tf: thickness variation in the former equipment 
3(JL: thickness variation in the new equipment 

3(A0): reduction of mean thickness 

3A<5* 30^ - id 
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FIG 4 (b) 3A>At 

t: mean thickness of products 
&t: thickness tolerance 
36: thickness variation in the former equipment 
3'%: thickness variation in the new equipment 

3taCT): reduction of mean thickness 
oC: increase of product rate within thickness tolerance by reduction of 

thickness variation 
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{z) Economic benefi t due t o reduction of maintenance 

The f -ray thickness gauge has a higher r e l i a b i l i t y and maintenabil i ty in 
comparison to the former x-ray thickness gauge and the y-ray source need not be 
replaced during the normal equipment l i f e where the x-ray tube must be replaced at 
6 month i n t e r v a l s . 

In Case I t he new equipment reduces the number of plant shut-downs, down time 
and dai ly maintenance and i t makes maintenance cost lower. Economic benefi ts (E ) 
is an estimation only of maintenance cost, reduction of the x-ray tube. 

E 2 = B x C Eq. 3 

where: 
B: Number of shut-downs caused by x-ray tube fault in the former 

equipment [time/year] 
C: Kepair cost of x-ray tube in the former equipment 

[$ / time] 

(3) Economic benefi ts due to increase of production mass because of down-time 
reduction 

In case I reduction of down-time caused by x-ray tube fault increases 
production mass. The new equipment has no down-time caused by y-ray source 
and therefore economic benefits (lO can be estimated as follows: 

K_ = D x B x G x iy/365 Eq. k 

where 
D 

PIT 
B 

Profit 
Whole production mass 
Number of downs caused by x-ray tube fault in the 
former equipment 
Down-time in the former equipment 

L$ / ton] 
[ton/year] 

[number/yearj 
[day] 

[k) Economic benefits due to reduction of labour 

In case II and III the former equipment needs men to measure the thickness 
by hand micrometer. The new equipment does not need them; therefore economic 
benefits (a.) can be expressed by the following equation: 
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E u = M x N Eq. 5 

where 
M: Personnel expenses ,$ / manj 
N: Number of persons required jman ! 

1+.2.2 Result of Economic Benefit Estimation 

Four economic benefits are estimated according to Equations 2-5 at 
Cases I, II, and III. 
11) Assumption in estimation 

Estimation is based on the following assumptions: 
i ) mean thickness and width of product 

thickness h ! major product size 
width 1 J in Japan 

ii} production mass in Case I 
MT production of Bokaro steel (based on U J 

iiij production mass in Cases II, III 
1UO,000 ton/month 

vi ) Nutober of shut-downs and down-time caused by x-ray tube faul t 
twice/ year and one day 

v ; Others 
typical value in Japan 

Each value of conditions is shown in Table 5. 

12) Estimation of thickness variation 
Thickness variation of the thickness monitor AGC is estimated as follows: 

3'5-V(3tfo)* • {S&g)* **• b 

where 
3(5°: accuracy of complete AGC [mmJ 
30g: accuracy of thickness gauge [mm J 

Experiments have shown that X>° i s °- 2 m m- * n Case I, therefore, 
thickness variation of the former equipment (3 ) is estimated to be 0.201+ mm 
as shown in the follwing calculation: 
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3C=V{0 .2) Z ^(CO^f)1 = 0.2C^ mm 

wnere 
O.'jU mm is accuracy of x-ray thickness gfiuge at U ram. 
Tn the same way thickness var ia t ion of the new equipment H(TT^ i s 

estimated to be O.'̂ Ol mm. 

3 ^ ^ ^ ^ ( O . O n ) 1 = 0.*01 mm 

where 
,-, mm . 0.023 is accuracy of jr-ray thickness gauge at •* ram. 

Thickness var ia t ion of gauge meter AGC and Manual operation are exper i 
mentally estimated to be 0.36 ' * and 0.60 respect ively . 

Table 3 and Fig. i> show the thickness var ia t ion in Cases I , I I , and I I I . 

Table 3 Thickness Variation 

• - . . . 

Thickness Variation 1 
i 
i 

• - . . . i 
; former equipment new equipment i 

Case I 0.20U mm 
1 
i 

-ray 1 1 
| 
t - - f 

Case II O.36 mm 0.201 mm i 
i i 1 

Case ill 0.60 mm 
1 
1 
( 
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4 mm 

Thickness Monitor 
AGC (Case I) Xray 

Thickness Monitor AGC 
Yray 

GAUGE METER AGC (CASE H) 

MANUALOPERATION (CASE IE) 

thickness variation in the former equipment 

thickness variation in the new equipment 

FIG.S. Thickness Variation 
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(3) Result of economic benefit estimation: Table h shows the result of 
economic benefits estimated according to Equations 2-> on the above 
conditions. 

Table U * Economic benefits of Cases I,II,III (Summary) 

Economic Benefits Case I Case II Case III 

Reduction of thickness 
variation IE,j Un6,000 7,3 M lU,U M 

Reduction of Maintenance 
(E.,) 23,u00 

^r 
Increase of Production 

(E 3 ; 

3UO,3O0 

Reduction of Labour 73,600 73,600 

-V 
Total 809,300 7,373,600 <lU,l»T3,600 , 

Unit: US$ 
*) Kef. Table b for de ta i led calculat ions 

In Case I Bokaro wi l l adopt 
y - r a y thickness gauge instead of x-ray for thickness monitor AGC, wi l l lead 
t o an economic benefi t of US$ 609,300 

in Case I I economic benefit of US$7.373.600 i 3 expected and in Case i l l 
US$lU,U73,600. 
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Table 5 Conditions of Estimation 

Case I jCase II 
l 
i 

Case III 

Proauction except for cold mill 
[ton/y ear . 1 « 

Whole Production 
•ton/year! 

Mean thickness of products 
I nun1 

Thickness tolerance 

Thickness variation 
Lmmj 

1,5*0,000 ; fc>00,000 600,000 

3,360,000 1,200,000 1,200,000 

1* ! 

U.3* 0 .3* 

0.*0l> ; 0.360 ! 

Difference in price between 
products within tolerance 
and out of tolerance 

[$/ton ; 

Price 
f$/ton~ 

Profit 
(85,000 x 0.05) [$/ton 

Number of downs 

Down-time 

Rime/yearj 

[day/time] 

Repair cost 
(x-ray tube, tank) 

[day/timej 

1 . 1 U 9 

3,908 

18,U 

1,1U9 

3,908 

18.U 

0.32 

0.600 

3,908 

18,U 

11,J»9>» 

Thickness variation in the 
new equipment 

[mmj 0.202 at , nun 

accuracy of y-ray 'jnmj 

accuracy of x-ray [j™! 
accuracy of complete AGC 

[ran] 

0.030 j at 

0.0U0 at 

I 
0.20 ! at 

, mm 

1.mm 

1 mm 
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Table 6 Calculation of Economic Benefits 1 
P 

A, 

ton/year 

!J>/ton 

A i $/ton 

E, 

t ' 
i 

At . 

3C | 

3(Atf)| 

mm 

mm 

mm 

former equipment 
new equipment Case I I 

0.201 

E. I I Wyear 
I 

iK12 I * / y e a r 

i El $/year 
1 

B I time/year 

C ' $/time 

Case I I I 

600,000 

1,150 

3,900 

bOO.OOO 

1,150 

3,900 

h U 

0.32 0.32 

0.361 O.bOO 

0.005 0.107 

0.119 0.119 

3M*,8oo 7,379,300 

UU5.500 6,975,900 J 6,975,900 

Ul»5,500 1U,355,100 

11,500 

-t-T E0 ' $/year 
2 \ „4—-

23,000 

1 
PIT ton/year 3,360,000 \ i 

\ ! 
E 3 D $/ton 18 

£ No/year 0 2 

G day 1 
\ 

\ 

! E 3 
$/year 338,600 1 "1 \ 

E u M $/year 18,1*00 18,U00 

N man 0 k It , 

h $/year 73,600 73,600 

1 Tot al $/year 1,269,168 lU ,738,1*50 28,807,350 
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5. Supporting Documentation and Information 
5.1 Schematic of the Total Plant Operation 

The schematic of the plant (Bokaro Steel Plant) operation is shown 
in Pig. 5.1- The brief plant operation is derived from this 
schematic. 
The schematic in Fig.5.1 also includes the rough schematic of the 
nucleonic control and sensing system and the location of the system. 
The details of the automatic strip thickness control on the hot 
strip mill are indicated in Fig.5.2. 
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PRODUCTION FLOW 
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G/C: Gauge Controller Operation 
CPU: Microcomputer TJnit 
M/C; Hill Controller (existing) 

Pig.5.1 Kucleonic Control System placement in plant 
(8oka.ro Steel Plant) 

http://8oka.ro
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t>.? Operating Character is t ics of the Nucleonic Gauge system 

Nucleomc thickness gauges are based on the pr inc ip le th.it gamma-rays 
emitted from radioisotopes are attenuated while passing through a 
specimen at a ra te which i s determined as a function of the in tens i ty 
of the gamma-ray and the thickness of the sample ishown Fig. 5-3.) 

Americum-^Ul and Caeeium-13? are used as a gamma-ray source for the 
thickness gauge. Americium-2Ul emits rays having an energy level of 
0.0b MeV and i s used as a source of lew thickness measurement of s t e e l 
s t r i p . However, i t i s impractical for the measurement of hot s t r i p s , 
because the passing space shown in Fig. 5 .3 . cannot be made large enough 
t o avoid damage of the de tec tor from the high temperature radiant 
hea t . Caeeium-137 emits rays having an energy level 0.6b MeV and i s used 
as a source of heavy thickness emasurement of hot p l a t e s . 

R e l i a b i l i t y of the nucleonic gauge i s affected by heat mostly. 
In conclusion, for the measurement of hot s t r i p s , i t i s des i rable to choose 
a source having higher energy and keep an optimized passing space. 

The schematic of the gamma-ray thickness gauge system is shown in 
Fig. 5.4. This system has the operating cha rac t e r i s t i c s as follows: 

1 . C-frame detector is controled both manually and remotely. 
2 . Drif t of zero point i s corrected automatically. 
3 . System conditions are self-checked and displayed on the CRT. 
U. Compensations of thickness s ignals are performed automatically. 
5 . Cal ibrat ions are performed automatically. 

http://th.it


Automatic strip 
thickness control 
system with indirect 
thickness changing) 
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Fig. 5.2 Automatic Strip Thickness Control System 
on the Hot 3trip Kill 
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Fig. 5.3 Principle of Thickness Sensing 
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-5- Technical Specifications of the tfucleonic Thickness Gauge system 

1. Specifications t o be measured (at Bokaro Steel Plant) 

1) Materials t o be measured: Hot rol led s t r i p of a i ld s t e e l 

2) Thickness range: 1.2 to 12 ma 

3) Str ip width: 1000 t o 1850 cun 

4) m i l b a r r e l : 2000 mm 

5) Rolling t ime: 80 sec . 

6) Total length: Approx. 500 to 600 m e t e r 

7)3tr ip temperature: 950 to 1Q50°C 

2. Environmental conditions 

Environmental conditions of installation place of the C-frane 
detector oust normally be of temperature under 50°C, provided 
that it allows to receive high temperature radiant heat up to 
250°C caused by the steel strip. 
Snvironmental conditions in temperature for installation place 
for the power supply unit, controller units, microcomputer unit 
operation desk must be of degree 0 to 40°C. 

3. Gamma-ray thickness gauge system 
Composing units are as follows. 
(1) C-frame (place of installation: local site) 

C-frane works by the motor contained in the frame, and moves 
within a stroke of approx. 3000 mm on its wheel. 

(2) Gamma-ray detector ( ditto ) 
Detector ie mounted on the C-frame, contained in a 
scintillation counter. 

(3) Radioactive source ( ditto ) 
Caesium-137 (capacity: approx. 10 Ci) is used, contained in 
a shielding container to keep its leak dose within 0.1 mR/h 
at a place of one meter distance, while its container's 
shutter is closed. 

1 
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(4) Strip temperature detector ( ditto ) 
Pyrometer having measuring range 600 to 1200°C is mounted 
on the C-frame, and provides signals of the strip temperature 
and presence. 

(5) Cooling system ( ditto ) 
In order to keep the C-frame and detector from radiant heat 
caused by heated strips, a cooling jacket is combined with 
the C-frame, so that the frame and detector are always kept 

(6) Air purging system ( ditto ) 
In order to avoid errors in measuring to be caused by scales 
sticked to the window of ganraa-ray beam, the air purger is 
coobined to blow out sticked scales. 

(7) Local operation panel ( ditto ) 
Operation panel is accompanied with frame operation switches, 
shutter operation and signalling switches of the source | 
container and lamps. 

(8) Local controlling unit (place of installation: room of 
local site) 
Unit contains motor driven controller and amplifier unit 
of the pyrometer. 

(9) Power supply unit ( ditto ) 
Step-down transformer and automatic voltage regulator are 
installed in this unit, and supply the power with each 
units 

(10) Gauge controller unit (place of installation: control room) 
Gamma-ray detector mounted on the C-frame is controled with 
this unit, and its output signals are inherited. 
Unit contains high voltage power supply unit, temperature 
controller, signal conditioner, monitor unit in order to 
check the motion of the detector and DC power supply unit. 
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(11) Microcomputer unit (place of installation: control room) 
Unit performs data processing, auto-zero correction and 
self checking of the system conditions and announcing. 
Sampling from the gamma-ray gauge pulse signals showing 
thickness of strips to be measured, converting them into 
thickness signals by calculating into average value, 
calculating the signals to automatically compensate by 
thickness signals and density signals derived from 
temperature signals dispatched from the pyrometer and thus, 
deviated thickness is shown in the analog indicator nounted 
operation desk, and its analog signals arc put out to the 
mill controller. 

(12) Operation desk ( ditto ) 
Operation desk is accompanied with a thickness deviation 
indicator (analog meter), setting switches of the kind of 
steel, thickness, temparature of the strip, saopling time 
and absorption coefficient and operation mode selector 
switches for the measurement and calibration. 
On the other hand, these setting and operating conditions 
are displayed on the CRT mounted on this desk. 

(13) Tape-reader and Data-typewriter 
These supporting devices are combined with microcomputer 
unit. 



- 511 -

4. Specifications of gamaa-ray thicknesa gaupe 
(1) Radioactive source 

1) HI and capacity: 
2) Rr.y leakage amount: 

(2; Gamma-ray detector: 
(3) Temperature detector 

1) Type: 
2) Measuring range: 

3aecium-137; epprox 10 Ci 
Leas than 0.1 oR/h at the location 
1 m apart from the exterior surface 
of shield container. 
Scintillation counter 

Pyremeter 
600 to 1200CC 

(4) C-Ffame 
1) Type; Wotor driven type 
2) Passing space distance: 
• * ^ Throat depth: 

Approx. 1000 ma (more than 750 am) 
Approx. 15C0 tc 20C0 n 

(5) fTes.suring range 
1) Thickness range: 
2} Thickness setting: 

1 to 20 ma 
4 digit digite.1 switch, minimus 
unit is micron meter (1.000 to 19.99) 

(6) Sampling time (Response) 
1) Standard time: 

Sampling time setting: 2} 
0.2 sec. 
0.1 to 1.9 sec, selectable at 
9.1 sec. pitch 

(7) Accuracy 
1} Thickness setting error: 
2) Statistical error (Noise) 

tlO urn 
On conditions i 0.2 sec.sampling 
time and 90* reliability 
Thickness Error (approx.) 
1 ma t 16 um 
5 ma ± 18 un 
10 ma t 21 un 
20 mm ± 28 um 

3) Drift: Less than * 10 ym/2b 
However, drift over long period can 
be ignored because the reference data 
are measured and calibrated for each 
path. 
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4) Expected over all accuracy: Over all accuracy is quoted 
from ±y (setting error) + 
(noise)2 • (drift)2 

Thickness Accuracy (approx 
1 mm ± 22 urn 
5 mm ± 23 um 
10 mm ± 26 um 
20 mm ± 32 um 

5) Error due to pass line variation: Less than Q.lf° of 
measured thickness at a 
variation of ± 100 nm. 

5. Specifications of utility 
(1) Power supply: AC 220V ± 10#, 50Hz ± 0.5Hz, 1 phase, 5kVA 
(2) Water supply: Clean water 

Temperature; less than 30°c 
Quantity; approx. 2.5 ton/h 
Pressure; 1 to 2 kg/cm20 

(3) Air supply: Quantity; approx. 10 KmVh . 
Pressure; 3 to 5 kg/cn2G 
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5.t>. Conditions in relation to Installation 

The following items are not included in this estimation. 
(1) Modifications of the plant facilities. 
(2) Installation of equipment described in Section 5.3 
(3) Preparation of rails, frames and foundations for the 

installation of the equipment described in Section 5.3 
and scaffoldings for maintenance, check-ups, and opening 
/closing of shutter. 

(4) Power source 
Lead-in to a desired position 
( If this work is to be performed by manufacturer, lead-
in to a power distribution board or to the secondary side 
of a covered switch with fuses shall be performed by 
Bokaro Steel Plant.) 

(5) Wiring 
Connection works of special cables to be delivered,and 
control wiring ( including your preparation of materials 

(6) Cooling water 
Supply cooling water to each equipments. 

(7) Shelter 
If the equipment is installed outdoor, a sin-Die shelter 
shall be provided to prevent the instrument from direct 
sunlight and rain. 

(8) Grounding 
3rd class grounding independent from other equipment 
( grounding resistance 100 ohm or less ) 

(9) Finish 
Painting after installation. 
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(10) Unloading and carrying 
Unloading and carrying of the equipment to the 
installation site. 

(11) Cleaning 
Cleaning and disposal of waste materials at the 
installation site after completing the installation work. 
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6. Sub-Project Plan ana Budget 

a. Sub-Project Plan 

This Sub-Project provides for installation and demonstration of a 
nucleonic system for control of thickness of hot rolled steel plate at the 
Bokaro Steel Plant, and for training in basic nucleonics and applications 
at industry facilities in Japan. The latter activity will be carried out 
in co-operation with the Government of Japan. 

A three week integrated training-demonstration programme will be 
provided five times over the term of this Sub-Project. A one week training 
course in basic nucleonics and industrial applications will be held in Japan, 
followed by a two week workshop-demonstration programme at the Bokaro Steel 
Plant in India. The workshop-demonstration programme will provide "in plant" 
experience in the operation of the nucleonic control system, definition of 
technical and production factors as well as cost analysis and economic 
benefit assessments under actual plant manufacturing conditions. Experts 
from manufactures of nucleonic control systems and from the steel industry in 
Japan will advise and consult with participants during the workshop-demonstration 
programme. Technical consultation with Regional steel industries will follow 
where necessary. 

Agreement in principle has been reached with the Bokaro Steel Plant 
fo • purchase of the nucleonic system at a negotiated depreciated value at the 
end of the Sub-Project term. Negotiations are continuing for joint sharing of the 
initial capital investment of the system. No additional equipment is required 
for the training-workshop demonstration programme. 

b. Sub-Project Budget 

Government Inputs: 

a. Provision of salaries of counterpart staff adequate to meet the requirements 
of the Sub-Project in each country 

b. Co-ordinating with industry the provision of all physical facilities for 
training and workshop-demonstration programmes as well as required expert 
services. 

c. Provide travel expenses within the country for participants, experts and 
country counterparts 

d. Co-ordinate with local industry country plans and scheduling of the training-
workshop-demonstration programmes. 

Total Estimated Government Inputs $ 30,750 



- 516 -

I n d u s t r y I n p u t s : 

a . Bokaro I ron and S t e e l Works 

i . Nucleonic System f o r Thickness Control ^ J O O ' J B 

i i . Local s u b s i s t e n c e fo r 20 p a r t i c i p a n t s $ IU,000 

To ta l E s t i m a t e ! I n d u s t r y Input $UUU, 358 

UNDP Input : 

a . Nucleonic Contro l System fo r Thickness Control $?6l ,327 

of S t ee l p l a t e 

b . Experts (U m/m) $ 2 9 1 0 0 

c . Group Tra in ing and Demonstrat ion a c t i v i t y (15 m/m) $ 30,900 

T o t a l Es t imated UNDP Input $821,327 

T o t a l Es t imated Sub-Pro jec t Cost $8^9,577 

Less I n d u s t r y Investment -$MU,358 

Net Sub-Pro,1ect Cost $1*05 ,219 
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7- Project Schedule: 

Detail project schedule is given in the bar chart (Annex l). The 
main activities under the project wili be as follows: 

1. installation and commissioning of the system June-Dec. 1982 
2. initial demonstration course Sept. 1902 
3. Mia term review Nov. 1983 
h. Second demonstration course Nov. 19oU 
5. Final review Sept. iy85 

Details regarding the demonstration course will be as follows: 
The demonstration course of two or three weeks duration may consist of: 
- Visit to the nucleonic system manufacturer's plant for intensive 
instruction on the principle, design and safety aspects of the 
gauges (5 days) 

- visit to Bhabha Atomic Research Centre, Bombay for an overview of radio
isotope applications in industry (including steel) and for discussions 
on the technical, economic, and safety aspects of such applications 
(2 or 3 days) 

- Visit to Bokaro Steel Plant to study the working of the nucleonic 
system in the hot roll mill with specific reference to installation 
requirements, gauge performance, sensitivity product quality assurance 
and savings in raw materials. 

This visit will also include lectures by a nucleonic system expert 
on all gauging applications in steel industry (l week). 
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8. Proposed Terms and Conditions 

a. UNDP and Bokaro Steel Plant (BSP) jointly financing purchase of nucleonic 
control systems including instrumentation, for which BSP agrees to pay 
financial cost up to 50j of the total (To be negotiated before Sub-Project 
start-up). Purchase price for nucleonics unit estimated at US$?6l,327. 

b. All cost for plant modification to be borne by B3P. 
c. Training (to include k persons) will be provided within the cost of the 

nucleonic control systems. 

d. The Government of India through the Bhabha Atomic Research Centre will, upon 
authority given by the International Atomic Energy Agency, serve as the local 
management Group for this Project. 

e. Because of the joint investment for the nucleonic control systems title to 
the euqipment will be invested in the two parties within the framework 
of a legal agreement to be arrived at upon final approval by UNDP of the 
Project. 

f. All maintenance of nucleonic control systems, health and safety measures 
and meeting with all national laws and regulations for the use of the nucleonio 
control systems will be the full responsibility of BSP. 

g. BSP will assume, upon commissioning, all liabilities for damages to plant 
or persons arising from the installation and use of the nucleonic control 
systems. 

h. BSP specifically agree.3 to a 5 year demonstration programme involving nationals 
from Government party to RCA as set cut in the project document. The total 
number of participants Vnich can be accepted from RCA countries at any 
one time by bV.V i" limit:-:! to a uia/iMiv. ;f 1>. J'articipants in the 
demonstration frr.<rramme from RC4 countries wi.11 be given access to all 
teihnologi.-v t. m rmntior, o.r.d datn. ci ccor. .-mr- benefits fror.i n.c? of the 
nunlt;onI . ' • -i ;-:.v";terv 

i. BSP n;r,r>.-• • •. ••• v h i \. . ,,|.. • •;•• ;\ ma a t a n ••, 
d e p j f-..-J6 • • • • • th;. J i" '•• HI' re ' r a t i o n v 

http://wi.11
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This agreement and its terms will be reached before purchase of the 
equipment. 

j. Requirements of the government of India in respect to the project will be 
negotiated with UNDP and BSP. 

1 

.._ I 
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ATTACHMENT 1 
1 

LIST OF PARTICIPANTS TO THE UNDP PREPARATORY ASSISTANCE WORKING GROUP 

MEETINGS, BOKAPO IRON AND STEEL WORKS, TH.DTAN STEEL AUTHORITY, 

17 OCTOBER 19fiO 

AND ROURKELA STEEL PLANT, ifi OCTOBER 1980 

Dr. C.okul Mukher.iee* 
D i r e c t o r 
S t e e l Author i ty of I n d i a L td . 
Research arid Development Centre 
fo r I ron and S t e e l 
R a n - h i - 2 , Ind ia 

Dr. S.C. Mehta* 
Deputy General Superintendent 
Steel Authority of India Ltd. 

Dr. J. Bhattacharya* 
Research f-fanager 
Steel Authority of India Ltd. 

Mr. S. Smarapungavan* 
Managing Director 
Steel Authority of India Ltd. 
Bokaro Steel Plant 
Bokaro Steel City 
Bihar, India 

Mr. M.F. Mehta* 
General Manager (Works) 
Steel Authority of India 
Bokaro 

Dr. H.S. Asvath* 
Deputy General Superintendent 
Steel Authority of India 
Bokaro 

Mr. U.K.S. Dighe* 
Chief Superintendent, Hot Rolling Mills 
Steel Authority of India 
Bokaro 

Mr. M.L. Gupta, Supdt.* 
Hot Rolling Mills 
Steel Authority of India 
Bokaro 

Mr. G. Hariharan* 
Site Representative of R and D Centre 
Steel Authority of India 
Bokaro 

Dr. S.S. Darar* 
Managing Director 
fteel Authority of India Ltd. 
Kourkela Steel Plant 
Rourkela, India 

Mr. K.R. Snagamesvaran* 
General Manager (Works) 
Steel Authority of India 
Rourkela 

Mr. N.C. Nayak* 
Deputy General Manager 
Steel Authority of India 
Rourkela 

Mr. Subrat Ray* 
Assistan- General Manager 
Steel Authority of India 
Rourkela 

Mr. A.N. Rao* 
Superintendent, Energy and Economy Dep. 
Steel Authority of India 
Rourkela 

Mr. K.S. Bhagawan* 
Manager, Energy and Economy Dep. 
Steel Authority of India 
Rourkela 

Mr. Mahapatro* 
Superintendent, Platemill 
Steel Authority of India 
Rourkela 

Mr. M.R. Venkoba Rao* 
Superintendent, Techn.Improvement Cell 
Steel Authority of India 
Rourkela 

Mr. A.C. Eapen* 
Head, Hydrology and Tracers Section 
Isotope Group, BARC 
Trombay, Botnbay-UOO 085 
India 

NOTE: * Cost-free Experts 
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Mr. Naotake Okubo 
Manager, Instrumentation and N.D.I. 
Ehgineering Section, Equipnent Dept. 
Kimitsu Works, Nippon Steel Corporation 
1-Kimitsu, Kimitsu-City 
Chiba Pref. 
299-11 Japan 

Mr. Shogo Tsuji 
Senior Engineer, Industrial 
Instruments Design Dept. 
Naka Works, Hitachi, Ltd. 
882, Ichige Katsuta 
Ibaraki, 312 Japan 

Mr. Kazuo Miyagava* 
General Manager on Special 
Assignment of the Equipment Dept. 
Kimitsu Works 
Nippon Steel Corporation 
1-Kimitsu, Kimitsu-City 
Chiba Pref. 
299-11 Japan 

Mr. Hiro Amano* 
Nippon Steel Corporation 
Kimitsu Works 
Kimitsu-shi, Chiba-ken 
299-11 Japan 

Mr. E.E. Fowler 
Chief Technical Adviser 
UNDP Industrial Project 
IAEA, Wagramerstrasse 5 
P.O. Box 100, A-ll»00 Vienna 
Austria 
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ARGENTINA 

Ettableclmicnto A hot llornos Zapla (continued) 
Works: Palpala (11.0). Works director: Jorge Alberto Marque. Coke ovens: Two Bene-
Mittchell beehive batteries (32 ovens) (annual capacity 10,800 tons). Sinter plant: Four 4-8 
sq. m pan Holmberg (60,000 tons). Ironmaking plant: Five blast furnaces—No. I and No. II 
2,800mm hearth dia., 1188 cu. m (18,250 tons each); No. Ill 3,900mm hearth dia., 200 cu. 
m (45,625 tons); No. IV 4,170mm hearth dia., 225 cu. m (47,450 tons); No. V 5,000mm 
hearth din., 361 cu. m (91,250 tons). Sleelmaking plant: Three basic Bcssemers (240.000 
tons), two electric arc furnaces (54,000 tons). Rolling mills: l-stand 3-high 2.000/730mm 
Demag blooming mill with lifting tables (140,000 tons), 3-stand 3-high Demag cross-country 
medium mill (l,40O/47Smm for first 2 vends, l,200/475mm on third) (82,000 tons). Other 
plant: One l,600kVA reduction furnace fo.- ferro-silicon (1,200 tons); foundry w:th two 10-
ton cupulas. 
Products: Phosphoric, semi-phosphoric and hematite pig iron (output in 1976, 71,695 tons); 
ordinary, special and high grade steels (carbon, alloy and low-alloy) (88.313 tons); blooms 
and billets lor rolling and forging (72,136 tons); hot rolled bars and heavy and light sections 
(48,220 tons); ferro-silicon (1,245 tons); Thomas slag (4,468 tons); calcined dolomite (4,487 
tons). Brands: FM-AHZ. 
Principal sales outlets: At works address and at head office of Direction General de Fabrica-
ciones Militares. 
Expansion plans: Expansion of 9 of October Mine and two new beneficiaiion plants—second 
half 1978; billet mill—second half 1979; rod and bar mill—second half 1979; light 
mill—second half 1979. 

AUSTRALIA 
Australian Iron & Steel Pty Ltd—see BHP 

Australian Tube Mills Pty Ltd (ATM) 
Head office: Hawthorn Avenue, North Sunshine, Vic. 3020. Tel: 311 6666. Telexi 
32617. Cables; Austube Melbourne. 
Management: H. R. Fowler (secretary). Established: 1971. Capital: AS4.400.000. No. of 
employees: 100 (works). 
Works: North Sunshine (H.O.). ERW pipe mill (annual capacity 45,000 tons). Pipe 
galvanizing plant. 
Products: Commercial piping to AS 1074, BS 1387, i" to 6" n.b., linepipe to API 5L. grades 
A & B, ASTM A53 grades A & B, 1-906* to 6-625' o.d.; hollow sections to ASA 177 from 
i" to 5" sq. and up to 6" x 4-' rectangular, wall thickness 0-072" to 0-250"; special tube for 
automotive axles, etc. 

BHP—The Broken Hill Pty Co Ltd 
Head office: 140 WiUiam Street, Melbourne 3000. Tel: 60 0701. Tele»i30408. Cables: 
Hematite. 
Management: Chairman: J. C. McNeill. Chief general manager: B. T. Lolon. General 
manager international business: B. Rowe. Steel Division—W. B. Burgess (executive general 
manager), W. Farrands (general manager marketing). Established) 1885. Capital: Share
holders funds, BHP group: AS 1.718,074.000 (at May 31, 1976). No. of employees: BHP 
Group—59,660 (at May 31, 1976). Subsidiaries: Major operating subsidiaries: Australian 
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BHF—The Broken HillPty Co Lid (continued) 
Industrial Refractories Ltd (refractory and other bricks); Australian Iron & Steel Pty Ltd 
(iron and steel) (see below); Australian Wire Industries Pty Ltd (wire products); Pacific Area 
Investments Pty Ltd (containers, appliances, packaging); Commonwealth Steel Co Ltdt 
(stainless and special steels). Dumpier Mining Co Ltd (iron ore unJ suit); Grooie Siylandl 
Mining Co Pty Ltd (mangenese); Hematite Petroleum Ply Liu (crude oil. natural gas LPG); 
Tasmaruan Electro Metallurgical Co Pty Ltd (ferro alloys) (sec cciow). 

Annual capacity: Raw steel 8,620,000 tons (raw steel equivalent). 

Works: Port Kembta (operated by Australian Iron & Steel Ply Ltd). Postal address: PO 
Woiior^ong. NSW 2500 Tei: 745011. Telex: 29015. Worxs general manager: C. R. Hall. 
Coke owns: Tv.o batteries (163 ovens—4m) (annual capacity 1,066,000 tons), three 
batteries <233 o\cns —5m) (1,880,000 tons). Sinter plant: No. 2 Dwight Lloyd (Lurgi), 4m 
wide, 200 sq. m (2,000.000 tons); No. 3 Dwigh: Lloyd (Lurgi), 5m wide, 420 sq. in 
(5.000,000 tons). Ironmaking plant: Five blast furnaces—No. 1 5-8m hearth dia., 690 cu. m 
(350,000 tons); No. 2 7-3m hearth dia.. t,!60 cu. in (650,000 tons); No. 3 8-6m hearth dia., 
1.521 cu. m (950.000 tons); No. 4 91m hearth dia.. 1,883 cu. m (1.100,000 tons); No. 5 
11-lm hearth dia, 2,705 cu. m (1,600,000 ions). Steelmaking plant: No. 1 shop—five 270-
ton and one 280-ton open hearths, oxygen injected (1,280,000 tons); No. 2 shop—four 370-
ton and one 560-ton oper. hearths, oxygen injected (2,130,000 tons); No. 3 shop—two 2*>0-
ton LDs (2.780.000 tons); electric furnace shop—one 20-ton (3,500 kVA) furnace and one 
50-ton (15.000 k YA) furnace (i 10.000 tons). Refining plant: One 50-ton AOD. Rolling mills: 
One 2-high 1.000mm reversing blooming mill (1,300,000 tons); one 3-stand 2-high 900mm 
reve-sir-.g r ::1 md structural mill (35COOO tons); continuous billet mill comprising one 2-high 
900mm reversing roughing, and six 4S0mm horizontal stands with two vertical edging stands 
(800.000 !ons);~No. 1 merchant mill—one ll-stand 250/330mm (260.000 tons); No. 2 
merchant mill—combined bat, rod. strip mill 250mm (210,000 tons);one 1,220 x 2,921mm 
ur-ivera: slab mill (3,900.000 tons); one 1,680mm semi-continuous hot strip mill (2,250,000 
torsi; one 2-star.d 3,560mm plate mill l-iOO.OOO tons); one 5-stand 1,220mm cold mil! 
{500.003 tons); one t,220mm single-stand reversing cold mill (240,000 tons); No. 1 temper 
mi!!—one 2-stand 1,120mm (290,000 tons); No. 2 temper mill—one 2-stand !,350mm 
(360,000 tons). Strip coating lines: No. ! and No. 2 Halogen electrolytic tinning lines 
(I.016mm) (250.000 tons each). Other plant: Linde-Frankl oxygen plants—No. 1 300 
tons/day gaseous oxygen. 50 tons/day gaseous nitrogen; No. 2 840 ions'day gaseous 
oxygen. 140 tons/day gaseous nitrogen. Direct metal foundry (600 tons/day). Two cold 
rolled product lines—-A0 to 500mm (120,000 tons/year); one 10-strand steel strapping line 
(21.500 tons/year). 
• Newcastle (operated by BHP). Postal address: PO Box 196B, Newcastle, NSW 2300. Tel: 
610411. Telex: 28006. Works general manager: R. J. Harden. Coke ovens: Three batteries 
(178 ovens—4m) (annual capacity 1,120.000 tons), one battery (36 ovens—6m) (380,000 
tons). Sinter plant: One Dwight Lloyd (Lurgi), 4m wide, 208 sq. m (2,000,000 tons). Iron 
making plant: Four blast furnaces—No. 1 5-49m hearth dia., 638 cu. m inner volume 
(340.000 tons); No. 2 610m hearth dia., 890 cu. m inner volume (450,000 tons); No. 3 
6-48m hearm dia., 924 cu. m inner volume (500,000 tons); No. 4 7-31m hearth dia., 1,268 
cu. n iris- volume (800,000 tons). Steelmaking plant: Two 200-ton LDs (2,000,000 tons), 
one 30-ton LO (150,000 tons) Continuous casting machines: One 4-strand Concast S type 
curved mould for billets S9mm, 117mm arid 140mm sq. (220,000 tons). Rolling mills: No. 1 
blooming mill—one 2-high 1,120mm reversing (2.000,000 tons); No. 1 breakdown 
mil!—one 4-stand 3-bigh 7i0mm and No. 1 continuous billet miU—one 8 stand 460mm 
(1.850.000 tons); No. 2 blooming null—one 2-high 1,270mm reversing. No. 2 breakdown 
mill—one 4-stand 2-high (alternate horizontal and vertical) 750mm and No. 2 continuous 
mill—one 4-stand 2-high (alternate horizontal and vertical) 660mm (to be commissioned at 
1,000,000 tons capacity—ultimate capacity 3.000,000 tons); No. 1 merchant mill—one 13-
stand 2SO/330mm (300.000 tons); No. 2 merchant mill—(280/330mm) 10 primary standi 
(alternate horizontal and vertical) plus two par-'lcl 4-stand finishing trains (670,000 tons); 
skelp and strip mill—one. 10-stand 460mm with _. vertical edging stands (500,000 tons); rod 
trull—one 4-strand, 17 primary stands, four 10-stand No-Twist finishing trains (670,000 
tons); cold mill—one 4-high 460mm reversing breakdown stand, one 4-high 460mm 
reversing skin pass stand and one 200mm reversing Steckel stand (25,000 tons); strapping 
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BIIP—The Broken Hill Ply Co Lid (continued) 
line (18,000 tons). Other plant: Linde-FrankI oxygen plants—three 140 tons/day and one 
690 tons/day; direct metal foundry; steel foundry—two 25-ton mains frequency coreless 
induction furnaces producing high-alloy iron for roll manufacture. 
B Whyalla (operated by HUH). Postal address: PO Box 21, Whyal'a, SA 5600. Tel: 45 7000 
and 9444. Telex: 80270. Works general manager: J. C. Risby. Coke ovens: One battery (72 
ovens—5m) (annual capacity 650,000 tons). Iron ore palletizing plant: Allis-Chalmers grate 
kiln type (1,500,000 tons), fronmiiking plant: Two blast furnaces—No. 1 5-2m heirth dia., 
595 cu. m inner volume (3.10,000 ions); No. 2 7'9m health dia., 1,346 ex m inner volume 
(680.000 tons). Steelmaking plant: Two 120-ton LDs (1,240,000 tons), one 19-ton (3,500 
kVA) electric furnace (30,000 ions). Rolling mills: Blooming mill—one 2-high 1,000mm 
reversing (1,700,000 tons); medium structural mill—one 3-stand 2-high 660mm with 
1,000mm reversing roughing star.djone universal mill—0,1c 1,270mm roughing st ind and 
one 1,140mm finishing stand (750,000 tons). Other plant: Linde-FrankI oxygen pi:tnt (315 
tons/day); steel foundry; direct metal foundry—ingot mould production. 
B Georgetown (operated by Temco). Postal address: PO Box 164, Georgetown, Tas. 7253. 
Tel: Georgetown 821411. Telegrams: Ocmet Launceston. Works manager. R. T. Hooper. 
Sinter plant: One 18 sq. m strand Lurgi machine for sintering manganese ore lines (capacity 
600 tons/day). Other plant: Terro-alloy furnaces—two 16,000 kVA and one 27,030 kVA 
closed furnaces for manganese alloy production (annual capacity 140,000 tons); or.< 45,000 
kVA Elkem semi-closed furnace for silicon alloys (26,000 tons of 75̂ o ferro-silicon). 
BKwinana (operated by A1S). Postal address' PO Box 160, Kwinana, WA 6i:>'' Tel: 
9011" Telex. 92074, Works manager: R. J. M Dclbridgt. Sinter plant: One Dwight Lloyd 
(Lurgij, 2-Jm wide, 100 sq. m (annual capacity 1,000,000 tons). Ironmaking plan.: No. I 
blast furnace—7-8m hearth dia., 1,385 cu. m inner volume (750,000 tons). Rolling mills-
Merchant mill—one 8-stand 300mm continuous light bar mill with 3-high 400mm break
down stand (280,000 tons). Other plant: Two doub'e strand pig casting machines '.2,600 
tons/day in 20kg pigs); fence post plant. 

Produels: Pig iron (basic and foundry); rerolling semis; ingots, blooms, slabs, billets; struc
tural shapes; merchant bars; wire rods (:oii weight 700kg); not rolled strip 'wide and 
narrow); plates; narrow cold rolled products; electrolytic tinp'Pte and secondaries; 'ails and 
accessories; wire products; ferro-alloys. Output for yea. ended 31st M.r. 1976- Raw 
materials—coal 6,500,000 tons, ironstone !7,6v 1,000 tons, limestone 261,000'tons, dolomite 
465,000 tons, manganese ore 1,528,000 tons. Intermediate products—pellets 1,634,000 tons, 
coke 4,972,000 tons, iron 7,339,000 tons, raw steei 7,822,000 tons. MiU products (BHP/AIS 
steelworks)—bloom and slab mills 6,456,000 tons, heavy and continuous mills 3,045,000 
tons, plate and strip mills 2,405,000 tons, merchant mills 1,357,000 tons, rod mills 564,000 
tons, narrow cold rolled strip 86,000 tons, tinplate 234,000 tons. 

Principal sales outlctsi Head office address. Australian branch ofTi.-es—140 William Street, 
GPO Box 86A, Melbourne, Vic. 3001 (Tel: 60 0701)(Victorian sales manager: P. J. Piccles); 
20 O'Connell Street, PO Box 2695. Sydncv, NSW 200' (Tel: 2 01331 (Manager: L. A. 
Chessell);41 Currie Street, GPO Box 904F, Adelaide, SA 500! (Tel: 51 1503) (Manager: D. 
A. Kitio); 344 Queen Street, GPO Box 1383R, Bn.;««.iie, Old. 400! (Tel. ."! 1041) 
(Manager: B. A. Buckham); 37 St. Gorges Terrace, GPO Bex L923, Perth, .VA 6001 (Tel: 
25 9633) (Manager: R. M. Williams); 152 i.Ucquarie Street, GPO Box 1l4i)L, Hofcarl, Tas. 
7001 (Tel: 23 2986) (Tasmanian sales manager: S. M. Morrison) Overseas tepresetv 
tatives—Japan: G. R. Harding, Resident Representative, 3rd Floor, VaLvioka 1 amuracho 
Bldg., 22-10 Shimbashi 5-chome, Minato-K'i, Tokyo 105 {Tel: 03 43n 6271-5). New 
Zealand: R. L Harvey, New Zealand Manager, Downtown House. 21 Qu*i Street, 
Auckland (Tel: 33 812). Papua New Guinea: S. P. Carter, Resident Representative, Allot
ment I. Section 72. 3utibum Road, Voco Point, I.an (Tel: 42 2465). Singapore; A. S. 
Thompson, Resident ReDresemattve South East Asia, Suite 405, 4th Floor, Ocean Bldg., 
Collyer Quay, Singapore I (Tel: 78 491 91 9951). U.".. J. F. MsNicel, United Kingdom ar.c 
European Representative, 14 Hanover Squar?, London, WiR 0ND (Tel: 01 4^9 06i 1 > 
USA: D. H. Harraway, American Representative. Room 3200, liK) Park Avenue, New 
York, NY 10017 (Tel: 212 725 5322). Philippines: A. W Shearer, Senior Representative 
Philippines, 9th Floor, Citibank Centre Bldg., 8741 Pasco De Roxas, Makau iMsniii'). Rizal 
(Tel: 89 1941. 87 8375). 
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BHP—The Broken Hill Pty Co Ltd (continued) 
Expansion plans: Newcastle—installation of 42 x 6m coke ovcnj battery with capacity of 
8,600 torts/week to replace old battery of 64 x 4m ovens (scheduled for completion mid-
1979). Port Kembla—installation of 45 x 7m coke ovens battery with capacity of 15,750 
tons/week (completion date mid-1979); twin strand continuous slab costing machine and 
vacuum degassing plant, capacity 1,000.000 tons/year (completion dule 1978); uprating of 
No. 5 blast furnace from 4,500 tons/day to 5,700 ions/day (completion date mid-1978). 
Whyalla—installation of 36 x 5m coke ovens battery (completion date end-1977). 
General Information: BHP is also a producer of oil and natural gas. 

B u n d y T u b i n g C o ( A u s t . ) L td—see Tubemakers of Australia Ltd 

Comsteel—Commonwealth Steel Co Ltd 
Head office: Maud Street, Waratah. NSW 2298. Tel: Newcastle 68 0411. Telex: 
28115. Cables: Comsteet Waratnh NSW. 
Management: G. Burrelt (genera! manager), I. D. Faulkner (manager corporate finance and 
company secretary), S. Rose (division manager mill and engineering products), R. Chadban 
(division manager stainless Rat products), G. Boileau (division manager distribution). Estab
lished: 1918. Capital: Authorised: AJI0 million. Issued: A$6 million. No. of employees: 
2.400. Ownership: The Broken Hill Pty Co Ltdt. 
Works: Mill & Engineering Products Division, Waratah Works, Maud Street, Waratah, 
NSW 229S. Tel: Newcastle 68 0411. Telex: 28115. Division manager: S. A. Rose. 
Marketing manager: M. Chapman. Steelmaking plant: Four electric arc (urnaces—one 50-
ton, one 30-ton, one 20 ton and one 10 ton; two HF induction furnaces—one 1-ton and one 
fion. Refining plant: One DM vacuum degasscr. one 1 M stream degasser. Rolling mills: 2-
high 750mm reversing blooming mill, 3-high 500mm breakdown mill, S-stand 300mm 
parallel open-train merchant mill (with independent drive on finishing stand). Other plants: 
Railway wheel and tyre plant with two presses and Edgewater universal mill; axle plant with 
5-ton hammer; forge plant with one 50MN and one 10MN press; roll machine shop; grinding 
ball plant with Hill-Acme upsetting machine (60-l00mm balls) and two Danieli ball rolling 
machines (25-60mm balls); bar finishing equipment; light and heavy foundries for railway 
bogies and components and stainless, alloy and carbon steel castings; machine shops for light 
and heavy sections, etc. 
• Mill & Engineering Products Division, Lidcombe Works, Railway Parade, Lidcombc, 
NSW 2141. Tel: 02 649 0251. Telex: 24107. Works manager: G. Green. Heat treatment, 
machining, dressing and assembly equipment for railway bogies and components. 
• Mill 4 Engineering Products Division, Moorooka Works, Newman Road, Moorooka, 
Q!d. 4!05. Tel: 07 ^8 1084. Telex: 41217. Works manager: R. Smith. Steetmaking plant: 
One 3-ton electric arc furnace. Other plant: Heat treatment, machining, dressing and 
assembly equipment for railway bogies and components. 
• Stainiess Flat Products Divisiop^lJnani^ra.Workii, Five Islands Road, Unanderra, NSW 
2526. Tel: 042 711 888. Telex: 29004. Division manager: R. Chadban. Marketing manager: 
R. Gibson. Rolling mills: One 1,067mm Scndzimir ZR22 reversing mill and one_l,u77mm 
Sendzimir ZR21AA reversing mill. Other plant- One 1,270mm vertical bright annealing line, 
one 2-high 762 x 1,575mm temper mill, etc. 
Products: Waratah—special alloy, tool and die steels; carbon and alloy engineering steels; 
stainless steel bars; assembled railway and tramway wheel sets; locomotive, carriage and 
wagon wheels, tyres and axles; all types of forgings and castings; hardened steel rolls; forged 
steel balls and grinding rods; bogies and other railway castings (couplers, draft gear, etc.). 
Lidcombc—railway bogies and general castings. Moorooka—railway bogies and general 
castings. Unanderra—cold rolled stainless steel sheet and strip; cold rolled stainless steel 
coils. 
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Comsteel—Commonwealth Sieel Co Lid (continued) 
Principal sales outlets! The Distribution Division at head office address (Division manager: 
G. Boilcau) operates steel service centres in the following cities: Newcastle—Maud Street, 
Wnratah, NSW 2298; Sydney—60 O'Riordan Street, Alexandria, NSW 2015; 
Melbourne—171-193 Kensington Rood, Kensington, Vic. 3031; Brisbane—121 Montague 
Road. South Brisbane, Old. 4001; Adelaide—4 East Avenue, Beverley, SA 5009; Perth—8 
Victoria Avenue, Perth, WA 6000. It sells, from these service centres, throughout Australia. 
It trades mainly in the bar and plate and tool steel bars and blocks but in addition obtains 
materials from other local and overseas manufacturers for stocking and resale. Distrbvition 
Division products: Alloy steel bars and plate; stainless steel bars, sheet, coil and plate; tool 
steel bars and blocks; stainless and alloy tubing; quenched and tempered low alloy abrasion 
resistant plates; austcninc manganese impact resistant plate; stainless shapes and 
sections—rolled; stainless shapes, sections (including custom designed sections) and hollow 
bar—extruded; etc. Brands: Comsteel; Crucible Steel's range of lool steel brand*; ITT 
Harper; Sumi'.en SOS and II0K; etc. 

General Tubing 
Division of Aquila Steel Co Ltd 
Head office! 31 Ashmore Street, Alexandria, NSW 2015 (Postal: PO Box 124, Alexandria, 
NSW 2015.) Tel: 02 3186-1 J. Telex: 2!610. Cables: Geniubc Sydney. 
Management: Gordon W. D. Read (general manager). Desmond T. McEvoy (assistant 
general manager), Chris Mackness (export manager), Established: 1961. No. of employees: 
70 (works); 3 (office). Ownership: Wholly-owned by Aquila Steel Co Lid. Subsidiaries: 
None. 
Works: Alexandria (H.O.). Works director: Desmond T. McEvoy. Tube and pipe mills: 
Stainless steel TIG welding in sizes ranging from 4-76 to 10160mm o.d. (annual capacity 
3,600 tons). 
Products: Stainless steel tubing and pipe—welded, seamless, drawn to typical specifications; 
nickel alloy tubing; titanium tubing to B338. Output in 1976, 2,500 tons. Brands: General 
Tubing, GT, Gentube. 
Principal sales outlets: UK: P. T. McCarthy, Church Ha!!, Broxted, Dunmow, Essex. CM6 
2BZ. Agencies in most countries. 

John Lysaght (Australia) Ltd (J LA) 
Head office: 50 Young Street, Sydnev, NSW 2000 (Postal address: Box 196 GPO, S/dr.cy. 
NSW 2001). Tel: 20553. Telex: 20335. Cables: Galvanized Sydney. 
Management: E. B. Gosse (chairman), H. J. Pearce (managing director), S. W. H. Fairbaim 
(deputy managing director), H. Bosch (marketing director), A. Kcnyon (director adminis
tration and finance), J. R. Lysaghl (production director), C. Shegog (engineering director), J. 
M. Coxon (corporate export executive), H. J. Trcwardia (manager, Westcrnport works), J. 
M. O'Donncll (works manager, Port Kembla), P. R. Richards (general manager, research 
and technology), M. A. Harrcll (managing director, Brownbuilt Ltd). Established: 1921. 
Capital: Authorised: AS100 million. Paid up: AS50 million. No, of employees: 6,737 (at 
Dec. 1976). Ownership: BHP-GKN Holdings Ltd (equally owned by The Broken Hill Pty 
Co Ltdt and Guest, Keen & Nettlefolds Ltdt). Subsidiaries: Subsidiaries and 
associates—John Lysaghl (South Pacific) Ud, Fiji (54%); John Lysaght (Malaysia) Sdn. 
Bhd., Malaysia (60%); John Lysaght (Sabah) Sdn. Bhd., Malaysia (49%); John Lysaght 
(PNG) Pty Ltd, Papua New Guinea (80%); John Lysaghl (Rabaul) Pty Ltd, Papua New 
Guinea (80%); John Lysaght (S.E. Asia) Pte Ltd, Singapore (50%); Sicotec SA, New 
Caledonia (90%); PT BRC-Lysaght Indonesia, Jakarta (30%); ASC Pacific Inc., 
Washington, USA (30%); Brownbuilt Ltd, Victoria, Australia (100%); Brownbuilt Metalux 
Industries Ltd, WA, Australia (100%); Brownbuilt (NSW) Ltd, NSW, Australia (100%); 



' ; o Inn k SlMl Wofki ol lha Woild 

AUSTRALIA 

John Lysaght (Australia) Lid (continued) 
Lysajtht Brownbuilt industries (Fiji), Fiji (100%); Brownbuill (PNO) Pty Lid, Papua New 
Guincc (100%); Lysaght Corrugated Pipe Sdn. Bhd.. Malaysia (30%); Lysaght Corrugated 
Pip: (S) Pie Ltd. Singapore (30%); Rabaul Metal Industries Ply Ltd, Papuu New Guinea 
•>4%), Sheet Metal Industries (PNG) Pty Ltd, Papua New Guinea (64%); Besikayu (M) Sdn. 
BhJ., Sdangor. Malaysia (70%); RMI Holdings Pty Ltd, Rabaul, Papua New Guinea (64%); 
G. C. Bailes 4 Co Ltd, Rabaul, Papua New Guinea (64%); John Lysugltt International 
Holdings SA, Panama (100%); Lysaght International Finance Ltd, Bermuda (100%); 
Lysaghi Australia Finance Ltd, Canberra (100%); John Lysaght Imernalu tal (Hong Kong) 
Ltd. Hong Kong. 

Annual capacity) Cold rolled steel approx. 1,000,000 lo 1.500.000 ions. 

Work*: Sheet Manufacturing Division, PO Box 77, Port Kembla. Tel: 74 0422. Telex: 
N0I4. Works director: J. R. Lysaght. One 1,220mm Bethlehem continuous Zincalume line 
unnuu! capacity 220.000 tons); two 1,220mm Bethlehem continuous galvanizing lines 
v370,000 tons): one 1.320mm Bliss electrogalvaniiing line (90.000 tons); one 1,220mm coil 
laminating line (17,000 tons); two coil paint lines—1,220mm and 1,320mm (160,000 tons); 
one 1,050mm strand annealing and decarburising line for electrical steel (60,000 tons); one 
1,420mm Sueco coil temper milt (460,000 tons); etc. 
• Westcrnport Works. Bay view Road. Hastings, Vic. Tel: 79 0111. Tele*: 32894. Works 
manager: H J. Trewanha. Rolling mills: One 5 stand 2.000mm Hitachi cold reduction mill 
(annua! capacity 830.000 tons); one 2.050mm semi-continuous hot strip mill with vertical 
eJg-ng mi!l (annual capacity initially 1,500,000 tons); 4-high reversing roughing mill and 5 
stand 4 high finishing mill (.commissioning 1978) (annual capacity ultimately 5,000,000 
tons). Strip coating lines: One l.SOOmm Wean continuous galvanizing line (290,000 tons), 
one i.bJOmm coil paint line (90.000 tons) Other plant: One 2.000mm 1H1 coil temper mill 
COO.000 tons), etc. 
DSanU-y Division, PO Box 589. Newcastle. NSW 2300. Tel: 68 0422. Telex: 28004. 
Corporate executive: W. R. Ultcridge. Press shop and toolroom for manufacture of electrical 
stee: laminations. 

Products: L'ncoated cold rolled steel sheet and coil including commercial, drawing, stabilised, 
enamel, high tensile and electrical grades, mostly 0-S to 3mm thick and 610 to 1,500mm 
wide; metal coated, cold rolled steel sheet and coil including hot dipped galvanized, terne 
coated and electro-galvanized, 0-4 to 3mm thick and 610 lo 1,500mm wide; plastic 
laminated sheet and coil, single and double sided, on steel base, 0-5 to l-6mm thick and up to 
1,200mm wide; prepainted sheet and coil on steel base, 0-4 to l-6mm thick and up to 
1,575mm wide; electrical steel laminations, 0-35 to 0-50mm; expanded metal, min. thick
ness 0-42mm; cold formed sections, rollformed in 46 different shapes, 1-6 to 3-2mm; hot 
rolled uncoated sheet in commercial drawing and plain carbon grades as sheet and coil, 16 
to 3mm thick and 610 to l.SOOmm wide. Output of sheet and coil in 1976, 920,000 tons. 
Brands: Uncoated: Lysaght, Ly-Ten, Lynamel, Ly-Core. Metal coated: Flat—Galvabond, 
Zincmatte, Zincform, Zinc-Hi-Ten, Zincanneal, Zincseal, Zincalume; formed—Custom Orb, 
Custom Blue Orb. Spandek. Klip-Lok, Trimdek Hi-Ten, V-Crimp Hi-Ten, Coolclad, 
Zincalume, Multi-Lok, etc. Plastic laminate: Marviplate. Prepainted: Colorbond. Expanded 
metal mesh: Omamesh, Gridmesh. 

Principal sales outlets: Australian sales offices: Sydney—Anzac Street, Chullora, NSW 
2190; Canberra—95-97 Wollongong Street, Fyshwick, ACT 2603; Melbourne—492 St. 
Kilda Road, Melbourne, Vic. 3001; Adelaide—Wingfield Road, Wingfield, SA 3013; 
Brisbane—Lysaght Street, Acacia Ridge. Qld. 4109; Perth—Corner Norma Road and 
McCoy Street. Myaree. WA 6153; Hobart—97A Grove Road, Glenorchy. Tas. 7010; 
Darwin—Comer Coonawarra and Bombing Roads, Winnell, NT 5789; other sales and 
service offices at Newcastle and Albury, NSW, Sunshine and Nunawading, Vic, Townsville 
and Reckhampton, Q!d., and Devonport, Tas. International sales office: Export Department 
at Head office address. Overseas offices: See under subsidiaries and associates. 

Expansion plans: Western port. Vic., hot strip mill commissioning in 1978. Stage 3 of the 
company's expansion programme at Westernport envisages installation of steelmaking plant 
and slabbing facilities, resulting in the creation of a fully integrated steelworks by the 1980's. 
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Martin Bright Steels Ltd 
Head office! 32 Baihursi Street, Sydney, NSW 2001. Tell 262441. Telex: 
22424. Cables) Marson Sydney. 
Management: G. H. N. Martin (managing director), N. Sorrell (director and marketing 
manager), J. D. Irving (director). Established: 1923. Capital) AS5.055,000. No. or 
employees: 320 approx. (works); 60 approx. (office). Subsidiaries! Wm. N. Barron (steel 
merchants and abrasives and foundry suppliers), 
Producis: Bright steel—rounds 1-6 to 250mm (bright drawn, precision ground, turned and 
ground, fully turned and polished), hexagons 3-2 to 100mm (bright drawn), squares J to 
100mm (bright drawn), flats 7 x 2mm to 250 x 20mm (cold rolled or bright drawn according 
to sue). Normally supplied in straight and uniform bars but coils are available in • limited 
range. Available in Australian grades including leaded and non-leaded free-cutting steels, 
low, medium and high carbon and alloys steels. Brands: Marbrite (bright steel bars); Ledbrite 
(lead-bearing free-cutting steels). 
Principal sales outlets: Head office address. Agents: New Zealand—Fox & Gunn Ltd, 
Auckland, Wellington and Christchurch. Venezuela—Metacon CA, Caracas. 
Ecuador—Erwin Maenz H„ Guayaquil. 

Rydal Steel 
Division of LNC Industrial Products Pty Ltd 
Head office: 32 South Street, Rydalmere, NSW 2116 (Postal: PO Box 29, Lidcombe, NSW 
2141). Tel: 648 3233. Telex: 242B9. 
Management: N. J. Grant (manager). Established: 1925. No. of employees: 33 (works); 3 
(office). Ownership: Wholly-owned subsidiary of LNC Industrial Producis Pty Ltd (a 
division of LNC Industries Ltd). 
Annual capacity: Rolled steel 15,000 tons. 
Works: Rydalmere (H.O.). Rolling mills: 3-stand 10* hot mill (annual capacity 10,000 ions), 
1-stand 10" hot mill (3,000 ions), section mill for hot rolled non-rectangular section (2,000 
tons). 
Products: Round- and square-edge Art bars up to 130 sq. mm cross-section, with a limitation 
of 32mm width (output in 1976,6,000 tons); special flats including baling bands (2,000 tons); 
special sections including squares, triangles, hexagons, ovals, horse-shoe and other variations 
up to 170 sq. mm cross-section, with a limitation of 32mm width (1,000 ions). Brands: 
Include: Contibands (patented baling bands). 
Principal sales outlets: All overseas enquiries: LNC Industrial Products Pty Lid, Sir Joseph 
Banks Street, Botany, NSW 2019. 

BERJAK& PARTNERS 
492 ST. KILDA ROAD, 
MELBOURNE, 3004 
Telex :AA30334 

NEW 
Steel Sheets, Plates, Tinplate, Waste, 
Waste-Waste, Structural*, High Speed, 
Stainless, Alloy and Tool Steels. 

USED 
Steel Scrap, Rerolling, Relaying, Forging, 
including High Speed Steel Scrap and 
Residues. 
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Siddons Steel Mills 
Division of Slddona Pty Ltd 
Head officei I Culverlands Street. Heidelberg West. Vic. 3081. Tell 439 8999. Telen 
34358 ssm aa. Cablet: Sidsteel. 
Management: Roger C. S. Brading (general manager), Laurie P. Anson (sales manager), 
Raymond McMahon (operations manager), Ronald J. Vernon (accountant). Established: 
1955. No. of employees: 70 (works); "2 (office). Ownership! Wholly-owned division of the 
Siddons Industries group of companies. Subsidiaries! None. 
Annual capacity: Rolled steel 20,000 tons. 
Works: McEwens Road, Heidelberg West. Tel: 459 8999. Telex: 3433B asm aa. Works 
manager: Raymond McMahon. Rolling mills: 3-high 4-stand 18' cross-country (annual 
capacity 15.000 tonsX 3 high 5 stand 14" cross country (',000 tons). Other plant: Manufac
turing plant for cutting edges used in the earthmoving industry. 
Products: Cutting edges (earthmoving) to 250mm width (output in 1976, 10,000 tons), truck 
rim sections to B70 sue (1,500 tons), light merchant sections (1.000 tons), light rails to 
15kg/m (200 tons) and various fish plates (on application) (400 tons). 
Principal sales oudets: Agents: USA—Ira Svendsgaard A Associates, PO Box 10041, 
Oakland. Calif. 94610. European— GI PA Ricambi, PO Box 70. 21100 Varese, Italy. 
Singapore—Associated Auto Agencies, PO Box 1187, Singapore 1. Malaysia—Malaysia-
S.ngapore Agencies, PO Box 370, Kuala Lumpur. Thailand—S. Siriprasert Ltd, PO Box 
169. Bangkok. 

IN AUSTRALIA 
THIS M E A N S 
TUBE 8i PIPE 

It means Tubemakers of Australia Limited and its three product divisions:-
8.T.M. Division 
Cast Iron Pipe Division 
Steet Pipe Division 

and two warehousing divisions:-
Supply Division 
J . Murray - More (Holdings) Ltd 

Wherever you see this symbol you're sure of supply and service. 
For information contact-

TUBEMAKERS 
OF AUSTRALIA LIMITED 
1 York Street, Sydney 2000 
Telex: 22849 Telephone: 27-8311 
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Steel Mains Pty Ltd (SMPL) 
Head ofUcei 12th Floor, 114-124 Albert Road, South Melbourne, Vic. 320$ (Posinl address: 
HO Box 441, South Melbourne, Vic. 3205). Tel: 03 699 1799. Telex! 32321. Cabin: 
Steel mains Melbourne. 

Management: J. A. deVeer (director and general manager), L. F. McWilliams (assistant 
general manager), R. J. N. Stow (manager finance and secretary), '/.. G. White (manager 
marketing), A. Z. Apsitis (chief engineer), G. G. Grant (manager technical services). Eslab-
lished: 1970. No. or employeesi 1,200. Ownership: Humes Ltd (67%). Tubemakers of 
Australiat (33%). 

Works: Maitland Road, Hexham, NSW. Tel: 02 644 2351. Telex: 20605. Manager: A. E. 
Burton. Tube and pipe mills: Section shop—255 to 1,830mm o.d., in various wall thick
nesses 3 to 16mm. 
• Rose Crescent, Regents Park, NSW 2143. Tel: 02 644 2331. Telex: 20605. Manager: A. 
E. Burton. Tube and pipe mills: Section shop—510 to 1,830mm o.d., in various wall thick
nesses 5 to 12mm. 
• Abott Street, Conoonba, Qld. 4801. Tel: 072 44 5881. Telex: 40319. Manager: C. W. 
McLeod. Tube and pipe mills: Section shop—380 to 1,830mm o.d., in various wall thick
nesses 5 to 12mm. 
• 189 Montague Road, South Brisbane, Qld. Tel: 072 44 5881. Telex: 40319. Manager: C. 
W. McLeod. Tube and pipe mills: Section shop—405 to 1.830mm o.d., J to 16mm wall 
thickness; fabrication shop—705 to 2,590mm o.d., 10 to 28mm wall thickness. 
• Lady Ruthven Drive, North Haven, SA 5018. Tel: 08 248 1766. Telegrams. Steelmains 
Adelaide. Manager: G. Turner. Tube and pipe mills: Press shop—230 to 800mm o.d., 3 to 
14mm wall thickness; barrel shop—800 to 2,745mm o.d., 6 to 25mm wall thickness; jobbing 
shop—230 to 650mm o.d., 3 to 25mm wail thickness. 
B 11 Lampion Avenue, Derwent Park, Tasmania. Tel: 002 72 6947. Telex: 58177. Manager: 
K. Frazer. Tube and pipe mills: Section shop—330 to 1,525mm o.d., 5 to 12mm wall thick
ness; fabrication shop—520 to 4,115mm o.d., 10 to 28mm wall thickness. 
• DynonRoad, Footscray, Vic. 3011. Tel: 03 305 4171. Telex: 32356. Manager: J. Perrett. 
Tube and pipe mills: Forming shop—220 to 510mm o.d., 5 to 10mm wall thickness; press 
plant—455 to 1,065mm o.d., 6 to 12mm wall thickness; section shop—760 to 1,435mm o.d., 
5 to 12mm wall thickness. 
• Comer Hume Hwy and Patullos Road. Somerton, Vic. 3058. Tel: 03 305 4171. Telex: 
32356. Manager: J. Perrett. Tube and pipe mills: Press shop—420 to 8!Jmm o.d., 5 to 
14mm wall thickness; section shop—1,200 to 2,160mm o.d., 6 to 20mm waJI thickness; 
barrel plant—600 to 1,400mm o.d., 6 to 25mm wall thickness. 
• Leath Road, Naval Base West Kwinana, WA 6167. Tel: 092 87 2311. Telex: 92489. 
Manager: J. Williams. Tube and pipe mills: Forming shop—285 to 660mm o.d., 5 to 10mm 
wall thickness; press shop—455 to 815mm o.d., 5 to 20mm wall thickness; section 
shop—610 to 1,625mm o.d., 6 to 32mm wall thickness. 
• 89 Salvado Road, Wembley, WA 6014. Tel: 092 87 2311. Telex: 92489. Manager: J. 
Williams. Tube and pipe mills: Section shop—5 10 to 1,830mm o.d., 5 to 25mm wall thick
ness; forming shop—120 to 425mm o.d., 3 to 6mm wall thickness. 

Products: Submerged arc welded steel pipes for water supply, sewerage, etc., 114 3mm (41") 
o.d. to 3,048mm (120") o.d. or larger if required, wall thickness 5mm (,*,*) to 19mm ({") 
depending upon the diameter and application; usually supplied in 9-14m (30') or I2'2m (400 
lengths, but may be supplied in 3-28m (10') sections. Submerged arc welded tubular steel 
piling for marine and other structural applications, wall thickness 5mm (/,») to 63-5mm ( 2 f ) 
depending upon the diameter and application. Double submerged arc welded pipes for oil. 
gas and chemical industry applications, 273-Imm (10J-") o.d. to 1,066-Smm (42") o.d. in all 
sizes and thicknesses to suit API 5L in grades A and B, API 5LX in grades X42, X60, X65 
or intermediate grades in 9-14m and l2-2m lengths. Hydroelectric penstock pipe up to 6m 
(20') dia. or more. All pipe work is manufactured to Australian, British or American 
Standards, which may be varied according to the special supplementary requirements. Also 
steel plate fabricated equipment such as tanks, pressure vessels, pipe specials and fittings, etc. 

Principal sales outlets: Park Road, PO Box 16, Regents Park, NSW 2143 (Tel: 02 644 2351. 
Telex: 20605); 189 Montague Road, South Brisbane (PO Box 613, Brisbane, Qld. 4001) 
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Stetl Mains Ply Lid (continued) 
(Tel: 072 44 58S1. Telex: 40319); Lady Ruthven Drive. North Haven. SA 5018 (Tel: 08 248 
1766. Telegrams: Steclmains Adelaide); 11 Lumpton Avenue, Derwent Park, PQ Uox 261, 
Moonah, Tas. 7009 (Telex: 58177); 89 Snlvado Rood, l'O Box 40, Wembley. WA 6014 
(Telex: 92489); Cnr. Hume Highway & Patullos Road. Sonicrhm (PO Uox HO, Coburg. Vic. 
3058) (Telex: 32356). 

Tubemakers of Australia Ltd 
Head office: I York Street. Sydney. NSW 2000. Telt 27 8311. Tclexi 22849. Cables: 
TubemaWers Sydney. 
Management: Managing director: J. G. Gosse. General managers: R. R. Johnson (finance 
and control), G. D. Dunstan (planning and development), F. McL. Burgess (personnel), A. S. 
Anwood (Supply Division), J. M. Griggs (BTM Division), R. H. Moore (Cast Iron Pipe 
Division). R. B. Page (J. Murray-More (Holdings) Lid), C. R. Stubbs (Steel Pipe Division), 
K T. Cocks (subsidiaries). Established: 1946. Capital: AS40 million. No. of etntiloyees: 
7,000. Ownership: The Broken Hill Pty Co Ltdt (43-75%). British Steel Corpt U8-75' o. 
Tube Investments Ltdt UK (15%). Others (12-5%). Subsidiaries: See under Works 

Steal Pipe Division 
Works: Newcastle. NSW. Tel: 672433. Telex: 28116. Works manager: K. H. Murdoch. 
Tube and pipe mills: Two continuous weld mills, 8 to 80mm n.b. (annua! capacity 225,000 
tons); one seamless push bench mill, 60-3 to 219- Imm o.d. (50,000 tons); one ERW mill, 
60-3 to 139-7mm o.d. (75,000 tons). Other plant: Automatic and semi-automatic hot-dip 
galvanizing lines, plastic coating line and painting and phosphate equipment; drawbench for 
cold reduction, 33-7 to 219-Imm o.d.; tube finishing equipment; pipe fittmes and flanges 
fabrication; forging etc. 
• Kembla Grange, NSW. Tel: 611888. Telex: 29028. Works manager: W. A. Matthews. 
Tube and pipe mills: ERW mill 152-4 to 457mm o.d. (annual capacity 50,000 tons), ERW 
double submerged arc mill, 508 to 914mm o.d. (100,000 tons). Other plant: Two pipe 
finishing sections. 
Products: Steel tubes, galvanized or black, screwed or plain ends, 8 to 150mm n.b. to AS 
1074; stee! tubes to API and ASTM; Victaulic system; water bore casing; structural tubes to 
AS 1450; rectangular hollow sections to AS 1163; steel fittings and forged steel flanges. 
Principal sales outlets: Offices and distributors in all Australian capital cities and major 
centres. 

BTM Division 
Works: Ki'.burn, SA. Tel: 08 2622311. Telex: 82214. Straight tubing manager: W. A. Hall. 
Rolling mills: 4-high Robertson reversing cold mill (annual capacity 30,500 tons). Tube and 
pipe mills: One 75mm and one 25mm Abbey-Etna RF weld mill for carbon steel tubes 
(12,750 tons and 7,200 tons respectively); 50mm Abbey-Etna ERW mill for carbon steel 
tubes (9,100 tons). Manipulated products manager: K. J. Seeary. Equipment for tube 
manipulation and fabrication to customers design; nickel and chrome plating equipment; 
continuous coating line for electrolytcally copper plating steel strip; tube stove enamelling 
equipment. Stainless manager: W. j . Madigan. Tube and pipe mills: 63-Smm TIG weld mill 
for stainless steel tubes (620 tons); two 3Smm TIG weld mills for stainless steel tubes (760 
tons); 12-7mm TIG weld mil! for stainless steel tubes (140 tons); equipment for tube 
manipulation and fabrication. Cylinder manager: P. L. Cotton. Equipment for the manufac
ture of high pressure and low pressure gas cylinders. 
Q Kilburn. SA. Tel: 26223 U. Telex: 82249. No. of employees: 300. Works Manager: A. M. 
Rosenthal. Tube and pipe mills. Two 12-7mm Bundyweld mills (annual capacity 4,100 tons). 
Other plant: Hot-dip lead-tin alloy line for coating external surface of tube. 
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Tubemaken of Australia Lid (continued) 
O Kilburn. SA. Tel: 08 2622521. Telex: 82214. Malleable foundry manager: S. M. Taylor. 
Mechanised foundry producing wtutchean malleable cast iron pipe fillings and general 
castings (annual cupacity 3,000 tons). 
P Sunshine. Vic. Tel: 03 3110666. Telex: 30348. Victorian and Tasmanian manager: R. S. 
Grander. Tube and pipe mills: 50mm Abbey-Etna RF weld mill for carbon steel tubes 
(annual capacity 17,250 ions). Other plant: Equipment for tube manipulation and fabrica
tion to customers design; lube stove enamelling equipment. 
DGranvillc. NSW. Tel: 02 6320491. Telex: 24151. NSW and Queensland manager: C. R. 
Stubbs. Tube anJ pipe mills: 50mm Abbey-Etna RF weld mill for carbon steel tubes (annual 
capacity 25,400 tons), 50mm Turek & Heller RF weld mill with inline zinc coating equip
ment for carbon stee! tubes and galvanized steel conduit (20,000 tons). Other plant: Black 
enamel paint line for steel conduit; painting line for steel lube; equipment for lube mampula-
lion and fabrication to customers design; tube stove enamelling equipment. 
Products; Cold drawn seamless and welded carbon sice' lubes 1 <6 to i7 I-4mm o.d.; welded 
carbon steel tube !2• 7 to 88 9mm o.d.; zinc coated welded carbon steel tube 16 to 63-5mm 
o.d., welded and drawn welded stainless stee! and alloy steel lube 6-4 lo 6.V5mm o.d.; 
fal—.cated tubular products; seamless high pressure gas cslincers: welded RHS lube 12 " to 
3 i smm; welded electrical conouit, black and galvanized, 16 to 5 Imm o.d.; Bundyweld steel 
t'.i'-x" 3-2 to 12 -7mm o.d.; whiiei.eart ma! lea tie iron p!-i:v.:vs !''.tings; pipe joints; cus lings fo-
e.e.t.'.cai, automotive, caravan ur.c irm'er and f.cii.'.'a. injuries; i'.)draulc nuierr'.-jlive 
:::• -v.i Brands: Galtube; Kane'.oni tube; Viciaulis; lijnj;w.-ld. 

Cast Iron Pip* Divlaion 
Works: Yennora, NSW. Tel: 02 632033). Telex: 24386. One 17| tons/hour hot blast cupola 
tannua! capacity 70,000 tors); four casting machines—three 76 to !05mm n.b. and one 305 
to 762mm n.b. for centrifugally spun arev iron pressure pipes. 
D Broadmeadows. Vic. Tel: 03 3094888. Telex: 323S8. One 10 ions/hour hot blast cupola 
(annual capacity 40,000 tons); three casiing machines—two 76 to 305mm n.b. and one 152 
to 381mm n.b. for centrifugal!)' spun grey iron pressure pipes. 
• Ballarat, Vic. (trading as Amcast Engineering). Tel: 053 321425. Telex: 34775. Two 5 
tons hour cold blast cupolas (annual capacity 20,000 tons), iwo CT3 automatic moulding 
machines for pressure pipe fillings. 
Products: Spun grey iron pressure pipes and fittings for water, gas, sewerage and indus
trial application, 76 to 762mm n.b., to Australian Standard 1723-1975 and 1724-1975 and 
British Standard 1211-1958 for grey iron; general castings in grey and alloy irons. 
Principal sales outlets: Head office address and Vennora Works. PO Box 14 1, Fairfield, 
NSW 2165; Broadmeadows Works, PO Box 42, BroaJmeadows V.c. 3J47, Ballarat Works, 
PO Ecu 167, Ballarat, Vie. 3350; Banksiown Works, PO Box 129, Barmtown, NSW 2200. 
Agents—Hone, Kor.s: Francois LVHirtiva'.iers, GPO Box 279, Hone Ken;. Singapore a:.J 
Malaysia: H. Rogers & Co P:e Ltd. 17-B Podium Bio.-.:. Gc-'dh '1 Kara, T!v:v.s.-r. Road, 
Singapore 1. 

Wundowie Iron & Steel 
Division of Agnew Clough Ltd 
Head office: 22 Mount Street, Penh, WA 6000. Tel: 21 8722. Ttlexi 92117 
garr.ew. Cables: Garr.ew Perth, 
Management: R. D. G. Agnew (chairman), J. S, Smithson (company secretary), D. B. 
Graham (general manager operations), J. Vincent (marketing manager), K. Grotli (shipping 
manager), A. Constanune (works general manager). Ownership: Wholly-owned by Agncw 
Cloujjh Lid. Subsidiaries: None. 



IMETAl, on industriol holding compony, 
heads up and controls an internc'ional 
Group. 
Its principal subsidiaries ore: 
• PENARROYA: 
lead, 2inc, silver, germanium, cadmium ond 
associated metals. 
• LENICKEL-SLN: 
ferro-nickel, refined nickel and derivotivej. 
• MOTKA: 
uranium, iron, monganese ond various non-
metallic products. 
• COPPERWELD CORPORATION (USA): 
speciolty tubing, bimetallic wire ond alloy 
steels. 
• LEAD INDUSTRIES GROUPltd. (U.K.): 
Manufacture of non-ferrous metals ceramic 
materials and points. 

The above mentioned companies corry on 
their operations both directly and through 
subsidiaries fo offiliates. 

• CARRIER KHEOPS ond COMETA: 
highly specialized electric and electronic 
equipment. 

• MINEMET: 
international soles and trading company. 
Controls and coordinates a worldwide net
work of commercial subsidiaries and affiliates. 
• MINEMET RECHERCHE: 
mineral processing and metallurgical 
research. 
• TECMINEMET: engineering. 

Altoge'her the IMETAL Group employs more 
than 20.000 people. Consolidoted sales ore 
opproximntely 7 biliion francs. 
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BANGLADESH 
Bangladesh Steel & Engineering Corp 

Head office: Shilpa Bhaban, Motijheel Commercial Area, Dacca 2. 
Established: 1972. Ownership: Public sector. 
The corporation controls a number of enterprises, including the following, all of which have 
separate entries: Bengal Metal Industries. Chittagong Steel Mills Ltd. Dacca Steel Works 
Ltd. G M Steels Ltd. Husein Industries Ltd, Khulna Industrial & Trading Corp Ltd. Malik 
Re-rolling Mills Ltd. Mohamedi Iron A Steel Works Ltd. National Iron & Steel Industries. 
New Era Steel Mills Ltd. Prince Iron & Steel Industries. Quraishi Steel Ltd. Rahman Metal 
Industries. Si no-Bangladesh Industrial Works. 
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Bangladesh Steels Ltd (BSL) 

Head office: 34 53 Nasirnbad Industrial Area, Chittagong. Ttli 80447, 84343, B3632, 
81396. Cabini Uangsieel. 
Management) Abdul Aziz Haji A. Salter (managing director), S, M. Sen Sharma (finance 
director). M. S. Uuda (director in charge). Established: I960. Capital) Tk 28,00,000. No. of 
tmploycen 160 (works). Ownership) Private. Subsidiaries) S. T. R. Salay Mohd & Co 
(importer and exporter); Samah Razor Blade Industries Ltd (manufacturers ofraror blades); 
G M O Industrial Curp (textile processing); Bangladesh Cutleries Ltd (manufacturers or 
cutlery). 

» Annual capacity) Rolled steel 27,000 long tons. 
Workst Rolling mills: One 10" and one 9" merchant bar (annual capacity 27,000 long tons). 
Products) Mild steel rounds, squares, flats, angles, channels, Z-bars, etc. (output in 1976, 
8,707 long tons). 

Bengal Metal Industries 

Head office: 91 Nawabpur Road, Dacca. Teh 311578, 282877. Cables: Ben metal. 
Managementi Nurun Nabi Chowdhury (general manager). Established: I960. Capital: Tk 
3,700,000. No. of employees: 58. Ownershlpi Government-owned under the control of 
Bangladesh Steel cV Engineering Corpt, Dacca. 
Works: 267 Tejgoan Industrial Area, Dacca. Tel: 311578. 5-stand 8" hand bar sue re-rolling 
mill (annual capacity 3,600 tons). 
Products: Mild steel rounds, s}" to I ' dia.; flat bars, *" x f" to 2" x {". 
Principal sales outlets: Bangladesh Steel &. Engineering Corp. 
Expansion plans) Additional mill planned. 

Bengal Steel Works Ltd 

Head office) Amin Court, 6th Floor, 62/63 Motijheel Commercial Area, Dacca 2. Tel: 
250041-3. Telex: 613 steel dac. Cables) Bomb Dacca. 
Management; Chairman; Mohammad Bhai. Executive directors: Mubarak Ali, Aziz 
Mohammad Bhai. Established) 1964. Capital) Tk 52,12,500. No. of employees: 475 (works); 
33 (office). Ownership: Public limited company. Subsidiaries; None. 

| Annual capacity: Rolled steel 15,000 long tons, 
Works: 4 Fouzderhat Industrial Estate, Chittagong. Tel: 85611. Works director: Mubarak 
Ali. 10" semi-automatic rolling mill (annual capacity 15,000 long tons). 
B 218 Tejgaon Industrial Area, Dacca 8. Tel: 300745. Works director: Mubarak Ali. Wire 
drawing plant (annual capacity 10,800 long tons). 
Products; Wire rods, rounds, flats, window sections, wire, etc. 

Chittagong Steel Mills Ltd (CSM) 

Head office: Bangladesh Steel & Engineering Corp, Shilpa Bhaban, Motijheel Commercial 
Area, Dacca 2. Tel: 82291. Cables: Slcelplant. 
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^ Chiitagong Steel Mills Lid (continued) 
Management: Bangladesh Steel & Engineering Corp. Executives: M. A, Fail (chairman), 
Nazmuddin Ahmed (director, production and cngineeringX BldruUdin Ahmed (director, 
planning and development), A. F. M. Saiful Islam (director, commercial and shipbuilding), S. 
A. Mansoor (general manager). Non-executive: A. S. Nuruddin (secretary). Established: 
1967. Capital: Tk 424. 990.000. No. of employees) 3,439. Ownership: Government owned 
under the control of Bangladesh Steel & Engineering Corpt, Daccu. Subsidiaries: None. 
Works: North Patenga, Chittagong. Tel: 82072. Stcclmaking plant: Four 60-ton basic open 

H hearths (annual capacity 250,000 tons), one 3-ton electric arc furnace (700 tons). Rolling 
mills: Blooming mill (two sets 3 high 800mm stands and one set 2 high 700mm stand in 
parallel) (146,000 ton*); bar and section mill comprising three 3-high 510mm stands in 
parallel, two 3-high 340/350mm stands and four 3 high 285/323mm stands (55,000 tons); 
sheet and light plate mills (60.000 tons); 1-stand 3-high 800/520/800mm Uuth heavy plate 
mill (57,000 tons). Coating lines: Sheet galvanizing shop (60,000 tons). 
Products: Ingots; billets 85 and 110mm; sheet bar 8-lmm to 17 x 250mm; slab 20'2mm to 
85-2 x 250mm; small and medium sections; equal angles; unequal angles; channels; joists 
125 x 75 x 5-5mm; rounds; hot rolled sheet 16 to 30g; squares; light plate; heavy plate; 
galvanized sheet. 
Principal sales outlets; Bangladesh Steel & Engineering Corp. 
Expansion plans: It is proposed to set up a continuous casting plant at Chitlagong with a 
capacity of 150,000 tons a year. 

Dacca Steel Works Ltd 

Head office: 75 Moujheel Commercial Area, Dacca 2. Tel: 244884. Cables: Razaco 
Dacca. 
Management: A. S. M. Shamsuzzaman Chowdhury (general manager). Capital: Tk 
3,069,000. No. of employees: 111. Ownership: Government-owned under the control of 
Bangladesh Steel & Engineering Corpt, Dacca. Subsidiaries: Prantik Traders, Dacca (wire 
nails, enamel ware); Quality Iron & Steel Co, Dacca (castings). 
Works: 76-78 Tongi Industrial Area. Dacca. Tel: 391386. 9 f mill (annual capacity 12,000 
tons). 
Products- Rounds and wire rod, j " (co:l). 
Principal sales oudets: Bangladesh Steel & Engineering Corp. 

GM Steels Ltd 

Head office: 357 Korbaniganj, PO Box 566. Chittagong. Tel: 85437, 88188. Cablesi 
FaLad Chi'.tagong. 
Management: R. A: Chowdhury (director, general manager). Established: 1963. Capital:Tk 
2,153,000. No. of employees: 224. Ownership: Government-owned under the control of 
Bangladesh Steel & Engineering Corpt, Dacca. 
Works: 245-279 Industrial Area, BaiziJ Bostami Road, Chittagong. Tel: 84751. One 8" and 
on; 12" mil! (annua; capacity 12.000 tors). 
Products: Mild steel rounds and wire rod |" to 1|", flats I* x |" to 2" x |", angles 
1" » !" * f to 3"x 3" x f . 
Principal sales outlets: Bangladesh Steel & Engineering Corp. 
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Husein Industries Ltd 

Head office: 83 Sagariki Road, PO Box S86, Chittagon|. Tell 84714. Cables: Harmony. 
Management: M. R. Chowdhury (director, general manager). Capital: Tk 1,683,000. No. of 
employees: 31. Ownership: Government-owned under I he control of Bangladesh Sleel & 
Engineering Corpt, Dacca. 
Works: 83 Fouzdarhat Industrial Area, Sagarika Road, Chittagong. Longitudinally welded 
pipe mill. 
Products: Steel pipes j " to I f . 
Principal sales ouUets: Bangladesh Steel & Engineering Corp. 

Khulna Industrial & Trading Corp Ltd 

Head office: Plot No. 41, Road No. 187, Khalishpur Housing Estate, Khulna. Tel: 
61181. Cables: Kitcorp Khulna. 
Management: A. K. Fazlul Huq (manager). Established: 1964. Capital: Tk 972,000. No. or 
employees: 47. Ownership: Government-owned under the control of Bangladesh Steel &. 
Engineering Corpt, Dacca. 
Works: Chandni Mahal, Khalishpur, Khulna. Tel: 3902. 5-stand 10* hand mill (annual 
capacity 6,000 tons). 
Products: Mild steel rounds and wire rod i" to f"; flats 2' and 2|". 
Principal sales outlets: Bangladesh Steel & Engineering Corp. 

Malik Re-rolling Mills Ltd 

Head office: 870-B Asadganj, Yousuf Bldg., PO Sadar, Chittagong. Tel: 81328. Cables: 
Hazarco Chitlagong. 
Management: P. N. Bhattacharjee (manager). Established: 1962. Capital: Tk I million. No. 
or employees: 88. Ownership: Government-owned under the control of Bangladesh Steel & 
Engineering Corpt. Dacca. 
Works: 193-194 Industrial Area, Baizid Bostami Road, Chitlagong. Tel: 85197. One 12* 
mill and one 9* mil! (stand-by) (annual capacity 7,500 tons). 
Products: Mild steel rounds and wire rods ±" to 1+*; angles 2* x 2* x \", 2 f x 2 f x j " 
and 3" x 3" x |"; flats, zeds, tees. 
Principal sales outlets: Bangladesh Steel & Engineering Corp. 

Mohamedi Iron & Steel Works Ltd 

Head office: Nasirabad Industrial Area, PO Box 348, Chittagong. Tel: 84351, 
80300. Cables: Re roll Chittagong. 
Management: M. A. Taher (manager). Capital: Tk 7,266,000. No. or employees: 165. 
Ownership: Government-owned under the control of Bangladesh Steel & Engineering Corpt, 
Dacca. 
Works: Chittagong (H.O.). One 5-ton electric arc furnace (annual capacity 6,000 tons, billet 
directly cast). 
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Mohamedi Iron A Sletl Works Lid (continued) 
Products: Mild steel billets 3 f x 4 f . 
Principal sales outlets: Bangladesh Steel 4 Engineering Corp. 
Expansion plaits: Expansion plans, which could Include forging and heat treatment plant, arc 
under study. 

National Iron & Stool Industries 
Head office: 13 Mehdibagh Road. PO Box 334, Chittagong. Tel: 84786. Cables: 
Balehoop Chittagong. 
Management: Quazi Akramuddin Ahmed (director, general manager). Capital: TV 
7.974,000. No. or employees: 133. Ownership: Government-owned under the control of 
Bangladesh Steel & Engineering Corpt, Dacca. 
Works: Heavy Industrial Area. Katurghat, Chittagong. Tel: 84786. One 12" and one 14" 
automatic mill and one baling hoop stand (annual capacity 12,000 tons). 
Products: Baling hoops 1" x I6g. }" x 20g. Mild steel rounds (including deformed) and wire 
rod I", +" and i*. 
Principal sales outlets: Bangladesh Steel & Engineering Corp. 
Expansion plans: Electric arc furnace was proposed under the 1st five-year plan (1973-77). 

New Era Steel Mil ls Ltd 

Head office: Dost Bldg., Opp. GPO. Chiitagong. Tel: 82149. Cables: Castings. 
Management: M. H. Kabir (general manager), S. B. Sengupta (senior commercial officer). 
Established: 1930. Capital: Tk 17.00.000. No. of employees: 180 (works); 43 (office). 
Ownership: Govemmem-owned under the control of Bangladesh Steel & Engineering Corpt, 
Dacca. The New Era group consists of: New Era Steel Mills Ltd (steel re-rolling). New Era 
Metal Industries Ltd (ferrous foundry and sheet metal works) and New Era Trading Co Ltd 
(trading concern). 
Annual capacity: Rolled steel 12.000 tons. 
Works: 219-222 Industrial Area, Nasirabad, Chiwagong. Tel: 80378-9. Works director: 
Nurul Hoque. Rolling mills: Bar mill with one 7" and one 11" stand (annual capacity 12,000 
tons). 
Products: Mild stce! rounds i" to l i* dia. (output in 1975-76, 3,333 tons). 
Principal sales outlets: Bangladesh Steel & Engineering Corp. 

Prince Iron & Steel Industries 
Head office: 2b Bangabandhu Avenue, Dacca. Tel: 251532, 820082. Cables: Prinsteel 
Dacca. 
Management: M. A. Mazumder (manager). No. of employees: 76. Ownership: Government-
owned under the control of Bangladesh Steel & Engineering Corpt, Dacca. 
Works: Prince Abad. Mirpur. Dacca. Tet: 382312. One 8" and one 10" mill (annual capacity 
10,800 tons). 
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Prince Iron A Sitel Industries (continued) 
Products: Mild steel rounds *" to U \ flats *• x +• to I f x +", angles 1" x I" to 2" x 4", 
channels ? " x J" x f , half rounds f x I**. xeds j ' s l ' x ,". 
Principal tales outlets) Bangladesh Steel & Engineering Corp. 

Quraishi Steels Ltd (QSL) 

Head office: Ali Court, 17 Hazi Mohsin Road. Khulna. Tel: 4321. Cablti: Sairisteel. 
Established: 1969. Capital: Tk 20,00.000. No. of employees) 73 (works); 43 (office). 
Ownership: Government-owned under the control of Bangladesh Steel & Engineering CorpT, 
Dacca. 
Annual capacity: Rolled steel 12,000 tons. 
Works: Labanchora, Khulna. Tel: 4806. Rolling mills: Semi-automatic 15" (annual capacity 
12,000 tons). 
Products: Mild steel rounds and wire rods—fr", f , f , f . i", f and 1". 
Principal sales outlets: Bangladesh Steel & Engineering Corp. 

Rahman Metal Industries 

Head office: 403/404 Tejgoan Industrial Area, Dacca. Tel: 3 11351. 3 10445. Cablet: 
RahmanmetaJ. 
Management: A. M. M. Faruk Chowdhury (director, general manager). Capital: Tk 
1,603,000. No, of employees: 172. Ownership: Government-owned under the control of 
Bangladesh Steel & Engineering Corpt, Dacca. 
Works: Dacca (H.O.). One 10" mill (annual capacity 10,800 tons). 
Products: Mild steel rounds f to 1" and flats 1 j " x f , 2" x f , 2" x ,'/. 
Principal sales outlets: Bangladesh Steel & Engineering Corp. 
Expansion plans: An electric furnace was planned under the 1st five-year plan (1973-77). 

Sino-Bangladesh Industrial Works 

Head office: 39 Baizid Bostami Road, Chittagong. Tel: 86206. 
Management: Abdul Hai (administrator). Capital: Tk 350,000. No. of employees: 37. 
Ownership: Govemment-owned under the control of Bangladesh Steel & Engineering Corp+. 
Dacca. 
Works: Chittagong (H.O.). Rolling mill (annual capacity 1.500 tons). 
Products: Mild steel—flats }" x ,>,» and f x {"; rounds \". 
Principal sales outlets: Bangladesh Steel & Engineering Corp. 

INDEX to companies includes cross-references to companies whose names have changed 
in recent years, divisions which are listed in the main part of the book under their parent 
companies, etc. 
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The Ahmedabad Advance Mills Ltd 
Matals & Special Alloy Stsels Divisions 
Head oflieei 24 llomi Moily Street. Bombay 400023. Teh Bombay 259131. Telex: 011 
2618 and 2731. Cables: Amcrctut Uombay. 
Management: E. R. Gonda (general manager), M. P. Mahudawala (finance and adminis
tration manuger), S. V. Datar (factory manager), L. K. Singhal (chief metallurgist), S. M. 
Sanjana (assistant sales manager), P. V. Sckar (chief engineer), M. K. Ghosh (quality control 
engineer). Established: 1968. Capital: Rs 18,700.000. No. or employees: 450 (338 works, 
112 office). Subsidiaries: None. 
Annual capacity: Rolled steel 15,450 tons. 
Works: Station Road, Navsari 396445. Tel: Navsari 631 and 387. Telex: 017 281. General 
manager: E. R. Gonda. Rolling mills: ZR-33 13" Sendzimir mill (annual capacity 10,000 
tons); ZR-33 19" Sendzimir mill and 2-high/4-high cold mill (5,450 tons). 
Products: Stainless steel strip (output in 1976, 967 tons), high-carbon and high-carbon low-
alloy steel strip (614 tons), medium-carbon steel strip (3,352 tons), soft magnetic iron strip 
(trial quantity), extra deep drawing and deep drawing quality rruld steel (1,771 tons), high 
speed steel strip (trial quantity), cold rolled non-grain oriented silicon steel strip (trial 
quantity). Products available in following sizes: 10 to 450mm wide, 2-5 to 0-05mm thick. 

Ahmedabad Steelcraft & Rolling Mills Pvt Ltd 

Head office: Gupta Chambers, O/s. Sarangpur Gate, Ahmedabad. Tel: 51639, 
51721. Cables: Steelcrart. 
Management: M. K. Jhaveri (managing director). Established: 1960. Capital) Rs 50,00,000. 
No. of employees: 150 (works); 25 (office). Subsidiaries: Gujarat Bright Bar Industries Pvt 
Ltd, Ahmedabad (manufacture of mild steel bright bars and shaftings); Steel Distributors 
(trading concern); J. & S. Trading Co (trading concern). 
Annual capacity: Rolled steel 24,000 tons. 
Works: Odhav, Ahmedabad. Tel: 88141, 88256 and 88471. Works director: A. K. Jhaveri. 
Rolling mills: 10* and 12" 3-high tandem (annual capacity 24,000 tons). 
Products: Mild steel door and window sections (output in 1976, 5,570 tons); textile and 
automobile sections (32 tons); round bars (163 tons); square bars (92 tons); flats (50 tons). 
Brands: ASCRM (window sections). 
Principal sales outlets: At head office; also Janmabhoomi Chambers, Ballard Estate, 
Bombay. Overseas agents: Mauritius Commercial Enterprises, PB 280, Port Louis, 
Mauritius. Sinchew Steel Work Engg., Room 1224, People's Park Centre, Upper Cross 
Street, Singapore I. 
Expansion plans: In early 1977 was contemplating expansion to double the capacity in the 
near future. 

Ajanta Iron & Steel Co (Pvt) Ltd (Aisco) 

Head office: 1439-40 Loni Road. Delhi 110032. Tel: 202206, 202524. Cables: lronsteel. 
Management: Directors: H. C. Daga (executive), A. K. Thirani, R. L Thiraru. J. K. Daga, 
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AJania Iron A Stttl Co (Pvi) Ltd (continued) 
Rama Devi Daga. Sarla Devi Dagn. Established! 1947. Caplult Rs 12,00,000 (paid up). No. 
or employees: 500 (400 works. 100 olTice). Subsidiaries: None. 
Annual capacity: Rolled steel 13,000 tons. 
Works: Delhi (H.O.). Rolling mills: 10"/I6" mill and 8-/10" mill (annual capaciiy 13.000 
'..vis! Other plan:: Foundry. 
Products: Rounds and bars up to 32mm; flats up to 100 x 40mm; railway track fittings such 
Bi debars, cotters, keys, loose jaws, screw spikes, dog spikes, rail anchors, etc.; cusl iron 
pipes and fittings. Output for year ended 31st March 1976: 5,144 tons of rolled products; 
3.641 tons of cast products. Brands: Aisio. 

Ajanta Tubes Ltd 

Head office: L-20 Connaught Place, New Delhi 110001. Teh 43116, 40544. Telexi 
3102 nd. <"»W«s: Ajanta Pipe. 
Management: '. R. Jain (managing director), S. K. Jain (works director), G. D. Gupta 
iecrei.T\\ S. C. Gupta (technical manager), R. K. Jain (sales manager). Established: 1973, 
Capital: Authorised: Rs 2.00,00.000. No. of employees: 400 (works); 23 (office). Ownership: 
Public limited company. Subsidiaries: None. 
Works: Hapur Road, Jain Industrial Estate, Ghaziabad (Uttar Pradesh).Tel: 159, 160, 251, 
252, Works director: S. K. Jain. Tube and pipe mills: One ERW for pipes f" to 3" (annual 
capa; '.y 12.000 tons), one ERW for pipes 4" to 12" (60,000 tons). Other plant: Continuous 
p-.pe gaAar.izmg plant, 4" to 8" (24.000 tons). 
Products: Black and galvanized ERW pipe, plain and threaded, from 15 to 300mm n.b. 
Brands: Ajanta. 
Principal sales outlets: Head office address; also 29 Strand Road, Calcutta 700001; 65 
Scrnbadoss Street. Madras 600001; 202 Churchgate Chambers, Near Marine Lines, 
Bombay 400020. 

Amrit Steels Ltd (ASL) 

Head office: POB S3. Amir Nagar, G.T. Road, Ghaziabad (Uttar Pradesh). Tel: 852301. 
S532"^, 85 3",6G. 852363. Cables: Amritsteel Ghaziabad. 
Management: Directors: Vijay Kumar, Ashok Kumar, Swatantra Kumar, Naresh Kumar 
Bajaj, Devi Prasad Kanudia, Dinesh Kumar Jain, Tulsi Prasad Khaitan. Established: 1972. 
Capital: Rs 20 million. No. of employees: 80 (60 works, 20 office). Ownership: Public limited 
company. Subsidiaries: None. 
Annual capacity: Rolled steel: 50,000 tons mild steel billets. 
Works: Ghazibad (HO.). Steelmaking plant: Two 10/12-ton SSKD-320 electric furnaces 
(annua; capacity 25,000 tons each). Continuous casting machines: One 2-sirand for billets 
i'JO. x 100 mm (50,000 tons). 
Products: Mi'.d steel bars (no production in 1976). 

Andhra Steel Rolling Mills 
Head office- : : - : - : : Pathergatty, Hyderabad 500002. Andhra Pradesh. Tel: 
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Andhra Steel Rolling Mills (continued) 
Management: Partners: Sunder Mai (senior), Mukund Lai (managing), Arrrit Lai, Mad Hu 
Sudan. Established: 1970. Capital: Rs 10 lakhs (approx.). No. of employees. 100 (works); 10 
(ortice). Ownership: Shivdatrai Sunder Mai & Sons. Subsidiaries: None. 
Annual capacity: Rolled steel 16,000 tons. 
Worki: Steel Mills Road, Guntakal. Tel: 296. Works director: Mukund Lai. Rolling mills: 
One 8" mill and one 12' mill (annual capacity 16,000 tons). 
Products: Mild steel: Rounds 6mm, 10mm, 12mm, 16mm, 20mm; angles 20 x 20 x 3mm, 
25 x 25 x 3mm, 30 x 30 x 3mm, 35 x 35 x 6mm, 50 x 50 x 6mm; fiats 12 :< 3mm, 20 x 
3mm, 25 x 3mm, 30 x 6mm, 25 x 6mm, 50 x 12mm, 50 x 16mm, 53 x 12mm, 53 x 
16mm, 47 x 16mm, 45 x 12mm; squares 10mm, 12mm, 16mm, 20mm; octago.nals 30mm. 
35mm; taper Oats, several sizes. 
Expansion plans: Coiling facilities were planned for 1977 

Apeejay Steels Pvt Ltd 
(Proprietor* of Aaron Steel Rolling Mills) 
Head office: Tanda Road, Jullundur City (Punjab). Tel: 73302. Telex: 038 204 apj 
jl. Cables: Apeejay. 
Management: Directors: Stya Paul, C. M. Kohli, D. C. Kochar, Vijay Gupta. Established: 
1957. Capital: Authorised: Rs 2,500.000. Paid up: Rs 1,500,000. No. of employees: 250 
(works); 30 (office). Subsidiaries: None. 
Annual capacity: Raw steel 21,600 tons; rolled steel 17,000 tons. 
Works: Jullundur City (H.O.). Works director: C. M. Kohll. Steclmak-.ng plan: Two direct 
arc electric furnaces—one 4-ton (annua! capacity 9,600 tons) and one 5 ton 112,000 tons). 
Rolling mills: 1-stand 3-high 450mm mill in combination with 5-s'.and 3-high 250mm mill; 4-
stand 3-high 200mm mill; 150mm mill. Other plant: Foundry specialising ir. steel valves; 
non-ferrous foundry. 
Products: Reinforcing rounds, 10 to 56mm dia.; ferrous and non-ferrous valves. 

Apollo Tubes Ltd 
Registered and Central Office: Allahabad Bank Bldg., 17 Parliament Street, New Delhi 
110001. Tel: 310076, 310014 and 312723. Telex: 03! 252! bstubes nd. CablestTube-
makers. 
Management; A. P. Kanwar (managing director). Established: 1973. Capital: Authorised: Rs 
10 million. No. of employees: 450 (works); 50 (office). Subsidiaries: None. 
Works: Ranipet 632403 (Tamil Nadu). Tel: Ranipet 758. Telex: 041 659 madras. Cables: 
Apollo RanipcL Works manager: P. R. Antony. Plant for production of black and 
galvanized tubes (annual capacity 56,000 tons). 
Products: Steel pipes and ubes, black and galvanized, f" to 4" (output in 1976, 11,793 tons; 
1976 was first year of production). 
Principal sales outlets: Principal sales and marketing offices in India: 147 Mount Road, 
Madras 600006; 17 Parliamert Street, New Delhi 110001; Hoechst House, Nariman Point, 
Bombay 400021; 17 Bra^-urne Road, Calcutta 700001; other branches/depots at 
Bangalore, Vijayawada and Secunderabad. Overseas: Raunaq Internationa. Ltd in UK, 
USA, Iraq and Hong Kong. 
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Bagri Steel Industries Pvt Ltd 

Head office: 139 Biplabi Rash Bchari Bnsu Road. Calcutta 700001. T«lt 22 4255, 22 4256, 
22 b'ri. Telex: 02! 332S. Cablei: Bagristore Calcutta. 
Management: LVectors: B. D. Bagri (managing). P. R. llngri (executive), t . D. Bagri (non
executive). Jamuna Devi Bagri (non executive). Esiabliihedi I960. Capital) Authorised: RJ 
13.000,00. No. of employee*: 114 (works); 25 (office). 
Works: Tetultolla. B.T. Road. Calcutta 58. Tel: 38 1136. Works manager: G. D. Joshi. 
Products: A!i speciScations of bright steel bars and shaftings in drawn, turned and ground 
condition, siws from j " to 10" dia. 
P.-mcipal sales outlets: Ai head office address; alio Ram Enterprises, 7 Sixth Main Road, 
Raja Anna-ma^mi-iim. Madras 28; 82/5 Bombay Samachar Marl , Bombay 400001. 
Cspansion plans: Lxpansion of centrales* grinding facilities is planned. 

Balia R a i n b o w Ispa t Ltd—see Rainbow Steels Ltd 

Balu Ram Harnam Dass Steel Rolling Mills 

Head office: MJ.-IJI Gob.r-.dstarh. Punjab. Tel: 28 928. Cables: Sled King. 
Mmi . tnun i i Hukam c-isrd (proprietor). V. K. Dhiman (sales and purchasing manager). 
lis:aSished: '.'>?5. No. of employees: 60 (works); 15 (office). Ownership: Proprietory 

V " j : > : c.t;«.u-;!>: H. •_' V . T ! 13,000 tons. 

vvor: • X:.:••••• • . . Or.-; ".'J" and one 18" (annual capacity 13,000 tons). 
Products: H-.vus -lyi-js 25 ro 200mm (light section can be rolled to order); heavy flats, 
t-_;s.".->i : :o " m m , width up to 200mm; squares 10 to 73mm. 

Bharat Steel Tubes Ltd (BST) 

Head office:.Vaha^aci Bank, B'Jg.. 17 Parliament Street. New Delhi 110001. Ttlt 310014. 
33357! and 3a-f<-;. Telex: 2521 bstubes. Cables: Tubemakers New Delhi. 
Management: D:.e.:?rs: Raunaq Singh (managing), Harbani Singh Mehta, Jamshed 
:w.--j." ' . \ ' j . i . ...:... Rjmc'mar Thakur, Lakshrru Chand Jain, Prem Nath Sahni, K. P. 
Mai-ram, S P. H:w a. On'*.•_' S - c h Kanwar, Swaran Singh Kanwar, Nelson Dhnie! Abbey 
'. S \ , >:;;• .-. v-. .- . . • :_s v Excesses: H. R. Shiv (vice president, foreign sales), G. 

-> •• . i : , ' : . i .;•• .'• .-,•.•_• ..• ...... :-:\.>r:> experts). Established: 1962. Capital: Authorised: Rs 
...v V . :.,..-.•_ :•„•.: ,..-.crimed: Ks 2.91,02.000. No. of employee*: 1.375. 

w . T . t .• .,....• •;•...-.. .i-.p :.••: 5 \ 5S. 5». 60, Works director: K. V. Ramaseshan (vice 
?•-. j .-.•.: :•..?•„• . i - : !•:•.• rr..s. URW tube and pipe (annual capacity 144,000 tons). Other 
;• .'.:•:.. :•;:•: ^.t.v.ui..' -..; plan:. 
Products: V.iid « e i HRW ppes and tubes—black and galvanized conforming to IS1, BSS, 
D I N and API specifications. Nominal bore sijes: ISmm, 20mm, 25mm, 32mm, 40mm, 
SOmm, 63mm, 80mm. !00mm. 123mm anil 130mm. Output for 1975-76. 49,333 ions. 
Principal sales outlets: 15th Floor, Hoeehst Hoise. Nariman Point, 193 Baekbay Reclama
tion. Bombay; Mukherjec Bldg., 17 Biptabi 1 ailakya, Maharaj Saranec, Calcutta; Raji 
Bldjs., 3rd Floor, 147 Mount Road, Madrai; Kesar Bhavan, Station Road, Jaipur; 2nd Ravi 
Chamber, 2nd Floor, Near Relief Cinema, Salapas Cross Road. Ahmedabad; 2097 Shastri 
Marg, Ra.pura; Brindavan Gardens, Ghanabad. 
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Bhartia Electric Steel Co Ltd 

Head office: 8 Anil Maiira Road. Calcutta 700019. Tel: 47 7761. Teles: 021 7174 
bhartia ca. Cables: Slelectro. Registered and marketing office: 7 B&C. Poonam, 5/2 Russel 
Slreet, Calcutta 700071. Tel: 24 9417, 24 1191. Telex: 021 2847 bhartia cu. Cab'cs: 
Cnslshnpvs. 
Management: O. P. Tantin (director), A. K. Tantia (direclor), J. P. Chowdhary (executive 
director), S. M. Batra (executive director), V. S. Tambe (executive director). P. K. Sandell 
(general manager). Established: 1922. Capital: Authorised: Rs 10 million. Subscribed: Rs 9 
million. No. of employees: 2,000 approx. Ownership: Public limited company. 
Works: Calcutta (H.O.). Works director: A. K. Tantia. Sleel plant (annual capacity 15,000 
tons). 
Products: Plain carbon and low-alloy steel ingots—2^", 4", 6", 9". 12" and 16" sq.; also 
high-speed bogies for railways; marine and defence castings of any description, up to 
10,000kg each. 
Additional Information: Foundries at Calcutta (12,000 ions/year) and at Faridabad (3.000 
tons). 

Ch. D e w a n Chand Dhanpat Rai Bhatia 
Steel We-Rolllng Mills, Foundry & Engineering Works 
Head office: Mandi Gobindgarh Dist. Patiala (Punjab). 
Established: 1946. Subsidiaries: Bhatia Steel Industries, Mandi Gobindgarh Dist. Paiiala 
(Punjab) 'see below); Kaushal Steel Rolling Mills, Amloh Road, Mandi Gobmdfwrh Dist. 
Patiala (Punjab) (see below); Gopala Steel Sales, Iron & Commission Agerv.s, Mnr.di 
Gobindjn-h Dist. Patiala (Punjab). 
Works: Rolling mills: 8"/!2" merchant mill (annual capacity 6,000 tons, single shift basis). 
Ohatia Steel Industries—8" merchant mill (4,000 tons, single shift basis). Kaushnl Steel 
Rolling Mills—8" merchant mill (4,000 tons, single shift basis). Other plant: One 20/25-lon 
cupola in foundry. 
Producui Flats, rounds, squares, angles, channels, lees. Cast rolling mill pans. 

Bhoruka Steel Ltd 

Head office: Whitefield Road, Mahadevapura PO, Bangalore 560048. Tel: 58341. Telex: 
043 646. Cables: Besteel. 
Management: S. N. Agarwal (managing director), A. C. Katiyar (works manager). S. S. 
Agarwal (commercial manager), V. B&lakrishnan (secretary and financial controller). 
Established: 1969. Capital: Authorised: Rs 1,50.00.000. Issued: Rs 80,00,200. P.ud up: Rs 
79,44.500. No. of employees: 180 (works); 134 (office). Ownership: Pub:.c limited company. 
Subsidiaries: Sister concerns: Bangalore wire rod rrull (ice below); Sicelocrc.c Consultants 
(fabricating engineers, civil contractors and consultants); Kamatakn Oxygen Ltd (oxygen 
and acetylene manufacturers). 
Annual capacity: Raw sleel 36,000 tons, 
Works: Bangalore (HO.), Stcelmaking plant: Two 10/12-ton CEC model II ar; furnaces 
(annual capacity 36,000torn). Continuous casting machines: One 2 strand for bi'.Uts 100mm 

• Bangalore wine rod mill. Four mills—20', 14", 12", and 9* (annual capacity 90,000 ions). 
Products: Mild steel and alloy ingots I ' x 9" and 7" ar I * . and billets 100mm sq. (output in 
1976, 30.836 tons). 
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Bhoruka Steel Ltd(continued) 
Principal sales outlets: 45/1A Mulhumari Chelty Street, Madras I (Tamil Nadu); 324 
Avanashi Road. Coimbatore (Tamil Nadu); T.D. Road. Ernakulam. Cochin 11; 8/S3 Silk 
Street, Calicut (Kerala); Poona Street, Bombay; Minister Road, Secundcrabad; Marupalli 
Chiity Street, Office Road, Vijayawada (Andhra Pradesh); 14 Sub Jail Road, Trichirappalli 
8 (Tamil Nadu). 
Expansion plans: Continuous mill and coiling facilities at Bangalore wire rod mill. 

Bihar Alloy Steels Ltd (BASL) 

Head office: HuJIey House. Old Hazaribagh Road, Ranchi 834001 (Bihar). Tel: 
:3 i : i . Tele*: 0:4 ; :? . Cables: Bus!. 
Management: H C. Jam (managing director), P. D. Daga (president, finance), R. A. Bhuroria 
tprcsicent. administrationX S. N. Agarwal (marketing manager), N. Mohan (chief 
rr.cu: '.ur ŝi.-. A S.irkar (superintendent, rolling mill), S. Sengupta (superimenden', steel melt 
iv-L't . S i- Lo'na -.supenntendent, forge shop), M. S. Buxi (superintendent, mechanical main-
:.•-.:• ;•-••, P S hi.rv.i (superintendent, electrical maintenance). Established: 1975. Capital: 
Sis i'X1 m.llion :ota. investment. No. of employees: 1,400. Ownership: Public limited 
company. Subsidiaries: None. 
Annual capacity: Raw steel 70,000 tons; rolled alloy steel 50,000 tons. 
Works: Pairatu (DT.) Hazaribagh. Tel; 40, 50, 51 and 73. Tdex: 223 bast ri. Steelmaking 
plan:: Two 324 ton L'HP electric arc furnaces (annual capacity 70,000 tons liquid steel). 
Continuous casting machines: One 2-strand bow type. Rolling mills; Morgardshammar type 
medium spied bar and wire rod mil! (60,000 tons). Other plant; 1,200/1,400-Ion draw-down 
type two column forging press with rail bound manipulators. 
Products: Carbcn engineering, free-cutting, spring, alloy engineering, boron, case-hardening, 
rstriding, oal! bearing, creep resisting, valve, corrosion and heat-resisting, plain carbon tool, 
snocn-resisting, cold work tool, hot work tool, die and high-speed steels in various grades 
covered by Indian and other international standards including BSS. SAE-AISI, DIN, 
AFNOR: ::i the form of ingots, blooms, billets (40 x 40mm to 125 x 125mm), rounds (5-5 
to t25rnm dia.). squares (10 to 80mm), flats (various ranges from 10 x 5mm to 300 x 
20mm), fc-xagons (15 to 40mm), die blocks, and wire rods (in coils 250 to 400kg). 
Principal sales outlets: Industry House, !59 Churchgate Reclamation, Bombay 400020 (Tel: 
:93S;-. Telex: 01 ! 3732 bigwali. Cables: Lucky Bombay); Birla Bldg., 9/1 R.N. Mukherjee 
R^.-, Ca.:u:ta 7W001 (Tel: 22 3476, 22 3495. Telex: 7099 juiweav ca. Cables: Bigwali 
Cic-tta); Leo Bank Bldg., 1 Parliament Street, New Delhi 110001 (Telex: 3846 bigwali nd. 
Caiss: Spearhead New Delhi); 44B 6th Cross Street, CIT Colony, Myla ore, Madras 
60X04 (Cables: Jominy Madras). 

B o k a r o S t e e l Ltd—see Sail—Steel Authority of India Ltd 

BP Steel Industries Pvt Ltd 

h.-J offUe: 3>-S4 S:on East, Bomba> 400022. Tel: 473423, 476984 and 
4a25"6. Telex: 011 3255 bipsi. Cables: Bipisteel. 
Management: Directors: Rampaul Gupta, Surindcrkumar Gupta.Establlshed: 1959. No. of 
e::\?-j>ees: S5 (works); 15 (office). 
v«orfc»: ikr-ibay (H.O.). Works director: Rampaul Gupta. Plant for cold drawing, centreless 
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BPSieel Industries Pvt Ltd (continued) 
turning and centreless grinding (annual capacity 4,500 tons). 
Products: Bright steel bars (shaftings) (output in 1976, 4,000 tons), also metal cutting 
bandsaw blades. 
Principal sales oudcts: Pannalal Sons Pvt Ltd and Bashimall Punnalall at 85 Nagdevi Cross 
Lane, Bombay 400003. 

Brindavan Alloys Ltd 
Head office Peenya Industrial Area (4th Phase), Off Tumkur Road, Peenya, Bangalore 
562140. Tel: 38254-5. Telex: 043711 balloys. Cables: I spa brind. 
Works: Bangalore (H.O.). Stcclmakingpla *: Small electric furnac: (annual capacity 18,000 
tons). Rolling mills: 10" mill. 
Products: Ingots—mild steel and cold heading, free-cutting, forging and spring qualities; 
bars. 
Expansion plans: Roughing mill and bright bar plant. 
General Information: The works started operations in June 1976. 

Bundy Tubing of India Ltd 

Head office: 11/12 North Beach Road, Madras 600001. Tel: 2!48t Ttlext 041 
301. Cables: Indiabundy. 
Established: 1970. Capita!: Is 8,750,000 (paid up share capital;. No, of employees: 28 
(works); 14 (oflice). Ownership: Independent. Subsidiaries: None. 
Works: 2 GIDC Industrial Estate, Makarpura, Baroda 390010 (Gujarat). Tel: 4621-2. 
Telex: 0175 240. Works director: A. P. Mahadevan. Tube and pipe mills: Plant for 
production of Bundyweld tubes. Strip coating lines: Electro copper plating plant (annual 
capacity 1,400 tons). 
Products: Bundyweld tubes or double-walled copper-coated steel tubes in plain condition and 
in outside tin-coated condition: ,V o.d. x 0-028" wall thicknesss, |" o.d. x 0-028" wall 
thickness,,', * o.d. x 0-028" wall thickness, f" o.d. x 0-028" wall thickness, 6-00mm o.d. x 
0-71mm wall thickness, 10-00mm o.d. x 0-7!mm wall thickness (output in 1976, 
900,000m). Copper plated mild steel strip, 0-014" thick and 12" wide (plant not com
missioned in 1976). 
Principal sales oudcts: T. I. & M. Sales Ltd, 11/12 North beach Road, Madras 600001, with 
branches at Madras, Bombay, Calcutta and New Delhi. No overseas sales office. 
Additional Information: The company started commercial operation in August 1975. 

Calcutta Steel Co Ltd 

Head office: Steel House, 4 Old Court House Street, 700001 Calcutta 1. 
Establish'!: Rolling Mill in 1954; Calcutta Steel took over January 1, 1960. Ownership: 
Bhartia Co Ltd. Subsidiaries: None. 
Works: B. T. Road, Khardah (West Bengal). Rolling mills: Semi-automatic wire rod mill 
comprising 4-stand 3-high and 2-high 12" roughing mill; 6-stand 2-high alternsu: 10" inter-
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Calcutta Sleel Co Lid (continued) 
mediate ml!!; 4 stand 2 high 10* continuous finishing mill with lour coilers for automatic 
caung witn chain conveyors Tor cooling and transporting. Bar mill unit comprising 4-stand 
3 high 14" roughing and finishing mill, intermediate 2-stand 2-high 12" continuous mill, 4-
stanc! 2-high alternate 12" semiautomatic finishing mill. Joint annual capacity of wire rod 
mill and bar null 31,000 tons per shift 
Products: Wire rods 3-3 to 10mm in low, medium and high carbon sleel, in coils up to 90kg; 
flats; squares; octagonals; rounds 10 to 30mm; narrow and medium strip; deformed bars, 
grip bars and reinforcing bars; special and alloy steel sections such as silico-manganese and 
other spring steel flats, etc. 

Canara Steal Ltd 

Head office: Industrial Area, Baikampady, Mangalore 373010, South Kanara. Tell 1403 
and 8465. Cables: Cansieel. 
Management: V. S. Bhandary (managing director). Established: 1973. Capital: Ra 
; 2.600,000. No. of employees: 100 (works); 20 (office). 
Annual capacity: Raw steel 18.000 tons (ingots), 3,000 tons (steel castings). 
Works: Baikampady (H.O.). Steelmaking plant: One 10-ton electric arc furnace (annual 
capacity 18,000 tons). Other plant: Steel foundry. 
Products: Mild steel ingots. 3" x 4" x 34" (output in 1976,11.912 tons); steel castings up to 
S ions (108 tons). 
Principal sales outlets: Indian branch sales offices: 28/44A Periaswami Road, R. S. Puram 
P.O.. Coimbatore 2; Sukhdow Bldg,. Opp. Cine Lata. Marga-O. Goa; 9/260/261 Main 
Road, Te!licherry (Kerala); Sri Vcnkatesh Bldg., Bunder, Mangalore 373001. 
Expansion plans: To produce grinding media steel balls by end of 1977, and iron and alloy 
iron castings by end of 1978. 

The Canara Workshops Ltd 
Head office: Kodialabail. Mangalore 373003. Tel: 3699. Cables: Workshops. 
Management: S. V. Kudva Jr. (managing director). Established: 1942. Capital: Rs 
S5.00.000. No. of employees: 430 (works); 60 (office). Ownership: Public joint stock 
company. 
Annual capacity: Raw steel 10,000 tons; rolled steel 50,000 tons (limited currently to 10,000 
tons). 
Works: Maroli. Mangalore 375003. Tel: 4301, 6401. Steelmaking plant: One 5-ton electric 
arc furnace (annua! capacity 10,000 tons). Continuous casting machines: One 2-strand 
Concast vertical for billets 92 x 92mm (40,000 tons). Rolling mills: Island 3-high 16" 
roughing mill and 3-stand 3-high 12" merchant mill (50,000 tons). Other plant: Iron foundry 
with melting capacity of 1,200 tons/year. 
Products: Spring steel bars EN45 and EN48. 2 f x |" to 3" x f and 40 x 3mm to 80 x 
!3mm; billets ENS. EN9, etc., 50 x 50mm to 92 x 92mm. Output in 1976. 5,000 tons. 
Brands: Canara. 
Principal sales outlets: Works address. 
Expansion plans: Adding two 10-ton furnaces by 1979. 
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Central India Iron & Steel Co 

Head office: 38 Shilnath Camp, Indore 452003 (Madhya Pradesh). Tel: 7658. 7583, 
34835. 
Management: Partnership concern of Lessee Kalani Udyog: H. H. Ourunani (commercial 
manager), N. M. Vyas (factory manager). Established: 1941. Capital) Rs 5,00 lakhs. No, of 
employed; 43 (works); 6 (office). Subsidiaries: None. 
Annual capacity: Rolled sled 24,000 tons. 
Works: Indore (H.O.), Bar mill (annual capacity 24,000 tons, two shift basis). 
Products: Rounds 10 to 32mm; flats 3 to 23mm thick, 23 to 100mm wide; angles 35 x 35 x 
3mm to 50 x 50 x 6mm; squares 12 to 28mm; octagonals 16 to 32mm. Output in 1976, 
bars (rounds, squares and ocugonals) 2,018 tons, flats IJ 76 tons. 

Chase Bright Steel Ltd 

Head office: Meher Chambers, Nicol Road, Ballard Estate, Bombay 400038. Ted 
268941-4. Tekxi Oil 3472. CaWesi Chajeitecl. 
Management: Directors: R. R. Ruia (chairman), A. K. Jajodia (managing). S. L. Jajodia, R. 
K. Hegde, S. K. Jajodia. K. P. Khaitan, D. S. Dahanukar. Established! 1959. Capital: Rs 
60,00,000. No. of employees1130 (works); 64 (office). Ownership: Public limited company. 
Approx. number of shareholders is 3,000. Subsidiaries: Indian Bright Steel Co Ltdt 
(manufacture or bright steel bars and shaftings; the licensed eapacity is 5.400 tons/year); 
Chase Overseas Ltd (spedalises in exports or various products—steel items, fish products, 
etc.; also engaged in setting up a plant for bright steel bvs and shaftings in the area of 
Aurangabad). 
Annual capacity! Rolled steel 42,000 tons (bright bars). 
Works: Cold drawing, turning and grinding plant for bars. 
Produeui Bright steel bvs and shaftings of various specifications (British, German and US 
standards) from 6 to 80mm and above (output in 1976, 14,983 tons). 
Principal sales outlets i Flat No. 10, 2nd Floor, Kohinoor, 105 Park Street, Calcutta 700016; 
72 Janpaih, New Delhi 110001; 24 Industrial Estate, Ambattur, Madras 600058. 

Choksi Tube Co Pvt Ltd 

Head office: 113 Bejaj Bhavan, 11th Floor, Nariman Point, Bombay 400021. Tel: 233397, 
234078. 234198. Telesi Oil 3947. Cablcst Tubechoksi. 
Management: H. H. Choksi (chairman, managing director), S. H. Choksi (director, sales), H. 
J. Bakshi (chief accountant), J. U. Hiranandani (manager). Established: 1962. Capital! Rs 
1.20,00,000. No. of employees: 105 (works); 15 (office). 
Works: Plot No. 60A, Vatva Industrial Area, Vatva, Ahmedebad. Tel: 877070-1. Telex: 
012 461. Chief works executive: Surjit Singh. Tube and pipe mills: Three stainless steel mills 
(annual capadty 840 tons). Other plant: Four draw benches, tube drawing machines. 
Products: Stainless steel welded tubes 2 f o.d x 35mm wall thickness to f o.d. x 0-8mm 
wall thickness; stainless sted capillary lubes from 15mm o.d. x 0-7mm wall thickness to 
05mm o.d. x 01mm wall thickness, both in coils and straight lengths. Brandsi CT. 

LATE NOTES at back of book cover late entries, revisions and new projects. 
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Damehra Steels & Forgings Pvt Ltd 

Head office: P-35 India Exchange Place. Calcutta 700001. Td: 22 0781-2. Tden 021 
73IX CaMcsn Damehra. 
Management: R. P. Mehra (managing director), R. S. Mehra (director), S. P. Mehra 
(director). J. K. Mehra (director), M. P. V. Nair (chief executive). listahlUhed: 1963. Capital: 
Paid up: Rs 12.06.000. Authorised: Rs 20,00,000. No. of employees: 150 (works); 25 
(officeX 
Annul capacity: Rolled sted 23,000 tons. 
Works: Timber Pond. Shalimar. Howrah (Td: 67 4164) and G.T. Road. Howrah (Tel: 66 
4695). Works director: Mahesh Kr. Mehra. Plant for production of bright steel shaftings 
(annual capacity 23.000 tons). 
Products: Bright steel shaftings/bars (all EN Series and to American specifications) ranging 
from 6mm and up—squares, hexagonals and flats. 

Delhi Iron & Steel Co Ltd (Disco) 
Head office: G.T. Road. PB 7. Ghaziabad 201001. Tel: 85 2016,2126. 2359. Telex: 031 
39SS disco. Cables: Disco Ghaziabad. 
Management: Swatantar Kumar, Ashok Kumar, Rajinder Nath, Vijay Kumar. Established: 
1939. Capital: Rs 20,00.000. No. or employees: 240 (200 works, 40 office). Ownership: 
Public limited company. Subsidiaries: None. 

Attention Importers of 
STAINLESS STEEL TUBES 

fVe offer you a better deal 11 
To earn foreign exchange fcr our Government, we export tubes at 
concessional prices. 
We have Two Plants Producing: 
1 Stairless Steet Tubes in all Austenitic Grades in the sije range from 6 mm to 

t>3 rr-rri OD in wait thickness from 0-8 mm to 3-25 mm, in welded, Cold-drawn, 
Annealed, Pickled and, if required, outside bright polished finish. 
We specialize in heat exchanger tubings. 

2 Stainless Stce! Capillary Tubes in all Austenitic Grades but primarily in Type 
304 in thr size range from 0-4 mm OD to 15 mm OD in wall thickness from 
C-l mm, to 0-7 mm. in Welded, Cold-drawn and Bright Annealed finish, both 
in coils as well as straight lengths. 
We specialize in stainless steel capillary tubes for Hypodermic and Injection 
Needles. Car Radio and T.V. Antennae, Precision Instruments and Mini 
Heat Exchangers, and Fountain Pen and Ball Pen Bodies. 

Please let us have your enquiries:* 
CHOKS1 TUBE COMPANY LTD 

Bajaj Bhavan, 11th Floor. Nariman Point, BOMBAY-400021 (India) 
Telex: 011-3947 AB Code: CTCLIN Cables: TUBECHOKSI 
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Delhi Iron &. Steel Co Lid (continued) 
Annual capacity) Rolled ited 42,000 tons. 
Worki: Mills for re-rolling billets (annual capacity 27,000 tons) and reusable scrap (15.000 
tons). Plant for wire (15,000 tons), bright bars (12,000 tons) and iron castings (1,250 tons). 
Products: Re-rolled products (from billets) (output for year ending 31st March 1976, 4,122 
tons), re-rolled products (from scrap) (2,040 tons), wire (1,963 tons), iron castings (190 tons), 
bright bars, etc. 
Principal sales outlets: 4/4B Asaf Ali Road, New Delhi; 27B Textile Colony, Industrial Area. 
Ludhiana; 23A Netaji Subhash 5th Floor, Calcutta: Warden House, 1st Floor, S.P. Mehta 
Road, Fort, Bombay. 

Delhi Steel Rolling Mills 

Head office: Loni Road. Ram Nagar, Shahdara, Delhi 110032. Tel: 2)2121, 214212. 
Management: Ashok Kumar, Kirshan Lai, H. R. Chawla. Established: 1939. No. of 
employees: 125. Ownership: Partnership. 
Annual eapadty: Rolled steel 6,000 to 7,000 tons. 
Works: Shahdara (H.O.). Rolling mills: 5-stand 300mm mill, 5-stand 250mm mill, and 5-
stand 200mm mill (annual capacity 6,000 to 7,000 tons). Other plant: Foundry for sanitary 
pipes and fittings (1,000 tons); plant for fabrication of railway track products. 
Products: Mild steel bars 6 to 40mm; angles 20 x 20 x 3mm to 65 x 65 x 6mm; tees 20 x 
20 x 3mm to 75 x 75 x 10mm; flats 20 x 3mm to 150 x 16mm; special sections, viz. F-4B, 
F-7, T-2, and T—4, usually required for doors and ventilators; cast iron pipes and fittings; 
castings for rolling mills; machinery parts, etc.; railway track, tie bars, round spikes, screw 
spikes, etc. Output in 1976, 4,500 tons. 

Electrosteel Castings Ltd 
Head office: 4 B.B.D. Bag (East), Calcutta 700001. Tell 23 4071. Telex: 3112. Cablest 
Grindmedia Calcutta. 
Established: 1958. Capital: Rs 80,00,000 (share capital). No. of employees: 797 (works); 60 
(office). Ownership: Public limited company. Subsidiaries: None. 
Works: PO Sukchar, DisL 24 Parganas (West Bengal). Tel: 58 2958, 2987. Steel foundry 
with two 4-lon and two 5-ton arc furnaces and one 1-ton induction furnace. Five cupolas. 
Products: Cast iron spun pipes (output in 1975-76, 47,790 tons), steel castings (636 tons), 
alloy steel grinding media (11,854 tons). 

Ennore Steel Enterprise (P) Ltd—see Indo Japan Steels Ltd 

Firth (India) Steel Co Ltd (Fisco) 
Head office: Plot No. F-3. Road No. 22, Wagle Estate, PB No. 322, Thana 400604 
(Maharashtra). Tel: 591342-3. Telex: 0U 2389. Cables: Firthsteel. 
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r.'•;.': (!nd\i! Sftvt Co Ltd(corrtnui\!) 
Management.: 1. M. Pai (managing director), K. N. Saniant (executive directoi), K. A. 
Shcno> (general manager). Established: 19t>3. Capital: Paid up: Rs !3 million. No. of 
employees: 380 (wcrO; ('5 loflice!. Ownership: Public limited company. 
Annual capacity: Roiled s'.ee! 6.000 tons. 
Works: Thana (H.O.V Works manager: H. L. Nar.Jurkar. Rolling mills: One 7 stand 3-hik'Js 
cross-count.-v mill (annua! capaeitv 9.000 tons). 
• 40 MtDC H:rgna Road. Nagpur 440016 (Maharashtra). Tel: 23620. Telex: 0715 260. 
Works manager: N. R. Roy. Steelmakini; p'ant: One 5-ton electric arc furnace (annua! 
;a?ac:ty 6.000 tons1. Refining p'art: Two 330kVA electro slag Kilning units (1,800 tons). 
Ro'.'.:ng mills: Or.e .-stand 3'high billet mill (18,000 tons). 
Products: Turcsten a:v molybdenum high speed steels, ball-bearing steels, tool steels, die 
>•.;;'>. '•.' •.; v.ee.s, al!.n encince-ir.g steels. Ir. rounds, squares, hexagons, flats, triangles, etc.; 
:v ;J. .T..A-, c: eentreiess ground; s:ze range 3 to 32mm. Output in 1976, approx. 2,000 
'..' :*-s 
Principal sales outlets: 4th Floor, 45/47 Bombay Samachar Marg, PB 10063, Fort, Bombay 
430023. 

Sri Giridhar & Co 
Head office: 20 Tarachand Dutt Street, Calcutta 700073. Tel: 34 5596, 34 2237. Cables: 
H jmerule. 
Management: Partners: S. K. Sanganeria (sales and purchase executive), R. K. Sanganeria 
.iL-i.'.r-.̂ a! executive). G. K.. Sanganeria (ri.nance and legal matters). Established: 1964. 
Capital: Rs 10 lakhs. No. of employees: 20 (15 works, 5 office). Ownership: Partnership 
under Incian Partnership Act, !S>32. Subsidiaries: Maruti Industries (agents for dealers in 
iron and steel goods). 
Works: 2 Iswar Chatterj: Road, Sodpur, 24 Praganas (West Bengal). Tel: 58 1183. Works 
erector: Joe Barge. Cold drawn bright bar plant; centreless grinding machine; continuous 
wire d-awir.g and galvanizing plant; non-ferrous smelting plant. 
Products: Mild steel bright bars (squares, flats and hexagons) and shafting from 10 to 50mm; 
hard bright wire xnd annsaled wire, from 4 SWG to 20 SWG; galvanized wire, from 4 SWG 
to 20 SWG; tin metal, non-ferrous allays. Brands: Sun. 

Gogte Steels Ltd (GSL) 

Head office: Nirrnal, 15th Floor. Nariman Point, Bombay 400021. Tel; 290916 and 
316308. Telex; 0 U 3207. Cabin: Jeeesel. 
Management: Subir Sen (managing director), S. Natarajan (manager, commercial and 
finance), M. R. Jos hi (purchase manager). Established: 1973. Capital: Rs 30 million. No. of 
employees: 335 (300 works, 35 office). Ownership: Public limited company with Govern
ment participation of 26%. Subsidiaries: None. 
Annual capacity: Raw steel 42,000 tons. 
Works: MIDC Industrial Area, Tarapur. Boisar, Western Rly. Tel: 240, 243-5. Telex: 0132 
2026. Works manager: H. P. Waikar. Steelmaking plant: Two 13-ton electric arc furnaces, 
type SSKD-340 (annual capacity 50,000 tons). Continuous casting machines: Two 2-strand 
Concast for billets 100 x 100mm (50,000 tons). 
Products: Billets—100 x 100mm, in high-carbon grade suitable for wire drawing or forging 
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Gogie Sieeli Llil (continue.:) 
(1976 was liist year of production). 
Expansion plans: Wire rod mill with 50,000 tons capacity (300kg coil) planned by 1980. 

Graham Firth Steel Products (Indie) Ltd 

Head office: lirsteel Compound, Western Express Highway, Gorcgaon East, Bombay 
400063. Tel: 691802. 694036. Telex: 011 4178. Ciblest Gramfirth Bombay 62. 
Management: PranJal J. Pate! (chairman). Established: 1960. Capital: Rs 28.52,500. No. of 
employees: 140 (works). Ownership: Public limited company. Subsidiaries: None. 
Annual capacity: Rolled steel 7,200 tons. 
Works: Gorcgaon East (H.O.). General manager (Tech.): R. S. Bhardwaj. Rolling mills: 4-
high 330mm cold mill (annual capacity 7,200 tons). 
Products: Cold rolled steel strip (output in 1976, 4,997 tons). 

Guest Keen Wil l iams Ltd (GKW) 

Head office: 97 Andul Road, Howrah 711103 (West Bengal). Tel: 67 4112, 67 
5228. Telex: 7319. Cables: Pointsman Howrah. 
Management: K. C. Maitra (chairman), N. Ghose (deputy chairman), T. Mathcw (director), 
P. B. Jayakumar (chief general manager, steel), R. Sikund (general manager—marketing, 
steel). Established: 1922. Capital: Rs 97-33 million. No. of employees: 2,217 (works—steel); 
187 (office—steel). Ownership: Guest Keen and Nettlefolds Ltd (58-7%). Subsidiaries: 
GKW (Overseas Trading) Ltd (primarily engaged in exporting products of Guest Keen 
Williams Ltd). 
Annual capacity: Rolled steel 135,000 tons. 
Works: Howrah (H.O.). Works director: T. Mathew. Steelmaking plant: Five electric 
furnaces—two 5-ton, one 14-ton, one 15-ton and one 20-ton (annual capacity 85.000 tons). 
Rolling mills: 21 "716" cogging mill, 16"/12"/10" bar and rod mill (60,000 tons), 16714711" 
merchant bar mill (65,000 tons), 10" mill (10,000 tons). Other plant: Bright bar unit for 
drawn, turned and ground bars (12,000 tons). 
Produets: Main products: Alloy, carbon, spring, free-cutting leaded, black and bright bars 
and special sections—output in 1976, 67,400 tens of hot rolled bars, rods and sections; 
12,342 tons of bright bars. Main sizes: Rounds 6 to 63mm (coil weight !00-I20kg); squares 
16 to 80mm; hexagons 16 to 50mm; flats 5 to !6mm thick, 25 to 120mm wide. Special 
sections: Lcck ring, flange bar, loose jaw, tank wheel and pole piece. 
Principal sales outlets: Lai Bahadur Shastri Marg, Bhandup, Bombay 400078; Jeevan Vihar, 
3 Parliament Street, New Delhi 110001; 202 Mount Road, Madias 600002. 

Gujarat Steel Tubes Ltd (GST) 

Head office: Bank of India Bldg., Bhadra, Ah-tdabad 380001, Tdt 52012-4. Tcl»i012 
266. Cablet: Stedpipes. 
Management; Board of directors: Apoorva S. Shah (chairman and managing), Mrs. Karuna 
A. Shah (managing), Navmilal S. Shodhan, Madhukant M. Thakore, Kanchanlal C. Parikh, 
Harshavadan Mangaldas, Nalin M. Shah, Dhanvanual C. Gandhi, Amolukroy G. Patel, 
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Glforot Slttl Tube* Ltd (continued) 
Ravindra M. Mehta. EstaMshed: 196a Capital: Ra 1,80,00,000. No. of employees i 1,300 
(works); 108 (office). Subsidiaries] Neeka Tubes Lldf—wholly-owned subsidiary 
(mastufactur* of tube making machinery and machining componenu; also proposed to 
produce welded stainless steel tubes from April 1977). 
Works: Kali. Near Saharmati, Ahmcdabad. Tel: 86477-9. Telex: 012 393. Works directors: 
Apoorva S. Shah. Tube and pipe mills: HF induction weld (annual capacity 106,300 tons). 
Prodactt: HF induction welded mild steel pipes (black and galvanized, plain end, screwed 
and socketed). Nominal bores: 15mm, 20mm, 23mm, 32mm, 40mm, 30mm, 63mm, 80mm, 
100mm. 125mm, 150mm and 200mm. Output in 1976, 53,732 tons. 
Principal salts outlets: Kum Kum, 30-A Peddar Road, Bombay 400026; Agurchand 
Mansion. 3rd Poor. 35 Mount Road, Madras 600002; Commerce House, 6th Floor, 2 
Ganeshchandra Avenue, Calcutta 700013; Tinson House, 2nd Floor, 54 Janpath, New 
Delhi. Principal overseas agents: C. M. Nihalani, United Agencies, POB 2212, Dubai; 
Harshandrai O. Mody. Vipsteel Ltd. Bilton House (East Wing), 52 Uxbridge Road, Ealing, 
London W5 2ST, UK; Emmanuel J. Sabella, Synco Jordan Services A Representations Co 
Ltd, POB 1168, Amman, Jordan; Peter Brandt, Rdhren- und Stahlexport Dobbertin KG, 
Kattrcpel 2. Postfach 103402, D 2000 Hamburg I. West Germany. 
Expansion plant: There are plans to produce mechanical and precision tubes, API line pipes 
and ASTM pipes within the next year or two. 

HaryanaTube M f g . Co (Pvt) Ltd 

HeadomcciDelhi Road, Hissar 123005 (Haryana). Tell2696,3697. CablesiHarytube. 
Maaaftment: C. M. Bansal (managing director). S. Rai (director), R. L. Bansal (director). A. 
L. Jain (works engineer), R. K. Rajvanshi (galvanising engineer), T. N. Dixit (electronics 
engineer), S. C. Gatg (manager, structure division), B. S. Garg (chief account officer). 
Established: 1973. Capital: RS 1 crore. No. of employees: 113 (works); 44 (office). 
Works: Hissar (HO). Tube and pipe mills: ERW (annual capacity 63,000 tons). 
Products: ERW longitudinal-weld, black and galvanized steel tubes \" to 6* (15 to 150mm) 
n.b. Brands: HTC. Harytube. 
Principal sales outlets: 2897-99 Sirkiwalan, Kishan Market. Haul Qaa, Delhi 6 (Tel: 
260111, 275335): 645 Kishan Pole Bazar, Kishore Kunj, Jaipur. 

Hindustan Steal Ltd (HSL)—see Sail—Steel Authority of India Ltd 

Hope (India) Ltd 
Ponch Ste*t% Division 
Head office: Kanak Bldg, 2:id Floor, 41 Chowringhee Road, Calcutta 700071. Tel: 24 
3449. Telex: 7988 poddar ca. Cables: Penchvale. 
Management: B. P. Poddar (managing director). G. Sridharan (executive director), P. V. 
Gangadharan (commercial manage). N. K. Agarwal (purchase manager). Established: 
1974. Capital: Rs 1,00.00,247. No. of employees: 184 (works); 33 (office). Ownerships Hope 
(India) Ltd is a public limited company. Subsidiaries: Shree Sabari Mills Lid; Carbonates 
(India) Ltd; Hope Textiles Ltd; Poddar Projects Ltd; Hope Paper Mills Ltd. 
Annual capacity: Raw steel 35,000 tons. 
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Hope (India) Ltd (continued) 
Works: PO Sahagunj, Diet. Hooghly (West Bengal). Tel: Chin surah 267. Sleelmsking plant: 
Two electric furnaces—one 10/12-ton HBB SSKD-320 (annual capscily 20,000 tons), one 
5/8-ton Biilcc model 8 (15,000 tons). 
Products: Mild steel ingots 4* x 3" (output in 1976, 1,754 tons); carbon sleel ingots 23" x 
21" to 4" x 3" (1,562 tons); spring steel ingots 9" x 8". 6" x j " , 5" x 4" (6,753 tons); alloy 
steel ingots 23" x 21" and 9" x 8" (4.16 tons); carbon steel rounds 25 to 50mm;carbon steel 
squares 100,75mm (20 ions); spring ite3l rounds 13 to 42mm (1,083 tons); spring sleel flats 
50 x 8mm to 150 x 16mm (1,152 tons); alloy steel rounds 25 to 50mm (12 tons). Rolled 
products produced on outside mills. 
Expansion plans: It was proposed to commission one 6-s(and 3 high 10" and one 4 stand J-
high 14" rolling mill before December 1977, one Island 3-high 24721" cogging mill before 
December 1978 and l-strand Concast continuous casting machine before December 1978. 

India Tube Mills & Metal Industries Pvt Ltd 
Head office: Dhiraj Chambers, 7th Floor, 9 Hazarimal Somini Marg (Waudby Road), 
Bombay 400001. Tel: 265783-5; 264411-2. Telex: 011 2173. Cablm Tubemill, 
Management: D. K. Aggarwal (director). Established: 1962. Capital: Rs 50 lakhs. No. of 
employees: 165 (150 works, 15 office). 
Works: L. B. Shastri Marg, PO Tigore Niger, Vlkhroli, Bombay 400083. Tel: 581541-3. 
Telex: Oil 2691. Works director: Brijmohan D. Aggarwal. Facilities for cold drawing, 
peeling and grinding of bright bars. 
Products! Bright steel rounds, hexagons, squares, fiats and profile bars (output in 1976,9,000 
tons). Brands: ITM (bright bars). 

Indian Bright Steel Co Ltd 

Head office: Meher Chambers, Nicol Road, Ballard Estate, Bombay 1, 
Established: 1960. Ownership: Subsidiary of Chase Bright Steel Udt (about 71%). 
Works: Ambaltur, Madras. Plant for bright steel bars and shafting by cold drawing, turning, 
cemreless grinding and surface grinding. 
Products: IBS brand—bright steel bars and shafting in mild steel, free-cutting steel, various 
EN series steels, tool and alloy steel, etc. in rounds and sections and special sections 
including nose bars. Brands: See under Products. 

The Indian Iron & Steel Co Ltd (I I SCO) 
Registered office: IISCO House, 50 Chowringhee Road, Calcutta 700071. Tel: 44 
8371. Telex: 021 7372. Cables i Inisco Calcutta. 
Management: Board of directors—V. K. Dar (managing director), S. D. Prasad (addl. 
secretary, DepL of Steel, Ministry of Steel St Mines), R. Ganapati (joint secretary, Dept. of 
Steel. Ministry of Sleel it Mines), S. Rangarajan (managing director, UC), Mr. Gopeshwar 
(general secretary, INMWF). C. Balram (managing director, WCL), P. K. Paul (managing 
director, HSL), C. R. Sengupta (general manager, 1DBI), Roma Mazumdar (commissioner 
and secretary, Dept. of Industries & Commerce, Govt, of West Bengal). Senior 
executives—T. B. John (secretary and chief finance manager), P. R. Mehr (general 
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Tkr Indian Iron & Sleel Co IMI (continued) 
manager, Burnpur), B. Pujari (general manager, Kulti), S. N. Sen (chief executive, materials 
and coordination), ) . A. Deshpande (chiel executive, projects and development), S. K. 
Kanwar (group personnel manager). M. V. K. Kurah (financial adviser and chief accounts 
officer), A. K. Gupta (cluef sales manager). Established: 11)18. Capital; As at 31st March. 
1976—Shares: Rs 27-58 crores. Reserves: Rs 24-18 crores. No. of employees: 22,315 
(Bumpur); 7,t>l7 (Kulti); 3,141 (ore mines); 7,966 (collfciies). Ownership: A Government 
company. Subsidiaries: IISCO Stanton Pipe & foundry Co I Id, Uijain (produces spun 
pipes), jointly owned by IISCO Ltd and British Steel Coept. 
v^orks: Burnpur (West Bengal). Tel: Burnpur 461. Coke ovens: Three Simon Car*... 
regenerative underjet batteries (72, 78 ant! 78 ovens). No. 5 and 6 batteries were shut down 
for dismantling in Apr! 1977. Ironmaking plant: Four blast furnaces—two 5-2m hearth dia., 
434 cu. m and two 7-6m hearth dia., 1,041 cu. m (annual capacity 1,300,000 tons). Steel-
making plant: Seven basic open hearths—six 200-ton tilting, one 100-ton fixed (1,000,000 
tons); three 25-ton acid Bessemer converters (800,000 tons). Rolling mills: 2-high 40" 
reversing blooming mil! (1,000.000 ingot ions); 2-high 34" reversing heavy structural and rail 
mill (300,000 tons); 10-stand (3 vertical stands, 7 horizontal stands) continuous billet and 
sheet bx' mil! (1,000.000 tons); 18" mill comprising 3-high first roughing stand and a 
finishing train of one 3 high second roughing, one 3 high intermediate and one 2 high 
finishing stands (150,000 tons); 23-stand (19 horizontal stands, 4 vertical stands) merchant 
and rod trill (200,000 tons); sheet mtti comprising two Lewis 3-high roughing mill and four 2-
high finishing mills (150,000 tons). Other plant: Wean galvanizing plan! (100,000 tons). 
• Kulti (West Bengal). Tel: Asansol 2421. Steel foundry with one 4-ton electric arc furnace; 
two spun iron pipe foundnes; one vertically cast pipe foundry; genera) foundry; light castings 
foundry; heavy mechanical foundry; non-ferrous foundry (combined annual capacity 
appro*. 240,000 tons). 
Products: Pig iron; beams 100 x 50mm to 450 x 150mm; channels 75 x 40mm to 300 x 
90mm; equal angles 35 x 35mm to 150 x 150mm; unequal angles 45 x 30mm to ISO x 
115mm; rounds 6 to 80mm; round edged flats 250 x 12mm to 400 x 25mm; flats 45 x 
10mm to 200 x 25mm; rails 20. 24, 30, 60 and 901b/yd.; bridge rails 56 and 70lb/yd.; Z 
sections 327 x 174 x 101-5mm; MG crossing sleeper bar 241 x 86 x 9mm; sheet piling 400 
x 185 x 7-5/8-Smm; tees 75 x 75 x 10mm; squares 40,45. 50 and 63mm; HDrim sections 
6-5" and 7"; black sheets, max. length 3-6m and max. width 1,250mm; plain galvanized 
sheets, max. length 3 m and max. width 900mm; corrugated galvanized sheets, max length 
3m with 10/3 and 8/3 corrugations; coke and coal chemicals. 
Principal sales outlets: P 43, Hide Road Extension, Calcutta 700027; Jeevan Vihar, 3 
Parliament Street, New Delhi 110001; Esplanade House, Waudby Road. Bombay 400001; 
Regjna Mansion, 2nd Floor, No. 8 Second Line Beach, Madras 600001; Red Cross Bhavan, 
The Mall PB 280, Ludhiana 141001; c/o UP Small Industries Corp Ltd, G.T. Road, 
Ghaziabad. 

Indian Rolling Mills 
Head office: Deputy Ka-Parao. Kanpur 3. 
Established: 1955. Subsidiaries: None. 
Works: Kanpur (HO.) Rolling mills: 2 stand 16", 9 stand 12*. and 5 stand 10" (annual 
capacity 25,000 tons). 
Products: Rounds, squares, flats in mild steel and low-alloy engineering steels. 
Expansion plans: One 20" structural/alloy steel mitt. 
Additional information: Connected with Somani Steels Ltdt-
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The Indian Steel Rolling Mills Ltd (Isromil) 
Head office: Raj am House, 21 Greames Road, Madras 600006. Tel; 86124-5. Cables: 
Isromil. 
Management: C. R. Ramaswamy (chairman and managing director). Established: 1934. 
Capital: lis 61-92 lakhs. No. or employees: 700 (works); IS (office). Ownership: Public 
limited company. Subsidiaries; None. 
Annual capacity: Rolled steel 110,000 tons (2 shifts). 
Works: Niignpnttinam. Tel: 310. Superintendent: S. Ramanathan. Rolling mills: 16" mill and 
10" mill (annual capacity 55,000 tons). Other plant: Wire drawing plant (7,200 tons); wire 
nail presses (4,800 tons); barbed wire making machine (600 tons); high-carbon wire plant lor 
PC wires, ACSR core wires, umbrella ribs, cycle spoke wire, etc. (2,400 tons). 
• Tiruninravur. Tel: 68009S. Superintendent: H. Venkitesaaran. Rolling mills: 14" mill. 
intermediate mill and wire rod mill (annual capacity 55,000 tons). 
Products: Mild steel plain bars and rods and cold twisted deformed bar (Torsteel) (wire rod 
coil weight 100kg) (output in 1976, 15,400 tons); hard bright wire (3.280 tons); galvanized 
wire (142 tons); wire nails and panel pins (1,466 tons); galvanized barbed wire (96 tons); PC 
wire and ACSR core wires (431 tons). Brands: Tower (wire nails). 

The Indian Tube Co Ltd 
Head office: 43 Chowringhee Road, Calcutta 700071. Teh 44 2311,44 8366. Telex: 021 
7511 iteecee ca. Cables: Iteecee. 
Management: Chairman: P. C. Lai. Directors: J. G. Keswani (general manager, work). H. 
Chakravarti (marketing), S. K. Nanavati, P. Ananu J. J. Bhabha, Rusi C. DoodhmaJ. Mark 
Littman. R. H. Mody, B. P. Ray. G. G. Ridley, A. K. Roy. Established: 1954. Capital: As at 
March 31 1976— Rs 11,93,25,000 (issued and fully paid up). No, of employees: As at Dec. 
31 1976—4,140 (works); 714 (head office and branches). 
Works: POB 81, Jamshedpur 831001. Tel: 6181. Telex: 026 225. General manager: J. G. 
Keswani. Plant for production of continuous weld, ERW and seamless tubes (licensed annual 
capacity 249,793 tons). Hot-dip tube galvanizing plant (75.000 tons). 
Products: Mild steel tubes and p'pes, 10 to 219-10mm o.d.; cold rolled steel strip, 12-70 to 
311-ISmm wide, 0-56 to 3-2jmm thick. Output in 1975/1976: Continuous weld tubes 
44,582 tons, ERW tubes 12,4f.8 tons, seamless tubes 30,607 tons, cold rolled strip 11,269 
tons. 
Principal sales outlets: Transport Depot Road, Calcutta 700027; Orient House, Ballard 
Estate, Mangalore Street, Bombay I; Secma Chambers, Relief Road (Near Vijli Ghar), !al 
Darwaja, Ahmedabad 1; Lok Kalyan Bhawan, 11A Vishnu Digambar Marg, New Delhi I; 
Arul Manai, 26 Whites Road, Madras 14; 9/83 Aryanagar, Kanpur; B-16 Focal Point, 
Dhandari Kalan, Ludhiana j (Punjab). 
Expansion plans: Extension of sizing-cum-reducing mill to existing seamless plant was 
expected to be completed by June 1977. 

Indo Japan Steels Ltd (US) 
Head office: 11 Government Place East, Calcutta 700069. Telt 23 6461-2. Telexi 7405 
gsw ca. Cables i Boxstrapin. 
Management: S. K. Agarwala (managing director). Established: 1964. Capital: Authorised: 
1-75 crores. Subscribed: 0-50 crores. No. of employees: 494 (works); 30 (office). 
Subsidiaries: Associate company: Ennore Steel Enterprise (P) Ltd, Madras (see below). 
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Indo Japan Steels Lid (continued) 
•Vorks: 5/1 G.T. Road. Belur, Howrnh. Tel: 665 104. Works director: M. C. Agarwala. Steel-
making plant: One 3-lon direct arc furnace (annual capacity 6,000 tons, on three shift basis); 
one Birlec Model II direct arc furnace (16,000 tons, licensed in 1977 hut not installed). 
Rolling mills (Calcutta): Two 3 high 18" cogging mills, five 3 high 12* finishing stands and 
one vertical mill with tilting tables (25,000 tons); six Toakoki 4 high mills and three own-
design mills (one 2 high, one 12 high and one 20-high) (total unmiul cannr'ty 9,000 tons). 
B114A. Patlipada, Swami Vivekananda Road, Thane. Maliura.lura. Tel": 593657. In-
charge: A. K. Mehra. Rolling mills: Two own-design 4 high cold mills (annual capacity 1,500 
tons). 
• Ennore Steel Enterprise (P) Ltd, 25-26 Kummnlamman Koil Si., Timdiarpct, Madras 81. 
Tel: 59584, 59567. Works director: T. R. Budhia. Stcclinaking plant: One 5-ton electric arc 
furnace (annual capacity 7,000 tons). Rolling mills: Two 2 sliind '8" roughing mills 
(proposed), 4-stand 12* intermediate mill (proposed), 5-sland 10" finishing mill. 
Products: All types of ingots 3" x 4"to 21" x 23" as per customers specification in carbon 
and alloy steel, and stainless steel (304 and n.artensitic); hot rolled strip in mild steel, carbon 
steel and alloy steel mainly used for tubes, cold rolled strip and strip for hacksaw blades, 
razor blades, etc.; flats 80 to 250mm wide, 8 to 40mm thick, in mild, carbon and alloy steels; 
rounds 40 to 125mm dia., 20' length and over, in mild, carbon and alloy steels; squares SO x 
50mm, 63 x 63mm. 75 x 75mm and 100 x 100mm; cold rolled strip (CRCA) in mild, high-
carbon and low-alloy tool steel used for box strappings, cable tapes, cycle rims, rolling 
shutters, hacksaw blades, etc. 

Iron Rr Hing Mi l ls Pvt Ltd 

Head off.ee: 8 National Highway Road, Near Shah Wadi, Narol, Dist. Ahmedabad. Tel: 
87412. 877269. Cables: Merchants Ahmedabad. 
Management: Directors: Manubhai M. Madhvani, Pratapbhai M. Madhvani, Surendra M. 
Madhvani, Mayurbhai M. Madhvani, Natvarlal T. Parakh. Executive director: Ravindra M. 
Shah. Established: 1962-63. Capital: Rs 1.00,000. No. of employees: 50 (works); IS (office). 
Annual capacity: Rolled steel 36,000 tons. 
Works: Narol (HO). Works director: R. M. Shah. Rolling mills: 9", 8*. 12* roughing 
(annual capacity 36,000 tons on two-shift basis). 
Products: Rounds, squares and flats (output in 1976, 3,659 tons); angles, tees, channels and 
door and window sections (F7B, F4B, EZ7) (986 tons). 
Principal sales outlets: Bakhtavar Bldg., 11th Floor, Vir Nariman Point, Bombay 400021. 

Shri Ishar Alloy Steels Pvt Ltd 

Registered office: Apeejay House. 4th Floor, Bombay Samachar Marg, Fort, Bombay 
400001. Tel: 2S1677. 290031. 293709. Telex: Oil 3444. Cables: Dependable. 
Management: Directors: Hardial Singh (managing), Virender Singh, Sukhwant Singh, 
Curcharan Singh. Managers: K. P. S. Ahluwalia (general), R. D. Soni (commerciai), B. 
Mehia (purchasing). Established: 1971. Capital: Rs 2 crores. No, of employee*) 324 (296 
works, 28 office). Subsidiaries: None. 
Annual capacity: Raw steel 46,000 tons; rolled steel 20,000 tons. 
Works: Sector D. New Industrial Estate. Sukhalia, Sanwer Road, Indore. Tel: 31096,31013. 
371 SI. Works director: Virender Singh. Sleclmaking plant: Three Hindustan Brown Boveri 
electric furnaces—one 8/10-ton (annual capacity 10,000 tons), two 10/12-ton (36,000 tons). 

I iont. Sloe1 Wo;k, ol ih* World 3 4 7 

Shri Ishar Alloy Su-els Pvi Ltd (continued) 
Continuous casting machines: One 2-strand (30,000 tons). Rolling mills: 14" mill (20,000 
tons), 8" mill (10,000 ions). Ot' ;r plant: Foundry for ingot moulds and other castings 
required for the plant. 
Products: Carbon and alloy steel ingots (output in 1976, 20,522 tons); rounds and squares (6 
to SOmin) and Tor-steel bars (in technical collaboration with Tor-Isteg Steel Corp, Luxem
bourg) 6 to 50mm (8,f'5l tuns). 
Principal sulci outlets: Registered office address; also Behind Forge & Blower, Chandan 
Compound, Ahmcdubad (Vinay F. Kolliari, sales officer). 

Jag dish Rolling Works 

Head office: 93-A Fazalganj Factory Area, Kanpur, (Uttar Pradesh). Tel: 42928. 
Established: 1944. Capital: Lakhs 4-5. No. of employees: 45 (38 works, 7 office). 
Ownership: Partnership. Subsidiaries: None. 
Annual capaeity: Rolled steel 8,000 tons. 
Works: Kanpur (H.O.). Works director: S. Kripal Singh. Rolling mills: 10" mill (annual 
capacity 8,000 tons). 
Products: Mild steel rounds and squares 10 to 25mm, Rats 20 to 75mm wide and S to 25mm 
thick, angles and tees 25 to 75mm (output in 1976/77, 3,430 tons). 
Expansion plans: 16" roughing mill is planned. 

Jain Tube Co Ltd 

Head office: D-20 Connaughl Place, New Delhi 110001. Tel: 4S841. Telext 3102 jtc 
nd. Cables: Jaintubes. 
Management: Directors: R. N. Jain, J. R. Jain, S. R. Jain, N. L. Jain, R. K. Jain, Bakshi Ram 
Jain, Ranjit Singh Jain, P. L. Aggarwal, A. K. Chose, Jagdish Khallar, A. B. Malik, 
Established: 1964. Capital: Rs 1,00,00,000. No. of employees: 1.100 (works): 90 (office), 
Ownership: Public limited company. 
Works: 21st Kilometre, Mccrut Road, Ghaziabad (Uttar Pradesh). Tel: 217. Works director: 
S. R. Jain. HF tube welding plant; tube galvanizing plant. 
Products: Black and galvanized steel pipes 15 to 150mm. 

Jindal Industries Ltd 

Head office: Delhi Road, Model Town, Hissar 125005 (Haryana). Tel: 3681, 
2604. Cables: JindaJ. 
Management: Directors: Debi Sahai Jindal. O, P. Jindal, S. D. Jindal, B. D. Agarwal, 
Dharam Paul. Established: 1972. Capital: Rs 25 lakhs. No. of employees: 288 (206 works, 
82 office). Ownership: Public limited company. Subsidiaries: None. 
Works: Hissar (H.O.). Works director: S. D. Jindal. ERW tube mills (annual capacity 
130,000 tons). Tube galvanizing plant (70,000 tons). 
Products: ERW mild steel tubes, black and galvanized, f" x 6" n.b. (output in 1976, 12,386 
tons). 
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Ji-ttiLil Industries Ltd (continued) 
Principal sales outlets: 15/1 Avif Ali Road. New Delhi I. Oversees agcnls: Ciliien Trailing 
Agency. Port Loins. Mauritius. 

Jindal Pipes (Pvt) Ltd 

Head office: 56 Hanuman Road. New Delhi 1. Teh 310648. 311979 and 310953. Telex: 
2059. Cables: Jindnlpipe. 
Management: M. L Jindal (managing director), S. L. Aggarwal (direcior), D. P. Jindal 
(director). S. D. Sharma (manager). H. S. Dhitlon (liaison oflicerX Anoop Singh (export 
manager). Capital: Rs 2.500,000. No. of employees: 278 (248 works, 30 office). 
Works: 22nd Mile, Delhi Hapur Road, Jindal Nagar, Ghaziabad (Utlar Pradesh). Tel: 
S53~45. Telex: 2059. Works director: D. P. Jindal. Tube and pipe mills: ERW (annual 
capacity 6;.000 tons). 
Product!: ERW black and galvaniied pipe (light, heavy and medium) +' lo 10" n.b. 
Expansion plans: Expansion lo 100,000 tons annual capacity by 1980. 

J . K. Iron & Steel Co Ltd 

Head office: Kamla Tower, Kanpur. Tell 44431. 40439. 42628, Telex: 214. Cables: 
Steelworks Kanpur. 
Established: 1939. Capital: Rs 1 crore. No. of employees: 7J0 (700 works. JO office). 
Ownership: Public limited company. 
Annual eapaeily: Raw steel (liquid sleet) 24,000 tons; rolled steel 20,000 tons. 
Works: Kalpi Road, Kanpur. Works director: G. H. Singania. Steelmaking plant: Two 
electric arc furnaces—?-ton top charging (annual capacity 15.000 tons), 3-ton side charging 
(9.000 tons). Rolling mills: Hot mills—3-high 18', 3-high 12'. 3-high 5"; narrow slnp 
mill—3-tv.gh 10". cold milt—4 high 12" and 4 f , 2-high 8". Other plant: Iron foundry with 
two cupolas; steel foundry (100 tons/month). 
Products: Bars; rods; cotton bating hoops; cold rolled strip including box strappings; iron 
castings including ingot moulds; steel castings including heal- and acid-resisting steel and 
high manganese steel; sitico-manganese; spring steel; En steels; Ni hard castings. Brands: 
JK. 

Jotindra Steel & Tubes Ltd (JST) 

Head office: Munshi Niketan. 1/I0B Asaf AU Road, New Delhi 110002. Tel: 271936, 
271937. 277030 and 277007. Tel.x: 4096 jitubes. Cables: Jayeslubes. 
Management: S. R. Sureka (managing direcior). Established: 1970. Capital: Rs 30 million. 
No. of employees: 450 (works); 57 (office). 
Works: Tube and pipe mills; ERW (annual capacity 24,000 tons). 
Products: ERW black and galvanized steel tubes conforming to BSS 1387/67, screwed and 
socketed and plain ended in axes \' to 6* n.b. in Bfht, medium and heavy series (output tn 
1976. 9.888 tons). Brands: JST. 
Principal salts outlets: Head office address; aho 303 Abhay Sted House. 39E Barodii Street, 
Bomba7400009 (Tel: 325577. Telex: Oi l 5887); 16 Neta> Subash Road. Calcutta 700001 
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Jotindro Sice! A Tubes Ltd (continued) 
(Tel: 228535. Telex: 7946 surcka). Principal overseas agents: Rained Al-Khaial Establish
ment, Kuwait. M. A. Lalwani, Uubai. Habshan Trading Co, Abu Dhabi. 

Kalynni Stools Ltd (KSL) 

Head office: PI) 78, Mundhwa, Poona4| 1001. Tel: Poona 7434-5. TelexiOM 234 forge 
pn 234. Cablet: Alloystec) Poonu. 
Management: Board of directors: B. N. Kalyani (chairman), S. M. Thakore, R. S. Kothavale, 
N. K. Prasad, S. U. Gaiare, P. D. Kunte, P. G. Chitale (constituted attorney responsible for 
day-to-day operations of the plant and commercial decisions). Eiiablishtd: 1975. Capiuil: Rs 
14 million. No. of employees: 175 (works); 25 (office). Ownership! Independent public 
limited company. Subsidiaries: None. 
Annual eapaeiiy. Raw steel 18,000 tons of ingots; rolled steel 12,000 tons of forging quality 
alloy and carbon steel. 
Works: Poona (H.O.). Works director: B. B. Hattarki. Steelmaking plant: One 10/12-ton 
electr.c arc furnace (SSKD-320 model by Hindustan Brown Boveri Ltd) (annual capacity 
18,000 tons). Rolling mills: 1-stand 3 high 20" mill (12,000 tons). Other plant: 500-ton high
speed hydraulic forging press (18,000 tons). 

Products: Forging quality steel ingots (410 to 5,500kg) and billets (70 to 120mm) in carbon 
and alloy steels to Indian standards, BSS, D IN and AISI/SAE standards (output in 1976, 
3.418 tons). 
Expansion plans: Additional electric arc identical to existing furnace and further 500-ton 
hydraulic forging press to raise capacity to 36,000 tons. 

Kamani Engineering Corp Ltd 

Head office: Kamani Chambers, 32 Ramjibhai Kamani Marg, Bombay 400038. Tel: 
261226,263298. Telex: Oi l 2673 kamanis. Cablts: Ketowcrs Bombay. 
Management: M. Dhar (managing director). N. D. Parikh (chief executive), K. F. Shroff 
(divisional manager). Established: 1951. No. of employees: 2,500 (2,000 works, 500 office). 
Ownership: Public limited company. 
Annual capacity! Rolled steel 10,000 torn. 
Works: Jhotwara, Jaipur 302302 (Rajasthan). Tel: 84311. Telex: 036 247. Divisional 
manager: K. F. ShroiT. Rolling mills: 5-stand 3-high 500mm bar, light and medium section 
mill (annua) capacity 10,000 tons). 
Products: Angles and tees. 

Kaushal Steel Rolling Mills—see Ch. Dewan Chand Dhanpat Ral 
Bhatia 

Khandelwal Tubes 
Division of Khandelwal Perro Alleys Ltd 
Registered office: Khan&lwa! Bhavan, 166 Dr. Dadabhai Naoroj Road, Bombay 
400001. Tel: 261011. Telex: O i l 2410. Cables i K hand tube Bombay. 
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Khon&twal Tubes (continued) 
Established: 1953. Capital: Authorised: Rs 5,00.00,000. Paid up: Rs 2,2-1,25,100. No. of 
employees: Approx. 700. 
Works: PO Khandelwal Nagar 441.102. Disl. Nngpur (Miiliiirnshim). Tel: H298. 8.192, 8393 
and 8470. Teles: 013 231. Tube and pipe nulls: Maniicsninnn-Mcer engineered UF induction 
welding with complete finishing and gaiv.iiiijung lines (licenseJ uniuuil i-apm.it y 96,500 tons; 
installed annual capacity 100,000 tons). 
Products: Black and galvanized welded tubes \" to 4* dtu. 

KR Steelunion Pvt Ltd 

Head office: Everest. 10th Floor, 46c Chowringhee Road, Calcutta 700071. 
Established: 1964. Ownership: Owned by Khemehand "Rajkumar. Subsidiaries) None. 
Works: Tinmilt Compound, Kalwa, Near Bombay (Maharashtra). Strip coaling lines: One 
alkaline electrolytic tinning line (annual capacity 150,000 tons, on E2S). Other plant: Five 
shearing and slitting lines for steel, stainless steel, electrical sheets and aluminium (150,000 
tons). 
• I6D Industrial Area, Kalyani, Dist. Nadia (West Bengal). Steelmaking plant: Two electric 
furnaces with oxygen lancing, one 15-ton (annual capacity 30,000 tons) and one 14-ton 
(30,000 tons). Continuous casting machines: One 2-strand Indian-made UK design l2Jmm 
sq. billet (60.000 tons). Rolling mills: Nippon cross-country type consisting of 2-stand 18" 
roughing, 4-stand 14" intermediate, 5-stand 12" finishing; double strand rolling from 128mm 
sq. billets (120.000 tons). 
B 1 Oi! Installation Road, Calcutta S3. Cut-to-length line, and slitting lines for strip and steel 
strapping (annual capacity 35,000 tons). 
Products: KR brand—electrolytic tinplate, 551b to 1281b, 18" to 33* x 18" to 45". E25 to 
El00, bright or matt; reinforcing bar. 10 to 25mm, including deformed twisted. Brands; See 
under Products. 
Expansion plans: It was planned to start production of cold rolled continuously annealed 
btackplate in early 1975, with a low-speed 2-stand mill, capacity about 40,000 tons, but there 
has been no recent information. Production of tin-free steel (10,000 tons) following 
conversion of the existing tinning line is understood not to have been realised. 

Krishna Steel Industries Ltd (KSI) 
Head office: 29-30 Vaswani Mansion, 120 Dinshaw Vachha Road, Bombay 400020. Teh 
296165. Telex: 011 2902. Cables: Krishstahl. 
Management: Mrs. Maya B. Ramchand (managing director), R. P. Dubey (works manager), 
R. H. Teckchandani (sales manager), C. D. Shivdasani (director), A. A. Thadhani (director), 
C. K. Advani (director). Established: 1950. No. or employees) 3S0 (works); 50 (office). 
Subsidiaries: Sister companies: BR Steel Products Pvt Ltd (manufacture of mild steel wire) 
(see below); BR Wire Nails Pvt Ltd (manufacture of wire nails, mostly for export). 
Annual capacity: Rolled steel 98,000 tons. 
Works: Antop Hill. Wadala. Bombay 400037. Tel: 448261-2. Telex: 011 2902. Works 
manager: R. P. Dubey. Stedmaking plant: Two 15-ton HBB type SSKD H-340 direct arc 
melting electric furnaces (annual capacity 50,000 tons). Rolling mills: Kocks 20" continuous 
wire rod mill (98,000 tons). Other plant: Sister company BR Steel Products Pvt Ltd, 
Bombay, manufactures mild steel wire in hard bright, black annealed, bright annealed, 
galvanized and other qualities in sizes from 3/0 to 24 swg. 
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Krishna Steel Industries Ltd (continued) 
Products: Mild steel and carbon wire rods 5<5 to 10mm (ma*, coil weight 300kg) (output in 
1976, 45,000 tons). 
Eapanilon ptnnsi To increase annual capacity of rolling mill to 150,000 tons, raise coil 
weight to 3ti0kg and add controlled cooling facility. 

KT Rolling Mil ls Pvt Ltd 

Head office; Chattan, 9 Altamoum Road, Bombay 26. Tth 382442. Telexi 
0112649. Cables: Mcltico. 
Management: Directors: Tarachand K. Gupta, Mrs. Pushpavati T. Gupta, Mrs. Saria R. 
Gupta, N&rcshkumar T. Gupta. Established: 1948. Capital; Rs 7,50,000. No, oftmployeti: 
60. 
Annual capacity: Rolled steel 14,000 ions 
Works: Badlapur Roi>d, Ambernath, Tel: i 
Rolling miUs: Three ..tills—14'. 10", 8" I 
Products: Merchant and reinforcing bars. 

Works: Badlapur Roed, Ambernath. Tel: 221 225. Works director: Nareshkumar T. Gupta. 
Rolling mills: Three ..tills—14", 10", 8" (annual capacity 14,000 tons). 

Kumar Iron & Steel Works 

Head office: 16 Naiafgarh Road, New Delhi 110015. Tel: 582518, 569342. Cablesi 
Crankshaft New Delhi. 
Management: K. K. Aggarwal (proprietor), R. R. Aggarwal (executive officer), R. S. 
Lakhwara (manager). Established: 1961. Capital: Rs 5,00,000. No. of employee!! 40 
(works); 4 (office). Ownership: K. K. Aggarwal. 
Annual eapaelty: Rolled steel 12,000 tons. 
Works: New Delhi (H.O.). Works director: R. R. Aggarwal. 14" rolling mill (annual capacity 
12,000 tons on one shift basis). 
O E-16 Industrial Area, Soncpat (Haryana). Tel: 2779. Works director: R. R. Aggarwal. 8" 
rolling mill (annual capacity 5,000 tons on one shift basis). 
Products: Mild steel rounds, squares, flats, channels, angles, tees, window sections, hot rolled 
and stainless strip, etc. 

Ullooah Steel & Wire Co Ltd 

Head office i 23A Netaji Subhas Road, 8th Floor, Calcutta 700001. Teti 22 4805, 
8118. Tcleit 021 2324. Cables: Liluarol. 
Management: Directors: Vijay Pal Gambhir (managing), Satya Pal Gambhir, Shyam Sunder 
Gambhir, Mrs. Kamala Sachdev, Sunder Singh Chawla. Established) 1941. Capital: Rs 12-5 
lakhs. No. of employees) 200 (work,'); 15 (office). 
Annual eapaelty: Rolled steel 20,000 tons. 
Works: 15/2 Belur Road, Liluah, Howrah (West Bengal). Tel: 56 2384, 3206. Works 
manager: B. K. Biswas. Rolling mills: 4-stand 3-high and 1-stand 2-high 7" mill, 6-stand 3-
high and I-stand 2-high 10* mill and 1-stand 3-high 16" mill (annual capacity 20,000 tons). 
Products: Mild steel, high-carbon and En qualities—rounds 8 to 110mm; squares 8 to 
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LillooahSietli Wire Co tut (coniinutd) 
100mm; flats 19 to 150mm width. $ to 2Smm thickness; angles 18 x 18 x 3mm. 90 x 90 x 
tOmm; cold iwisted deformed bars 8 to 40mnr, hexagons 10 to 32mm; ocugons 10 to 
32mm; gate channels 19 x 19 x 3mm. 25 x 25 x >mm; window sections F7B, F7D.T4. To, 
T8; tension bars. Output in 1976, 7.668 tons. 

Mahindra Ugine Steel Co Ltd (Muscosteel) 

Head office: Bakhtawar. Nariman Point. Bombay 400021. Teli298497. TeJexiOl I 3599 
muscoby. Cables: Muscosteel Bombay. 
Established: 1962. Capital: Rs 11.08.13.901 (Oec. 31, 1975), No. of emoloyeesi 1,225 
(works); 170 (office). Ownership: Public limited company. Subsidiaries*. NOI.J. 
Annual capacity: Rolled steel 36.000 tons. 
Works: Jagdishnagar. PO Khopoli 410203 (Maharashtra). Tel- ,,..:vpoli 318. Ge^ral 
manager i technical): A. R. V. Subramanisn. Steelmaking plant: One J)-ion basic electric ai : 
furnace (annual capacity 36.000 tons of ingots). Rolling mills: 4-stand 3-lngh 550mm 
Morgardsnammar roughing and bar mil! (36.000 tons). Other plant: One |4-lon slag furnace, 
1.200 ton last-acting hydraulic forging press (6 tons an hour), one 750kg and one 25Ukg 
pneumatic forging hammer. 
Products: Carbon and alloy engineering steels, free-cutting steels, spring and valve "eels. 
stainless and heat-resisting steels, tool and die steels, bearing steels, etc. (AISI. SAE, A i / M . 
BSS DIN, UIS, Afror, IS.etc.) (output in 1976. 29.833 tons). Rolled—rounds 18 to 125mm 
dia.; flats 30 to 90mm width. 1J to 60mm thickness; hexagops 20 to 40mm a/T; squares 20 to 
45mm sq.; billets 40 to 108mm sq. Forged—rounds 130 to 200mm dia„ blooms IJO to 
250mm sq. 
Principal salts outlets: Head office address and Ha!l & Andenon Bldg., Park Street. Calcutta 
700016, Dhun Bldg., 175/1 Mount Road, Madras 600002; 8 Parliament Street. New Delhi 
110001. No overseas agents. 
Expansion plant. Expansion plans expected to be completed by second half of 1978. to 
increase capacity to 60.000 tons a year and to diversify the product range—rounds up to 
200mm dia.. rolled blooms up to 300mm sq.. forged rounds up to 300mm dji., forged blooms 
up to 350:nm sq. and rolled flats with minimum thickness of 45mm and maximum width oi 
400mm. 

Modella Steels & Alloys Ltd 

Head office: 7th Floor, Resham Bhavan, Veer Nariman Road, Churchgate. Bombay 
4C0020. Tel: 294324. 299879. Telex: 01! 2712 modella. Cables: Kaysons. 
Management: B. M. Grover (chairman), U. N. Bhrany (managing director), A. Fernandez 
(secretary). I. D. Sherwaru "itputy works manager). Established: 1973. Capital: Authonsed: 
Rs 30,00.000. Issued and subscribed: Rs 45.00,000. No. of employees: 100 (works); 10 
(office). Ownership: Modella Woollens Ltd (51%). 
Annual capacity: Raw steel 18.000 tons. 
Works: 34-43 Industrial Area, Do«gaon, Rallam (Madhya Pradesh). Tel: 792. Deputy 
worxs manager: I D. Sherwani. Steelmaking plant: One 10/1? ton electric arc furnace 
(annual capacity 18,000 tons). 
Products: Mild steel and alloy steel ingots. 
Expansion plans: Wire rod mill and forge shop planned. 
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Modi Industries Ltd 
Staal Division 
Head omeei Modinagar 201204 (Uttar Pradesh). Tel: Modinagar 214. Telex: 031 3403 
modinagar. Cables: Modisteel. 
Management! K. N. Modi (chairman), K. K. Modi (vice chairman), V. K. Modi (managing 
director), U. K. Modi (managing director), M. M. L. Khullar (general manager), I. S. Sun 
(production manager), R. Jt Jain (manager, engineering services), Anup Singh (chief 
electrical engineer), M. V. Sampat (manager, wire drawing and galvanizing), Jaswant Singh 
(superintendent, rolling mill No.l), Sukhdev Singh (superintendent, rolling mill No.2), A. K. 
Bote (superintendent, melting shop), R. K. Banial (sales manager), T. C. Gupta (controller of 
scrap purchase), O. L. Sharma (finance secretary), S. K. Gupta (superintendent, planning 
and data control), N. K. Sanghi (works manager). Established: 1963. Capital: Rs 
25,494,015. No. of employees: 1,860. Ownership! Public limited company. Subsidiaries! 
None. 

Worksi Modinagar (H.O.). Steelmalung plant: Three 5-ton and three 10-ton Hindustan 
Brown Boveri electric arc furnaces (SSKD-260 and SSKD-320 respectively) (annual 
capacity 108,000 tons). Rolling mills: One Kawazoe (Japan) wire rod comprising one 3-high 
18" roughing, one 2-stand 3-high 14" intermediate, one alternate 8-stund 2-high 10" finishing 
(30,000 tons); one comprising 2-stand 3-high 18", 4-stand 3-high 14", alternate 8-s'and 2-
high 11", 4-stand 2-high 12" continuous (40,000 tons). Other plant: Wire drawing machines 
0 swg to 32 swg with galvanizing and patenting furnaces. 
Products: Ingots (output in 1976, 33,464 tons); rods (36,735 tons); flats; squares; rounds; 
wire (30,072 tons); wire nails. 

Modi Sales 

Head offleei 4-E Sarabha Nagar, Ludhiare 141003. Tel: 23588. 22291.22964. Cablesi 
Moforo. 
Established) 1969. Capitali Ri 5,00,000. No. of employees! 105 (works); 20 (office). 
Ownership: Sole proprietorship. 
Annual capacity! Rolled steel 8,400 tons. 
Worksi G. T. Road, Sherpur, Ludhiana 141003. Tel: 23588, 22291, Works director: 
Chander Parkash Mcdi. 12" rolling mill (annual capacity 8,400 tons). Forging plant. 
Products: Rounds, squares, etc. up to 100mm; hexagons, octagons, etc. up to 80mm; and 
flats up to 150mm wide; to all international specifications. Output in 1976, 4,500 tons, 

Mukand Iron & Steel Works Ltd 

Established: 1937. Subsidiaries: Bstala Engineering Co Ltd. 
Works: Kurla, Bombay 70. Sieelmaking plant: One 4-ton and one 5-ton are furnace. Rolling 
mills: 6-stand 14" merchant mill, also used as rougher for three continuous mills and six 2-
high reversing stands. Other plant: Bright bar plant, bar twisting facilities, steel foundry. 
BThana (Maharashtra). Steelmaking plant: One 25-ton A SEA arc furnace. Continuous 
casting machines: One 2-strand Concast S type for billets 80 and 100mm sq., low carbon, 
medium high-carbon and alloy steel. Rolling mills: One 22-stand Morgardshammar fully 
automatic rod mill, 5<2 to 25mm dia., in coils up to 350kg; bar twisting (Tcrsteel) plant, etc. 
Products: Bart and rods including reinforcing, merchant and bright; wire and wire products 
including mild steel wire; high-carbon and other special steel wire; pre-stressed concrete wire; 
electrodes; steel eastings including railway, automotive and machinery. 
Expansion plans: A second arc furnace is believed to have been added at Thana. 
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Nagaijuna Steels Ltd (NSL) 
Head ofDet: Nagarjuna Hills. Paniagulta Circle. Hyderabad S00004. (Andhra 
Pradesh). Tel: 33207. Telex: 013 338. CaMcsi CoMstrip. 
Management: K. V. K. Raju (managing director), E Ananda Rao (general manager), R. P. 
Hatan (secretary and finance manager), Nruperuler Rao (commercial manager). Established: 
1974. Caphal: Rs 17 million. No. oT employees! 230 (220 works, 30 office). Ownership: 
Public limited company. Subsldiarlai None. 
Annual capacity: Rolled steel 12,000 tons. 
Works: Patancberu. Medak Dm., (Andhra Pradesh). Tel: 261211. General manager: E. 
Ananda Rao. Rolling mills: 4-high>2 high combination re versing cold mill (annual capacity 
12.000 tons). 
Products: Cold rolled, close annealed steel strip in low-carbon, medium-carbon, and high-
carbon low-alloy steels and stainless steels; max. width 330mm in thicknesses 0 4 0 to 
3-23mm (production started in June 1977). Brand*) NSL. 
Expansion plans: Cold rolled sections—1978; hardened tempered steel strip—1979. 

Nagpur Rerolling Mills 
Head office: Opposite Railway Station. Kamptec, Dist. Nagpur. Tel: 8341 Cables: Bawa 
Steel. 
Established: 1962. Capital: Rs I lakh. No. of employees: 30 (works); 7 (office). Ownership: 
Partnership: G. K. Chauhan, Sirdalar Singh Chauhan, H. S. Chauhan. T. S. Chauhan and S. 
S. Chauhan (Rs 20,000 each). 
Annual capacity: Rolled steel 10,000 Ions. 
Works: Kamptee (H.O.). Works director: K. T. S. Chauhan. 6-stand 10" hot rolling mills 
(annual capacity 10,000 tons). 
Products: Round bar 6 to 23mm, and flats 3 to 12mm x 20 to 73mm (output in 1976,3,200 
tons). Brands: NRM. 
Expansion plans: Addition of 14" roughing mills. 

The National Rolling & Steel Rope* Ltd 
Head office: Nicco House, 2 Hare Street, Calcutta I. Tel: 23 3102. Cables! Steelwires 
Calcutta. 
Management: Chief executive: T. B. Viswanathan. Directors: Dewan Dina Naih, R. K. Deb, 
S. N. Ohalotia. Mrs. Kanta Bhan. J. S. Bhan. Established: 1942. Capital: Authorised: Rs 
1,00,000,00. Ownership: Public limited company. 
Annual capacity: Rolled steel 37,400 tons. 
Works: PO Athpur, Shamnagar, 24 Parganas, (W. Bengal). Tel: Bhatpara 32-34. Works 
manager: P. Banerjee. Rolling mills: 17-stand rod mill comprising five 2-high 300mm 
roughing, six 3-high 330mm intermediate and six 2-high 260mm finishing (annual capacity 
37,400 tons). Other plant: Plant for drawing, patenting and galvanizing wire and for wire 
ropes. 
Products: Rod mill products—6 and 8mm wire rod in coils and 10, 12 and 14mm dia. round 
bars (coil weight 80 to 120kg) (output in 1976, 11.000 tons); wire 0-120* to 0026" high-
arbor, and 4 swg to 22 swg mild steel (3.C27 tons); galvanized wire 4 swg to 16 swg (1,800 
torn); win rope (559 tons). Brands: NRSR. 
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Navyug Steel Industries 
Htad office 1 4th Floor, 218-20 Samuel Street, Bombay 3. Tel: 320805. Cables: 
Mangalmurt Bombay. 
Workit Andheri-Kurla Road, Andheri, Bombay S9. Tel: 583829 and 584710. Rolling mills: 
3 high mill (annual capacity 12,000 tons on two shift basis). 
Products! Mild steel, alloy steel and non-ferrous metals. Sections rolled: Rounds, flats, 
angles, squares, hexagons, octagons, window and door sections, milk can bottom sections, 
special sections for railways, and wire rods 10mm and over (coil weight 60/80kg). 

Neeka Tubes Ltd 

Registered office; Bank of India Bldg., Bhadra, Ahmedabad 380001. Tel: 
32012-4. Telex: 012 266. Cables: Neekatubes. 
Management) Board of directors: Apoorvi ShantilaJ Shah, Madhukant Manjulal Thakore, 
Dhanvantlal Chandulal Gandhi, Amolukroy Gordhanbhai Patel. Executive personnel: H. P. 
Abasana (works manager), N. P. Vibhakar (project officer). Established: 1974. Capital: Paid 
up: Rs 40,00,000. No. of employees: 152 (works); 8 (office). Ownership: Wholly-owned 
subsidiary of Gujarat Steel Tubes Ltdt. Subsidiaries: None. 
Works: 114-122/P, GIDC Vatwa Industrial Estate, Vinzol, Ahmedabad. Tel: 877 078, 877 
211. Works manager: H. P. Abasana. Tube mill for longitudinal-weld stainless steel pipes 
and tubes (annual capacity 1,000 tons). 
Products: Welded stainless steel tubes (commercial production was scheduled to start in 
1977). Main sizes— l2-5mm, 190mm, 250mm, 25-4mm, 32-0mm, 380mm, 5l-0mm, 
62-5mm and 76-2mm o.d. wall thicknesses 0-8 to 4mm. 
Expansion plant: Production of tubes of high-alloy steel as well as of large diameter pipes in 
stainless and other high-alloy steel is planned. 

Northern India Iron & Steel Co Ltd 
Head office: B-21, Maharani Bagh, New Delhi. Tel: 631654. 
Established! I960, Ownership: Public limited company. 
Works) 20-3 Milestone, Mathura Road, Faridabad 4. Works director: Ram Lai. 
Steelmaking plant: Three Birlec electric furnaces—two 4/5-ton (annual capacity 8.400 tons 
each) and one 10/12-ton (29,000 tons). Rolling mills: One 5-stand 12" (2,000 tons billets), 
one 4-stand 18" (1,100 tons flats). 
Products! Spring steel flats, forging quality plain carbon steel flats, chrome vanadium steel 
forging quality flats. 

Parikh Steel Pvt Ltd 
Head office: 116 Stephen House, 4 Dalhousie Square East. Calcutta 700001. Tel: 23 
9760. Telex: 021 2693. Cablesi Prosperity. 
Management! A V. Parikh (directrr), R. A. Parikh (executive director). C. R. Dasgupta 
(manager). Established: 1971. Capital: Rs 5,00,000. No. of employees: 50 (works); 25 
(office). Subsidiaries: None. 
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^ori* A Steel P*l Lid (continued) 
Annual capacity: Rolled steel 3,000 lonv 
Works: I It Girish Ghosh Road. PO Belurmath. Howrah. Td: 66 3296. Telex: 021 269S. 
Rolling mills: One 5-stand 9* (annual capacity 4,000 tons), one 4 stand 6" (1,000 ions). 
Products: Mild steel round bars 6 to 16mm (output in 1976,403 tons), mild steel flats 18 x 
3mm to 50 x 10mm (241 tons). 

Parolia Metal Industries (PMI) 
Head office: 30/C Muktaram Babu Street, Calcutta 700007. Tell 33 1174, 34 
1004. Cables: Bhandar. 
Management; D. R. Parolia (sales manager), R C. Pwolia (production manager). 
Estabiskcd: 197a Capital: Rs 10 lakhs. No. of employ test 10 (works); 10 (oflke). 
Subsidiaries: None. 
Annual capacity: Rolled steel 11,000 tons. 
Works: 106 Dharamtoita Road. Salkia, Howrah. Tel: 66 4662. Rolling mills: One 10", one 
9" and one 7". 
Products: Rounds from 12 to 63mm; flats from 19 x 3mm to 100 x 25mm; angles; 
octagons; squares up to 63mm; hexagons. Brands: Parolia. 

Partap Steel Rolling Mills (Amritsar) Pvt Ltd 

Head office: Partap Estates, Chhehana 143103, Dist. Amrilsar (Punjab). Tel: 41380, 
8215. Telex: 0384 202, 0384 222. Cables: Partapmill and StelroUng. 
Management: Directors: Partap Chand Mahcshwari (managing). Amir Chand Maheihwari, 
Kailash Chand Maheshwari, Parkash Chand Mahcshwari. Established: 1935. No. of 
employees: 1,080 (works); 50 (office). 
Annual capacity: Rolled steet 83,000 tons (Chhehana); 85,000 ions (Ballabguh and 
Patancheru). 
Worki: Chheharta (HO.). Works ditctor; Partap Chand Maheshwari, Sicelmaking plant: 
One 10.'12 ton GEC Birlec Model 11 'annual capacity 24,000 tons) (second furnace being 
installed 1977). Rolling milts: 6-sland 3-higb 11" cross-country and 10" rod mills for coils, 6-

STEEL EXPORTERS & MILL AGENTS 
Contact us for your requirements of steel 
Bars, Billets, Beams, Channels, Angles, Flats, Wires, Pipes, Fencing 
Materials, Bright Bars. 
We offer prompt shipments and competitive prices. 

PARIKH STEEL (PRIVATE) LTD 
116 Stephen House, 4 Dalhousie Sq. East 

CALCUTTA - 700001. INDIA 
Telex: 021-2695 Phone: 239760 CABLE: PROSPERITY 
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Par up Stetl Rolling Mills (A miitsar) Pvt Lid (continued) 
stand 3-high 12" cross-country, 4-stand 3-high 12" cross-country and 9" rod mill for coils 
(combined annual capacity 83,000 tons); 6-ittnd 3-high 14" crosscountry for special 
profiles. Other plant: Foundry (licensed for mechanite high duty iron castings by Inter
national Mcchanite Metal Co Ltd, Reigate, Surrey, UK) (present annual capacity 2,400 tons, 
projected annual capacity 6,000 tons); ferroalloy plant (ferro vanadium, low-carbon ferro-
manganese, etc.) (180 tons, own use); manufacture of rolling mills and ancillaries. 
• Pnrtap Steel Rolling Mills Pvt Ltd, 21-3 Mathura Road, Ballabgarth (Haryana). Tel: 677. 
Telex: 031 3430. Works director: A. C. Maheshwari, Steelmaking plant: One 10/!2-ton 
CEC Birlec Model 11 (annual capacity 24,000 tons), three 4/5-ton CEC Birlec Model 8 
(30,000 torn). Rolling mills: 3-high 16' cross-country mill, 3-high 14" cross-country rtvll, 3-high 
10" cross-country mill, 3-high 9" crosscountry mill (combined annual capacity 55,000 ions). 
• Partap Steel Rolling Mills Pvt Ltd, Industrial Area, Paiancheru, Dm. Medak, (Andhra 
Pradesh). Tel: 85, 38. Telex: 015 516. Works director: Parkash Chand Maheshwari. Steel-
making plant: One 10/12-ton OEC Birlec Model 11 (annual capacity 24,000 tons). Rolling 
mills: 3-high 12" cross-country mill and 3-high 14" crosscountry mill (30,000 tons). 
Products) Rounds—6 to 100mm dia., coil weights 2S0kg and !25kg; flats—25 x 3mm to 
210 x '5mm; subdurals—channels up to 200 x 100mm, equal angles up to 100 x 100 x 
6mm, and beams up to 200 x 100mm; cold twisted ban—up to 32mm dia,; special 
profiles—pole pieces and yoke flats for automobile dynamos and starters, I-beams for 
forklifls, lockrings, flanges, rims of various s im for heavy vehicles and earth movers, sections 
for engineers' files, In all, 300 different profiles are rolled. Brandt: Pariap. 
Expansion plans: Rolling of clad sections. 

Piramal Steel Ltd 

Head office: Piramal Bhavan, Ganpatrao Kadam Mare, Bombay 400013. Tel: 
376181. Telexi 011 3722. Cables) Piramaltex. 
Management: Directors: Mohanlal Piramal (chairman), J, P. Thacker, R. i. Tibrewala, G. D. 
Gupta. Sudhir Thackersey. Established: 1972. Capital: Rs 35 lakhs. No. of employees: 25 
(works); 2 (office). Subsidiaries: None. 
Annual capacity) Raw steel 18,0' J tons. 
Works: B-6 Tarapur Industrial Area, Navapur Road, Boisar, Tel: 208, Steelmaldng plant; 
One GEC direct arc furnace (annual capacity 21,000 tons on three shift basis). 
Products: Mild steel ingots, 4" x 3" x 48". 

Pradyumnna Steel Ltd (PSL) 
Head office: 112 Chittaranjan Avenue, Calcutta 700073, Ttlt 34 0043-5. Telex: 7138 
jutecoat. Cables: Prastelim. 
Management) Directors: B. L. Lohia (chairman), K. K. Lohia (managing), M. P. Khemka.S. 
K. Agorwala. M. D. Lohia. Established: 1973. Capital) Rs 18.00,000. No. oTemployees; 97 
(works); 8 (office). Ownership: Public limited company. Subsidiaries: None. 
Annual capacity: Raw steel 3,000 tons (single-shift). 
Works: No. 2 National Highway, PO Rishra, Disu Hooghly. Tel: 61 8783. Telex: 7183 
jutecoat. Works director: K. K. Lohia. Sieclmaking plant: One 5-ton SSKD-240 Hindustan 
Brown Bovcri furnace (annual capacity 3,000 tons). Other plant: Steel foundry (1,000 Ions). 
Products: Ingots—3" x 4", $)' x 6f", 4 T " x i \ \ 4" x 5". 7" x 8" and 4j" x 5 f , in mild 
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^ratfyttmnma SATSV Ltdfeonllnuttl) 
steel and EN-S. EN-9 . EN-44 and EN-43 gradea (output In 1976.3.000 loni); cailin|i of 
up to 3-3 tons (100 tons). Inmost PSL, 
BaavaalM phaaei 10-ton furnace was to bt addad to fouadry during 1977. 

Prakash Staal Products 
Haad office) IA Baisncb Ch.Seth Street. Calcutta 6 (City oftee: 18 Nr'.aji Subhai Read. 
Calcutta I). Teh 33 9623. 33 1219. CaMtsi Baglaco Calcutta. 
Management) J. Baals (panned. C. P. Bhotica (works manager), B. M. Dubey (supervisor). 
EMabfished: 1963. Capital) Rs 13 lakhs. No. of employees) 46 (30 works. 16 office). 
Ownership! Partnership. 
Works) 234 G. T. Road (North). Howrah 7. Tel: 66 4907, 66 3163. Cables: Hexaflats, 
Howrah. Works manager: C. P. Bhotica. Bright bar plant including centrdess grinders (an
nual capacity 1,290 tons). 
Pmductsi Bright steel bars—rounds 10 to 73mm. hcxagonala 10 to 33mm, squares 10 to 
30mm ami flats 23 x 12mm to 63 x 40mm (output in 1976, 1,200 tons appro*.). Brandt) PSP. 

Punjab Concast StMla Ltd 
Head offke: G. T. Road, Sherpur, Ludhiana 141003. Teh 20749. Teleii 033 
220. Cabksi Billets. 
Management) Jawahar Jain (managing director), Surcsh Chandra Dave (general manager, 
works). G. S. Bedi (commercial cum development manager), R. K. Single (secretary cum 
financial controller). Established* 1970. Capital) Authorised: Rs 23 million. Paid up: Rs 
11-448 million. No. of employees) 300 (works); 60 (office). Ownership: State government 
undertaking in joint sector. 
Annual capacity: Raw steel 40,000 tons; rolled steel 30,000 torn 
Works) Focal Point. Dhandari Kalan, Ludhiana. Tel: 29121,23611,20997. Telex: 033 220. 
Stectmaking plant: Two 12-ton GEC Birlec-U direct arc electric furnaces (annual capacity 
40,000 tons). Rolling mills: 3-high 14* mill (20,000 tons). 3 high 6* mill wilh 12" roughing 
stand (10,000 tons). 
Products) Ingots (output for period April 1976 to March 1977, 32,483 tons); bars and sec
tions—rounds from 8 to 63mm, flats from 40 x 3mm to 130 x 10mm (1,693 tons). 
Expansion plans) Plant for cold drawn rounds and cold deformed twisted bars was scheduled 
for completion i .>uly 1977. 

Punjab Iron ft Staal Co Pvt Ltd (Pisco) 
Head office: G. T. Road. Jullundur Canlt 144024. Tel: 8268,8303. Cables) Arcfurnace. 
EitaMished: 1964. Capital: Rs 10 million. No. of employees) 300 (works): 23 (office). 
Annual capacity: Raw steel 12.000 tons; rolled steel 14,000 tons. 
Works: Jullundur Cantt (H.O.). Works director: Pavitar Singh Takhar. Steelmaking plant: 
One 3tori Nikex (Hungarian) and one 3-ton Textool (annual capacity 12,000 tons). Rolling 
RV.US: One 20", one 12" and one 8* hot mill (14,000 tons). 
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Punjab Inn A Strtl Co Pvi Hi (conlnutd) 
Products: Rounds and fiats (20 to 60mm)—EN-8. EN-9, 20 Mn Cr 3,16 Mn Cr 3, EN-19, 
EN-333, EN-4620, EN-32 B, EN-S, EN-3 , and 1S-3I93; EN-43 and 43A flats; 
1SS-3883 railway sections; mild sled ban 10 to 23mm dia.; spring steel flats and rounds; 
forging quality Rata, rounds and other ben. Output in 1976. 2,698 tons. Brandsi Pisco. 

Tho Punjab Steel Rolling Mills (PSRM) 
Head offleet Old Station, Baroda 390002 (Gujarat). Td i 63960,63669. Tclen 0173 237 
wirerod brd. CaUesi Hoops Baroda. 
Management) Charansingh Chawla (partner), Harbans Singh Chswls (chief executive). 
Established! 1940 in Lahore, Pakistan; since 1948 at Baroda, Gujarat, India. Capital: Ri 3 
million. No. of employees) 360 (works); 40 (office). 
Annual eapaekyi Rolled steel 31,000 tons (on two shift basil). 
Worksi Baroda (H.O.). Works director: Harbans Singh Chawla. Rolling mills: 3-stand 3-
hich 380mm roughing mill, 4-ttand 2-high 270mm intermediate mill, 3-stand 2-high 270mm 
finishing mill and 6-stand 2-high 260mm continuous mill. 
Products) Round bars snj rods; rods in coil 8 to 12mm (coil weight 130kg, to be increased to 
200kg in Dec. 1977—see also Expansion Plana); flats 23 to 73 x 6 to 20mm; Tor steel; 
angles up to 63 x 63 » 6mm; railway track materials, incl. tie bars, dog spikes, screw spikes, 
etc. Output in 1976, 17,336 tons. 

Expansion plansi During 1978 coil weight for 6mm rods will be increased to 300kg. 

Quality Staal Tubas Pvt Ltd (Q8T) 

Head offlcet Agarwala Bldg., The Mall, Kinpur 208004 (Utlsr Prsdeih). Tell 
67121-3. Telexi 032 314. Cables) Steeltubc. 
Management: Directors: O. P.iRanilawala, Shyam Sunder Agarwal, Jai Kiihan Agarwsl, 
Des Raj Jain, Pawan Kumar Jain, Raj Kumar Jain. Export executive: S. C. Agarwal. 
Established) 1973. Capitali Authorised: Ri 20 lakhs. No. of employees* 162 (works); 23 
(office). Subsidiaries! None. 
Worksi Plant for ERW pipes and tubes (annual capacity 17,670 tons). 
Produetsi ERW steel pipes and tubes, black and galvanised, size range +* to 4* (output in 
1976. 6,973 tons). Brands) QST. 
Expansion plansi Installation of another tube mill for pipes 2* to 6"; annual capacity will in
crease to 30,000 tons. 

Rainbow Staals Ltd 
Head officei PO Box 60, Mecrut Road, Muiaffantagar (Uttar Pradesh). 
Established) 1971. Ownership) Public limited company. Subsidiaries! Rainbow Industrial 
Corp (rolling mills) (see below); Steel Industrial Corp (rolling mills) (see below); Rainbow 
Refractories Pvt Ltd (refractory works); Rainbow Foundries Pvt Ltd (iron foundry); Rain
bow Gears Ltd; Balis Rainbow Ispst Ltd, Balis (joint sector project with Uttar Pradesh 
Government) (see below). 
Works: MuiafTamagar (H.O.). Steelmaking plant: Two 10/14-ton electric arc furnaces (an
nual capacity 30,000 tons). 
fl Balis Rainbow Ispat Ltd. Steelmaking plant: Four 20/23-ton electric arc furnaces (annual 
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Rainbow S'rels Ltd (continued) 
capacity 100.000 tons). Continuous casting machines: Two 2-Jtrand for billets (120,000 
tons). 
• Rainbow Industrial Corp. Rolling mills: 8* crosscountry mill (annual capacity 4,300 
tons). 
• Steel Industrial Corp. Rolling mills: 10" crosscountry mill (nnminl capacity 9,000 tons). 
Products! Rainbow Steels Ud: Ingots (Rainbow bruml) 4* x 3" in mild steel, and to 
customer's specifications. Rainbow Industrial Corp: Rounds, squares, flats. Steel Industrial 
Corp: Rounds, squares, flats. 

Sri Rama Machinery Corp Pvt Ltd 
Held office: Catholic Centre. 5-6 Armenian Street. Madras 600001. Telt 2.1047. Telea: 
041 7723. Cables: SteelmJI. 
Establshed: 1957. Capital: Paid up: Rs 12,00,000; Authorised: Rs 25,00,000. No, of em
ployees: 97 (works). <i (office). 
Works: 101 Basin Road, Ttruvottiyur. Madras 19. Tel: 531721 Works director: Ashok 
Kumar Goel. Rolling mills: Combined semi-automatic mill—3-stand 16" roughing mil) and 
7-stand 12" finishing mill, 5 stand 10" mill, 3-stand 8* mill (combined annual capacity 36,-
000 tons). 
Products: Mild steel rounds. 6 to 32mm; cold twisted deformed bars, t to 32mm', Rats, 12 x 
3mm to 75 x 6mm; angles, 25 * 25 x 3mm to 75 x 75 x 6mm. Output in 1976, 36,000 
tons. 
Expansion plana: Bar rolling facilities to be augmented by four 200kg cotters. 

Rathi Aloys & Steal Ltd 
Head or»e«:3AVandhn», II Tolstoy Marg, New Delhi 110001. 
Established: 197a Ownei hip: Public limited company. SubeMlarlest None. 
Works: 204 Matsya Industrial Area, Dasula. Alwar. Stcdmaking plant: Two 10/12-ton 
arc furnaces (annual capacity 40,000 tons, 3 shift basis). Continuous casting machines: 
One twin-strand (30,000 tons). 
• A-1 Industrial Area. South or G. T. Road, Ghaaabad. Steetmaking plant: One 12/14 ton 
arc furnace. Rolling mills: Four ?0" roughing and finishing stands and 14" intermediate 
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Rat hi Alloy* 4 Stttl Ltd (tentlnutd) 
and 12" rod Aniihing (40,000 tons, 3 shirt bull). 
Products: Mikl, high-carbon, alloy sieel billets/ingots, rounds, squares, flats. High (ensile 
structure's and cold twisted deformed bars, high-carbon wire rods. 
General Informationi See also K. L Rathi Strys Ltd in Ute Notes. 

Rayalaseoma Steal Re-Rolling Mills 
Head office: Pathergatty, Hyderabad 500002. 
Established: 1963. Ownership: Partnership. Subsidiaries: Andhra Stetl Rolling Millst, 
Guntakal, Andhra Pradesh (manufacturers of agricultural implements, rounds, flats, angles, 
etc.). 
Works: Alur Road, Guntakal, Andhra Pradesh. Rolling mills: One 10" with four 3-high 
stands and one 12" 2-high finishing stand (annual capacity 11,000 tons); one I" with four 3-
high stands and one 2-high 9" finishing stand (12,000 ions), Other plant: Wire drawing plan! 
(12,000 tons). 
Products: Mild steel rounds, angles, flats, squares, wire, etc. 
Principal sales outlets: At Head office and Works address; also at 11/15 Car Street, Bellsry, 
Mysore. 
Expansion plans: A 3-stand 14" roughing mill was planned, but there is no recent infor
mation. 

R. J . Engineering Co ft Iron Re-Rolling Mills 
Head office: Plot No. 4, Heavy Industrial Area, Pott Box 69, Jodhpur 342002 
(Rajatlhan). Teh 21570, 21115 and 23142. Cables: Blisfut. 
Esiabfshcd: 1956. Cadtali Rs 2-25 lakhs. No. of employees: 30 (23 works, 5 office). 
Ownersklpi Partners: Sheo Raj Mohta, Om Prakash Phophaliya, 
Annual capacity: Rolled steel 4,300 tons on two shift basis. 
Workti Jodhpur (HO.). Works director: S. R. Mohii. Rolling mills: 3-high 200mm 
merchant mill (annual capacity 4,300 tons on two shift basis). 
Products: Mild steel—angles 50 x 30 x 6mm to II x 13 x 3mm; flats 100 x 12mm to II x 
3mm; hoop 100 x 3mm to 16 x 2mm; squares, rounds, octagons 50 to 6mm; gate channels 
II x 3mm. Output in 1976, 1,100 tons, 

Sail—Steal Authority of India Ltd 
Head efnset Hindustan Times House, 11-20 Kasturba Oandhi Marg, New Delhi 
110001. Telt 316191. Telei: 031 «979. Cables t Steelinda. 
Management: Board of directors: R. P. Billimoria (chairman), M. P. Wadhawan, A. C. 
Banerjce, N. C. B. Naih, S. R. Jain, P. K. Paul, Mantosh Sondhi, O, Ramaehandran, Ajit 
Motoomdar, Oopeahwar, Established: 1973. Capitali As at March 31st. 1977: Rs 20.000 
million in shares of Ri 1,000 each. Issued, subscribed and paid-up: Rs 15,571,312,000. Nt. 
•f emalcycw: Aa at September 30th, 1977: 211.236. Subsidiaries: Wholly-owned 
subsidiaries: Hindustan Steel Ud (sac below); Bokaro Steel Ud (sec below); Salem Steal Ltd 
(see below); Sail International Ud (SIL) (esport/import of ferro-alloys and import of steel); 
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Soif—SMW i4 Minority of India Ltd (combine ') 
National Mineral Development Corp Ltd (riploratkm of mineral* other than coal, oil and 
lignite; concentrates at present mainly on the development of iron ore mines; also operates 
the diamond project;; Hindustan Steelworks Construction lid (all major construction works 
connected with the setting up of steel plants, etc.); Metallurgical * Engineering Consultants 
(India) Ltd (consultancy and engineering services for Ihc ferrous and non-ferrous 
metallurgical industries); Bharat Refracted Ltd (manufacture and tale of refractories—a 
subsidiary of Bokaro Steel Ltd). Other subsidiaries: Indian Firebricks aV Insulation Co Ltd; 
Metal Scrap Trade Corp Ltd; Bolani Ores Ltd. See also Visvasvaraya Iron * Steel Ltd. 
Annual capacity: Pig iron 9.00S.OOO tons (hot metal), 2,083,000 tons (for sale); raw steel 
7,700.000 tons; rolled steel 5.844,000 tons (for tale). 
Principal sales outlets: Sail International Ltd: Home Sates Division—2 Fairlie Place, 
Calcutta 700001 (Tel: 22 2371. Telex: 021 7343 and 021 7663. Telegrams: Ispat Calcutta). 
Export Sales Offices—Industry House, 5th Floor, 10 Camac Street, Calcutta 700017 (Tel: 
44 2316. Telex: 021 2490. Cables: Sailexim.); Hindustan Times House, 13lh Floor, 
Kasturba Gandhi Marg. New Delhi 110001 (Td: 386191. Telex: 031 3986. Cables: 
Sailexim.). 

Bokaro Stoal Lad (BSD 
Head office: Bokaro Steel City 827001, Dhanbad (Bihar). Tell 6300. Telczi 068 
201. Cables: Boksteel. 
Management: S. Samarapungavan (managing director), K. M. Raju (general superintendent, 
in charge of production), K. Ramaswamy (chief, technical services, in charge of sales). 
Established: 1964. Capital: Rs 6.500 million. No. of employees: As at Dec. 31 1976: 15,595 
(works); 7.846 (office). Ownership: Subsidiary of the Steel Authority of India Ltdf, the 
holding company for public sector steel plants. Subsidiaries: Bharat Refractories Ltd, Bokaro 
Steel City. 
Annual capacity: Pig iron 885.000 tons (for sale); raw steel 1,700,000 tons; rolled steel 
1.430.000 tons (for sale). 
Works: Bokaro Steel City (H.O.). Works director: S. Samarapungavan. Coke ovens: Four 
batteries (69 ovens each) underjet twin flue compound regenerative recirculative Bimain 
collection type (annual capacity 2.397.000 tons). Sinter plant: Two Dwight Uoyd moving 
grate type, width 4m (total sinter 4,100.000 tons, skip sinter 3,700,000 tons). Ironmaking 
plant: Three 9,750mm hearth dia., 2,000 cu. m blast furnaces (2,735,000 tons). Sleelmaking 
plant: Four LD oxygen converters (1.700,000 tons). Rolling mills: 1,250mm universal 
slabbing mill (1,465,000 tons); 2,000mm strip mill comprising one 2-high roughing stand, 
four 4-high universal stands and six 4-high finishing stands (1,430,000 tons); cold rolling 
mills—one 4-stand 2,000mm tandem mill and one tingle stand 2,000mm skin pass mill 
(475,000 tins). Strip coating lines: Electrolytic tinning and hot-dip galvanizing lines 
(planned). Cther plant: Ingot mould foundry; steel foundry; iron and non-ferrous foundry; 
forge shop; structural shop. 
Products: Pig iron (output in 1976, 690,053 tons), steel ingots (789,822 tons), hot rolled coit 
(563.523 tons), hot rolled sheet (47,960 tons), hot rolled plate (199,097 tons). 
Principal sales outlets: Central Sales Organisation, 2 Fairlie Place, Calcutta. 
Expansion clans: The expansion of the plant from 1,700,000 tons to 4,000,000 tons capacity 
v. as in progress in 1977. The schedule for expansion envisages its completion by June 1979, 
except the cold rolling mills complex which will be completed by July 1981. 

Hindustan Steal Ltd (HSL) 
Head office: Ranchi 834002. Tel: 20053. 20076, 20679, 20877. 20978. Teleai 024 
209. Cables: Ispat Rarchi. 
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Salt—Steel Authority of India Ltd (continued) 
Management: Board of directors: M. P. Wadhawan (chairman), P. K. Paul (managing 
director), A. C. Banerjee. N. C. B. Nath, S. N. Acharya, R. Canapali, P. L. Agrawol, S. R. 
Jain, C. Mukherji, S. N. Kaza, C. S. V. Rao, V. A. Aitekar. Secretary: K. P. Saksena. 
Established: 1954. Capliali As at March 31st, 1977—Authorised: Rs 8.500 million in shares 
of Rs 1,000 each. Issued and subscribed: Rs 8,198.500,000. No. or employees: As at 
September 30th, 1977: 84,327 (works); 51,664 (office). Ownership: Wholly-owned by 
Sail—Steel Authority of lndi: Ltd (see above). Subsidiaries: None. 

Annual capacity: Pig iron 6,270.000 tons (hot metal). 1,205,000 torn (for tale); raw steel 
6.000,000 tons; rolled steel 4.489.000 tons (for sale). 

Worksi Bhilai Steel Plant. Bhilai 490001 (Madhya Pradesh). Tel: 2001. Telex: 0715289. 
General manager: S. R. Jain. Coke ovens: Seven batteries (455 ovens) (annual capacity 
3,063,000 tons). Sinter plant: Four 50 sq. m strands (2,040,000 tons). Ironmaking plant: Six 
blast furnaces—three 7-2m hearth dia., 886 cu. m (1,149 tons/day) and three 91m hearth 
dia., 1,489 cu. m (1,738 tons/day) (combined annual capacity 2,970,000 tons of which 
905,000 tons for sale). Steelmaking plant: Five 250-ton and five 500-ton open hearths 
(2,500,000 tons). Rolling mills: Blooming mill—2-high 1,150mm reversing (2,500,000 tons). 
Billet mill—continuous mill with 12 stands in two groups; the first group comprising two 2-
high 1,000mm horizontal stands and two vertical and two 2-high 700mm horizontal stands, 
and the second group comprising three vertical and three horizontal 2-high 500mm stands 
(1,263,000 tons of which 315.000 tons for sale). Rail and structural mill—1-stand 2-high 
950mm reversing roughing; 2-stand 3-high 800mm finishing; I-stand 2-high 800mm finishing 
(750,000 tons). Merchant mill—roughing train with four 2-high 500mm horizontal stands 
and one 400mm edger; intermediate train with four 2-high 400mm horizontal stands and 
400mm edger; finishing train of one 350mm edger and one 2-high 350mm horizontal stand 
(500,000 tons). Wire rod mfll—39-stand mill with seven 450mm roughing stands and two 
380mm stands rolling in four strands; first middle group of six 320mm stands rolling in four 
strands; two second middle groups of four 320mm stands each rolling in two strands; four 
finishing groups of four 280mm stands each rolling in single strand (400,000 tons). (Total 
saleable steel 1.965,000 tons). 
• Durgapur Steel Plant, Durgapur 713203 (West Bengal). Tel: 2360. Telex: 020217. 
General manager: P. K. Paul. Coke ovens: Four batteries (312 ovens) (annual capacity 
1,740,000 tons). Sinter plant: Two 142-7 sq. m strands (1,100,000 tons). Ironmaking plant: 
Four blast furnaces—three 8-23m hearth dia., 1,171 cu.m (1,270 tons/day) and one 884m 
hearth dia., 1.550 cu. m (1,500 tons/day) (1,700,000 tons of which 300,000 tons for sale). 
Steelmaking plant: Desiliconising station; one 120-ton and eight 220-ton open hearths 
(1,600,000 tons). Rolling mills: Blooming mill—1-stand 2-high 1,067mm reversing and 1-
stand 2-high 813mm reversing (1,600,000 tons of which 28,000 tons for sale). Billet 
mill—roughing train with two 610mm vertical and two 2-high 706mm horizontal stands and 
4-stand 2-high horizontal finishing (957,000 tons of which 342,000 tons for sale). 24" 
medium section mill—with 1-stand 2-high 660mm roughing, 2-stand 3-high 610mm inter
mediate and 1-stand 2-high 610mm finishing (211,COO tons of which 200,000 tons for sale). 
Merchant mill—roughing train with seven 2-high horizontal stands (four 406mm and three 
372mm) and iwo edgers (one 406mm and one 305mm); intermediate train with one 305mm 
edger and two 2-high 330mm horizontal stands; finishing train with six 2-high horizontal 
stands (four 330mm and two 279mm) and one 305mm edger. Skelp mill—roughing train 
with one 406mm and two 660mm edgers and six 2-high 406mm horizontal stands; finishing 
train with five 330mm horizontal stands and three 343mm edgers (250,000 tons). Other 
plant: Fishplate finishing plant (11,000 tons); sleeper plant (two presses) (75,000 tons); wheel 
and axle plant including an ingot breaker, wheel forge with 6,000-lon forging press and 
1,000-ton punching press and vertical rolling mill with 2,000-ton dishing press and one 70-
ton marking press; axle plant with forge and two 7-ton hammers (75,000 tons). (Total 
saleable steel 1,239,000 tons). 
ORourkela Steel Plant, Rourkela 769011 (Orissa). Tel: 2018. Telex: 063235. General 
manager: P. L. Agrawal. Coke ovens: Four batteries (290 ovens) (annual capacity 1,810,000 
tons). Sinter plant: Two 125 sq. m strands (1,200,000 tons). Ironmaking plant: Four blast 
furnaces—three 7 -4m hearth dia., 990 cu. m (1,000 tons/day) and one 9-0m hearth dia., 
1,448 cu. m (1,500 tons/day) (total annual capacity 1,600,000 tons). Steelmaking plant: Four 



36* Iran t S M Woiks at WM WO.U 

Soil—Steel A uthority of India L id (continued) 
80-ton open hearths, three 50-ton and two 60-ton LDs (1,800,000 tons). Rolling milts: 
Slabbing mill—2-high t,180mm high-lift mill (1,800,000 tons). Heavy plate mill—4-high 
3.100mm wide (280,000 tons). Semi-continuous hot strip mill - roughing train comprising 
one 4-high l-8m wide reversing robbing stand, one 4 high I-8m wide non reversing 
roughing stand; finishing train comprising six continuous 4 high I 7m wide stands 
(1.106.000 tons of which 140.000 tons Tor sale). Electrical sheet mill—three 2 high 1.300mm 
wide hot rolling stands comprising one roughing and two finishing stands, and three 2-high 
1,400mm wide temper roll stands (50,000 tons). CoW rolling mill complex—three cold 
reduction mills comprising two 4 high (1,700mm and 1,200mm wide) reversing mills and one 
5-stand 4-high 1,420mm wide tandem mill (669,000 tons); two 1 stand 4 high (1.700mm and 
1.200mm wide) skin pass mills and one 2 stand 4 high 1.200mm wide skin pass mill (260,000 
tons). Tube and pipe mills: Plant I—ERW tubes 8f* to 20* a d . (75,000 tons); plant 
11—spiral-weld tubes 16* to 64* a d . (35,000 tons). Coating lines: One 1,040mm wide 
electrolytic tinning line (150.000 tons); two 1,220mm wide hot-dip galvanizing lines (160,000 
tons); six hot-dip tinning pots, capable of coating sheets up to 860mm wide (30,000 tons). 
(Total saleable steel 1.220.000 tons). 
• Alloy Steels Plant, Durgapur 713208 (West Bengal). Tel: 2353. Telex: 020215. General 
manager: G. Mukherjee. Steelmaking plant: N o . l — t w o 50-ton KT electric arc furnaces; 
No.2—one NOT 10-ton electric arc fumace and one 2-ton and one f ton HF induction 
furnaces (combined annual capacity 100.000 tons). Rolling mills: Blooming mill—2-high 900 
x 2,200mm reversing mill. Sheet bar and billet mill—2-stand 2-high 700 x 1,800mm 
revi iing mill and 2 high 650 x 1,800mm and 650 x 1,300mm finishing train. Bar mill—15-
stand mill comprising one 2-high 550 x 1,525mm reversing mill; first intermediate mill 
consisting of two 450 x 1.525mm 3-Wgh stands and one 380 x 900mm 3-high stand 
arranged in train: second intermediate mill consisting of five 2-high stands (cross
country)—one 380 x 900mm. two 300 x 760mm and two 300 x 600mm; finishing mill 
(No.I) consisting of Tour 260 x 500mm 2-high continuous stands; third intermediate mill 
consisting or a 450 x 1,525mm 3-high stand; finishing mill (No.2) consisting of one 450 x 
900mm 2-high stand. Sheet nun—one 3-high 1,823 x 800/640/800mm roughing milt, one 2-
stand 1,525 x 750mm finishing mill, one cold Sendzimir mill and one 2-high 1,523 x 650mm 
skin pass mill. Other plant: Forge with one 2,000-ton hydraulic press and three pneumatic 
hammers (5-ton. 2-ton and 500 kg). (Total saleable rolled/forged steel 60,000 tons). 

Products: Bhilai: Billet mill—billets 50, 60, 74. 73 . 80. 100 and 126mm sq. Merchant 
mir—beams 100 x 25mm, 100 x 50mm. 100 x 70mm. 120 x 50mm. 120 x 58mm and 125 
x 75mm; channels 75 x 40mm and 100 x 50mm; telegraph channels 41 x 32mm; rounds 3 
to 60mm; flats 50 x 6mm to 50 x 20mm. 63 x 6mm to 63 x 18mm, 65 x 8mm to 65 x 
16mm. 75 x 8mm to 75 x 12mm, 80 x 8mm to 80 x 18mm, 100 x 10mm and 100 x 
20mm, 110 x 30mm; equal angles 40 x 4 0 x 5mm, 40 x 4 0 x 6mm, 45 x 45 x 5mm, 45 x 
45 x 6mm. 50 x 50 x 5mm, 50 x 50 x 6mm, 60 x 60 x 5mm to 60 x 60 x 8mm, 65 x 65 
x 5mm to 65 x 65 x 10mm. 90 x 90 x 6mm to 90 x 90 x 10mm. 80 x 80 x 6mm to 80 x 
80 x 12mm. 75 x 75 x 6mm to 75 x 75 x 10mm; unequal angles 65 x 45 x 6mm and 65 x 
45 x 8mm; raits 24 lb/yd; ribbed Tor steel 22 to 40mm. Rail and structural mill—fails 90 
lb/yd, 105 lb/yd. CR-80 lb/yd. CR-100 lb/yd. 50kg/yd. 60kg/yd; beams 150 x 150mm to 
600 x 210mm; channels 250 x 80mm. 250 x 85mm, 250 x 82mm, 400 x 100mm; equal 
angles 150 x 150 x tOmm to 150 x 150 x 18mm and 200 x 200 x 20mm;rounds 140mm; 
crossing sleeper bars BG; shell bars 138 x 138mm; RSP bars. Wire rod mill—wire rods 5-5. 
6. 7, 8 and 10mm. Production in 1976-77: Pig iron (hot metal) 2,796,000 tons; pig iron for 
sate 854.000 tons; ingots 2,302.000 tons; saleable blooms 20,000 tons and billets 327.000 
tons; merchant mill products 546.000 tons; rod mill products 473,000 tons; rail mill products 
653,000 tons; total saleable steel 2.019.000 tons. 

R o u k d a : Plate mill—plates 8 to 63mm; circular plates S to 12mm. Hot strip mill—plates 
3 to 7mm; chequered plates 3 to 8mm; hot rolled sheets and coil 2 to 6mm. Cold rolling 
mi l ahcets and coils 0-40 to l-60mm;blackpUtefor tinning 0 -20 to0 -50mm. Galvanizing 
plant—OP and G C sheets 0-63 to ICOmn. Electrical sheet mil—hot rolled silicon sheets 
(Mmm. Tin mil—hot-dipped and electrolytic napuM 0-20 to 0-40mm. Pine plant—ERW 
and spiraly welded pipe (API and commercial quality) 14". I 0 J \ « * • . 1 4 \ 1 6 \ 1 » \ and 
20* a d . Production in 1976-77: Pig iron (>ot metal) I.462JD00 tons; pig iron for sale 63.000 

Iran k SIMI Works of tho Wo.Id 38 S 

INDIA 

Sail—Steel Authority of India Ltd (continued) 

tons; ingots I.5C3.OO0 tons; saleable slabs 28,000 tons; plate miD products 300,000 tons; hot 
strip mill product! 306,000 tons; cold rolling mill products 277,000 tons; galvanized sheets 
129,000 tons; silicon steel sheets 15,000 tons; tirtplate 54,000 tons; pipes 65,000 torn: total 
saleable steel 1,174,000 tons. 

Durgapur: Billets 50. 65, 75, 90, 100 and 125mm sq.; shell billets 95 and 112mm sq.; 
blooms 150 and 200mm sq.; shell blooms 175, 205, 250 and 300mm sq. Merchant 
mill—rounds 12 to 50mm; squares; flats 45 x 6mm to 45 x 12mm, 50 x 6mm to 50 x 
25mm; equal angles 35 x 33 x 5mm, 35 x 35 x 6mm, 40 x 40 x 5mm, 4 0 x 40 x 6mm, 45 
x 45 x 6mm, 50 x 30 x 5mm, 50 x 50 x 6mm, 60 x 60 x 5mm to 60 x 60 x 10mm. 75 x 
75 x 5mm lo 75 x 75 x 10mm, 90 x 90 x 6mm to 90 x 90 x 12mm, 100 x 100 x 6mm to 
100 x 100 x 12mm; ribbed Tor steel 12. 16, 20, 22 and 25mm; billets 110mm sq.; shell 
billets; blooms; shell blooms. Section mill—beams 116 x 100mm, 116 x 74mm, 140 x 
66mm, 150 x 75mm, 175 x 85mm, 200 x 100mm; channels 125 x 65mm, 150 x 75mm, 
175 x 75mm, 200 x 75mm; rounds 80 and 100mm; flats 250 x 12mm to 250 x 25mm; rails 
30 lb/yd; equal angles 100 x 100 x 6mm to 100 x 100 x 12mm; bearing plate bars for rails 
6 a 8 0 , 9 0 and 91 lb/yd; fish plate bars for rails 60 ,90 , 105 and 110 lb/yd; square bars. Skdp 
mill—skelp. Production in 1976-77: Pig iron (hot metal) 1,220,000 tons; pig iron for sale 
204,000 tons; ingots 1,091,000 tons; semis and section mill products 399,000 tons; merchant 
miU products 193,000 tons; section mill products 148,000 tons; skelp 104,000 tons; total 
saleable steel 901.000 tons. 

Alloy Steels Plant, Durgapur: Alloy and stainless steels—ingots, semis, bars, sheets, pi ales 
and forging!. 
Principal sales outlets: See under Sail—Steel Authority of India Ltd. 

Expansion plans: Bhilai Steel Plant: Raw steel capacity is being expanded from 2,500,000 
tons/year to 4,000,000 tons/year. Additional products will be wide and heavy plates. 
Expansion is expected to be complete during 1981. 

Alloy Steels Plant, Durgapur: This plant is being expanded by an additional capacity of ' 
60,000 tons/year through installation of another electric arc furnace. .j-] 

Satan Stool Ltd 
Registered office: S A - 1 5 0 Railway West Colony, Salem 636005 (Tamil Nadu). Tel: Salem 
7651. Telex: 040 236 ssL Cablet: Stainless Salem. 
Management: Board of directors as at Sept. 30, 1977: V. Subramaniam (managing), S. 
Samarapungavan, I. M. Puri, P. C. Laha, T. N. Seshan, K. S. Nagi, N. S. Datar, S. T. 
Quadri, K. J. M. Shetly, Verghese Anver, T. K. Krishnadas. T. R. Ramaswamy (financial 
adviser and chief accounts officer), A. N. Ramachandra (project manager), H. R. Pardasani 
(chief superintendent, mills), Lokesh Kumar Singhal (chief superintendent, technical S. C. 
Reddy (chief metallurgist), G. Gopalan (joint financial adviser and chief accounts officer), I. 
A. Dasan (deputy chief engineer), P. V. Rao (deputy chief engineer), S. Krishnamurthi 
(secretary). Eitablshed: 1972. Capital: Authorised: Rs 1,000 million. Ptiu-up as at Sept. 30, 
1977: Rs 132-25 million. Ownership: Wholly-owned subsidiary of the Steel Authority of 
India Ltdf—a Government of India undertaking. Subsidiaries: None. 

Annual capacity (Projected for second stage by 1981): Pig iron 225,000 tons (hot metal); 
raw steel 315,700 tons (liquid steel); rolled steel 220,000 tons. 
Works: Project Office, Salem Steel Plant, Salem 636013. Tel: Salem 7621. Telex: 040 237. 
Iron ore pclletizing plant: Straight grate kiln (annual capacity 370,000 tons). Ironmaking 
plant' Three 33MVA electric pig iron furnaces (225,000 tons, hot metal). Sleelmaking plant: 
Two 40-ton electric furnaces (114,900 tons, liquid metal), two 40-ton LO converters 
(200,800 tons, liquid metal). Refining plant: Two 40-ton vacuum oxygen decarburiiau'on 
process (315,700 tons). Continuous casting machines: Slab casting facilities (294,400 tons). 
Rolling mills: One 1,420mm semi-continuous hot strip mill comprising one reversing rougher 
and six finishing stands (275,800 tons); stainless steel cold rolling miD comprising two 
1,300mm Sendzimir mils , one 1,420mm skin pass mill (65,000 tons of cold rolled stainless 



3 8 6 Iron ft Sl id W i r t i ol !h«Wo'li l 

INDIA 

Sail—Steel Authority of India Ltd (continued) 
steel sheets/strip, 5,000 tons of hot rolled stainless steel sheets/strip, 75,000 tons of hoi rolled 
mild attd special steel shccls/sthp); silicon steel cold rolling mill comprising one 4 high 
1,220mm reversing cold reduction mill, one 1.220n<m skin pass mill and two continuous 
annealing lines (75,000 tons). 
Products: Stainless steel sheets/strip—cold rolled 0-3 to 3-15mm thick, 1,200mm max. 
width, hot rolled 3 to 6mm thick, I,230mm max. width; electriciJ steel sliecls/sUip—cold 
rolled non-grain oriented 0-35 to 1mm thick, 1.000mm v.'.an. w illli, mild and special steels 
(high, medium and low carbon)—hot rolled sheets/strip 2 to 5mm tliick, 1,230mm max. 
width. See also Additional information. 
Principal sales ouUets: Branch offices: 19 Commander in Chief Road, Madras 600008; F-l 
Chandralok, 36 Janpath, New Delhi 110001. 
Additional information: The project is planned in two stages. In the first, to go on stream in 
1931, one Sendzimir mill and ancillary plant for stainless steel (annual capacity 32,000 tons) 
will be installed. In the second stage the plant will become integrated to give the following 
product mix: Sheet/strip—cold rolled stainless sted 65,000 tons/year, hot rolled stainless 
steel 5,000 tons/year; cold rolled non-gram oriented electrical sted 75,000 tons/year; hot 
rolled other special steels (high, medium and low carbon) 55,000 tons/year; hot rolled mild 
sted 20,000 tons/year (totalling 220,000 tons/year). 

Sakamari Steel & Alloys Ltd 

Head office: 68 Mittal Chambers, Nariman Point, Bombay 400021. Td: 292014, 
295588. Cables: Makhindu Bombay. 
Management: Directors: Radhakrishna B. Makharia (chairman), Chimanla! R. Bhartia, 
Govindnarayan Somani, Ganeshnarayan Jatia, Mohanlal R. Jatia (alternate to G. N. Jatia), 
Rajendrakumar Sethi. Established: 1972. Capital: Rs 20 lakhs. Ownership: Public limited 
company. 
Annual capacity: Raw steel 11,000 tons. 
Works: M1DC Industrial Area. Hingna. Nagpur. 
Products: Mild steel ingots, alloy steel ingots, castings, etc. 
Principal sales outlets: Head office address and Sakamari House, 12 North Ambajhari Road, 
Nagpur 440010. 

Salem Steel Ltd—see Sail—Steel Authority of India Ltd 

The Sandur Manganese & Iron Ores Ltd (Smlore) 
Head office: Lohadri Bhavan. Yeshwantnagar, PO Via Sandur, Bellary DisL 
(Karnataka). Tel: Sandur 33. Telex: 427. Cables: Smiore Yeshwantnagar. 
Management: S. Venkatramiah (chief executive and ««"*Ttary}. S. Y. Ghorpade (general 
manager), S. V. Acharya (assistant chief executive), K. Mahadevan (manager, exports), K. 
R. Ramesh (sales manager), Batakrishn* Sharma (purchasing, officer). Eitabished: Mining 
company established in 1954. Pig iron pit at commissioned in 1968. Capital: Rs 30 million. 
No. of employees: 435. 
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The Sandur Manganese A Iron Ores Lid (continued) 
Works: Vyasankere. Tel: Hospel 275. Works director: S. Y. Ghorpade. Pig iron and ferro-
silicon plant with 15 MVA submerged arc furnace (annual capacity 40,000 tons) and 20 
MVA ferro-silieon furnace (24,000 tons). 
Pruducis: Pig iron (machine cast with three notches) (output in 1976, 23,053 tons); ferro-
silicon. 
Principal sales outlets: Belgium: Ste Commerciale des Mines, Minerals & Metaux 
(Socotroisem), 534 Avenue Louise, Brussels 5. 
Expansion plansi Additional ferro-silicon furnace. 

Sanganeria Co Pvt Ltd 
Head office: 9 jagmohan Mullick Lane, Calcutta 7. Telt 33 9932, 33 3976. Cables: 
Homerule. 
Management: Directors: B. D. Sanganeria. B. N. Sanganeria, M. L. Sanganeria, H. R. 
Sanganeria. Established: 1944. Capital: About Rs 30 lakhs, inclusive of reserves. No, of 
employees: 150 (works); 11 (office). Subsidiaries: None. 
Annual capacity: Rolled steel 48,000 tons (on two shift basis). 
Works: 5 Ahmad Mamoojee Street, Lilooah, Howrah. Tel: 66 3606. Works director: M. L. 
Sanganeria. Rolling mills: One 3-stand 3-high 14716' mill and one 6-stand 3-high 10712' 
mill (annual capacity 48,000 tons on two shift basis); one 5-stand 3-high mill for special 
sections (3,000 tons on two shift basis). 
Produets; Rounds, flats, channels, angles, twisted deformed reinforcing rounds, window 
sections. 
Expansion plans: Automatic plant for producing wire rod in coil. 

Scanind Trading Pvt Ltd 
Head office: 47 Hide Road, Calcutta 700027. Tel: 45 1731. Telex: 021 7309 apeejay 
ca. Cables: Valsverk. Registered office: 15 Park Street, Calcutta 700016. 
Ownership: Apeejay-Surrendra group. 
Works: Calcutta. Tube and pipe mills: Plant for 2" to 6" HF wdded tubes (annual capacity 
48,000 tons). 
Products! General purpose black and galvanized tubes (IS, BS, ISO, ASTM); line pipe (API 
and IS); tubes for mechanical, structural and engineering purposes (IS, BS, ISO). Large-size 
cold-formed welded structural steel square and rectangular tubing will also be produced. 

Shiv Chand Aggarwal 
Head office: Tanda Road, Jullundur City (Punjab). Tel: 4360. Telm 0385 
219. Cables) Kaysted. 
Management: J. C. Bajaj (chief engineer), Manohar Lai (manager). Established: 1942. No. of 
employees: 163 (works); 22 (office). Ownership: Subsidiary of Khem Chand Vijay Kumar 
Metal Industries (P) Ltd, Jullundur City, which is a private limited company with a share 
capital of Rs 5,70,020. 
Annual capacity: Rolled steel approx. 14,000 tons. 
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Sh fv Chand Aggarwal (continued) 
Works: Rolling mills: 3 high 8" semi-continuous (repealers type) mill (annual capacity 6,000 
ions); one 10" finishing train comprising four 3-high and one 2 high stands (7,728 tons). 
Products: Bars and rounds; bolls and nuts; muHcal- t castings. 

Singh Alloys & Steel Ltd 

Head office: 127/10/1 Manicktolla Main Road, Calcutta 700054. Tel: 35 1102, 35 
3431. Telex: 7764 jeeten Calcutta. Cables: Singhspal Calcutta. 
Management: Directors: Balvir Singh, Birendra Singh, Mahendra Singh, Jitendra Singh 
(technical). Established: 1972. Capital: Rs 100 lakhs. No. or employees: 34 (works); 4 
(office). 
Annual capacity: Raw steel 18,000 tons. 
Works: Plot No. 34, Block D", Kalyani, Dist. Nadia (West Bengal). Tel: Kalyani 599 and 
25G. W»ks director: Jitendra Singh. Steelmaking plant: One 10-ton Model 11 electric arc 
furnace (annual capacity 20.000 tons). 
Products: Steel ingots 4" x 3" x 54"/66' (output in 1976, 3,836 tons). 

Soman! Steels Ltd 

Head office: 51/27 Nayaganj, Naughara, Kanpur. 
Eatabliihedi 1972. Subsidiaries: None. 
Works: Sonik, Unnao (Uttv Pradesh). Steelmakmg plant: Two 10/12-ton Hindustan Brown 
Bove.-- SSKD-320 basic electric arc furnace* (annual capacity 36,000 tons). 
Products: Pencil ingots 4 f x 3 f x 66", 4 f x 3+* x 32*. 4* x 3* x 66* in mild steel and 
low-alloy engineering steels as per ISI specifications. 
Expansion plana: Billet plant (annual capacity 50,000 tons) with two 23/30-ton arc furnaces 
and continuous casting machines; 40,000 tons per year of low-alloy engineering steel with 
arc furnaces; plant for special type of wire, producing 15,000 tons annually. 
Additional information: Connected with Indian Rolling Millst-

The South India Steel & Starch Industries 

Head office: Pos< Box 207, Nattamangalarc Main Road, Nethiraedu. Salem 636002. Tel: 
5419. 5243. Cables: SahumiUs Sair-m 2. 
Established: 1967. Capital: Rs 4,00.000. No. of employees: 75. Subsidiaries: None. 
Annual capacity: Roiled steel 14,400 tons. 
Works: Sa'em (H.O.). RoUing mil*: 7* mil (annual capacity U 0 0 torn). 9* mill (8,100 
tons). Other plant: Co'.J drawing plant for bright bar shafting (4,500 ions). 
Products: Mild stee! rounds 5 to 25mm dia, flats 12mm wide x 3mm thick to 75 x 12mm 
max, squares 6 to 25mm and angles 25 x 25 x 3rr.m to 65 x 65 x 6mm (output in 1976, 
3.000 tons); bright bar shafting 5 to 75mm dia., bright squares 6 to 25mm and bright flau 10 
x 3mm to 65 x 12mm (1,200 tons). 
Expansion plans: It is proposed to put in a roughing mill to increase rolling mills' output 
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Southern Steelmet & Alloys Ltd 

Head orflce: 29-2 K H Road, Bangalore 560027. Tel: 52357. Cables: Steelalloy. 
Management: 1. S. Mittal (managing director), S. Subba Rao (technical adviser), 
Kaglmvcndra Rao (secretary), D. Venkatesh Gupta (sales officer), N. K. Agarwal (works 
mannger). Established: 1971. Capital: Rs 36.40,000. No. or employees: 250 (220 works, 30 
office). Ownership: Public limited company in Mittal group of companies. Subsidiaries: 
Associates: Southern Steel Ltd, Universal wires Ltd, Andhra Steel Corp Ltd, Deccan Pipes 
& Tubes Lid, Rukmani Steel Industries Pvt Ltd. 
Annual capacity: Rolled steel 54,000 tons. 
Worksi Bangalore. Rolling mills: Roughing with three 3-high 430mm stands; intermediate 
with nine 2-nigh 300mm alternate stands; continuous with six 2-high 300mm continuous 
stands. 
Produetsi Mild steel wire rods 6 to 12mm dia. (coil weight about 230kg) including cold 
heading and electrode quality; high-carbon wire rods for ACSR wire rope, steel for 
prestrcssed concrete, spring steel, cycle spokes, umbrella rib, tyre bead wire, etc.; alloy steel 
flats, squares and rounds in spring steel, carbon chrome and forging quality; Tor-40, Tor-50 
and Tor-60 for reinforced concrete work in 6mm, 8mm, 10mm, 12mm, 16mm, 18mm, 
20mm, 22mm, 25mm, 28mm and 32mm dia.; Tor-90 high tensile reinforced steel for 
prestressed concrete work in 5mm, 6mm, 7mm, 8mm, 9mm, and 10mm dia., andTorkari for 
reinforced concrete construction in main reinforcement and secondary reinforcement in sizes 
4mm, 5mm, 6mm, Bmm, and 10mm dia. 
Principal sales outlets: Heed office address; also Moula Ali, Secunderabad, Andhra Pradesh, 
Cochin, Kerala, Coimbatore, Madras, Tamil Nadu, Panaji Ooa, Hubli Karnataka. Sici Ltd. 
Tehran, Iran. M. H. Borno & Co, Kuwait. 
Expansion plant: 10-stand monoblock with controlled cooling with a coil weight of 500kg 
following the existing continuous standi. 

Sponge Iron India Ltd (SHI) 
Head officei 1-6—183/2 Hydergudi, Hyderabad 500029. Tilt 32309. Tetixi 
274. Cables: Spongeiron. 
Managementi Chairman: M. Venkataratnam. Executive director: S. Van gal a. Directors: A. 
N. Rajagopalan, H. P. Misra. P. V. R. K. Prasad, M. Gopalakrishna. Established: 1975. 
Capital: Rs 110 million. Ownership: Government of India and Andhra Pradesh Industrial 
Development Corp Ltd (an undertaking of the Government of Andhra Pradesh). 
Subsidiaries: None. 
Annual capacity: Sponge iron 30,000 tons. 
Worksi Industrial Development Area, Paloncha, Khammam Dist. (Andhra Pradesh), Tel: 
70. Works director: S. Vangala. Ironmaking plant: Rotary kiln direct-reduction plant (annual 
capacity 30,000 tons). 
Productsi Sponge iroa The plant is expected to go into production in 1979. 
Additional Information: The plant is being set up with the assistance of the United Nations 
Development Programme arid Unido for the development of a direct-reduction process 
suit*bit for Indian ores and coal. It is envisaged that the plant will be expanded at the earliest 
practicable stage to achieve an annual production of 100,000 tons. 

INOEX to companies includes cross-references to companies whose names have changed in 
recent years, divisions which are listed in the main part of the book under their parent 
companies, etc. 
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Star Steel Pvt Ltd 

Head aflatat Opposite Makarpura Railway Station. Maneja (POX Baroda 3917ia Tel: 
4631, 4348. Telex: 0173 346. Cablet: Slanted Baroda. 
Management: C. S. Chawla (managing director), Y. S. Ookhalc (chief executive, sales and 
marketing^ Established: 1972. Capital: Share capital: Ks 2,300,000. Paid up: Rs 1,300,000. 
No. of employees: 478 (works); 89 (office). 
Annual capacity: Raw steel 42,000 tons (steel ingots); rolled steel 31.300 tons. 
Works: Baroda (H.O.). Works director: C. S. Chawla. Steelmaking plant: One 10/12-ton 
SSKD-320 HBB electric arc furnace and one 10/14-ton Model-11 GEC .' jctric arc furnace 
(annual capacity 42.000 tons). Rolling mills: 4-stand 3-hu>\ i4* rougrung mill, 4-stand 3-high 
10* intermediate mitt and 3-stand 2-high 12* finish!« miU (31.300 tons). Other plant: 
Fabrication Division manufactures railway track ras°eners. 
Products: Mild, carbon and low-alloy grades of steel mcots in various sixes (output in 1976, 
13.202 tons); bars. rods, flats, angles. Torsied and coW twisted deformed bars, etc. in sixes 
ranging from 12 to SOmm dia. (2,849 tons); railway track fasteners such as screwipikes. 
dogspikes, roundspikes, modified loose jaws, two-way keys, rail anchors, etc (3,372 tons). 

Steel Complex Ltd 
Head office: Wisco Manor. Feroke 673631 (Kerala). Tel: 8331. Teles: 0834 202 wisco 
CL Cables: Seccom Feroke Kerala. 
Management: Chairman: K. T. Chandy. Managing director: S. A. Jifri. Director-in-charge: 
V. K. S. Mcnoa Non-executive directors: N. Ramanand Rao, B. N. Khosla. P. M. Thomas, 
K. Chelliah, A. K. Kaderkutty. Maharaja of Tripura, A. R. Sankaranarayanan. Works 
manager: M. P. Kudve. Financial controller: K. N. Perumal Pfllai. Personnel manager: C. 
Mohammed. EstabSshed: 1969. Capital: Authorised: Rs 30 million. Issued and subscribed: 
Rs IS million. Ownership: Public limited company. Subsidiaries! West India Steel Co Ltdt. 
Feroke (re-rolling mill—annual capacity 44,000 tons). 
Works Steelmaking plant: Two 10/12-ton Birlec/GEC electric arc furnaces (annua) capacity 
37,000 tons). Continuous casting machines: One 2 strand Concast S type for billets 100mm 
so,. (30.000 tors). 
Products: Steel (diets 100mm sq. in mild, medium carbon, and spring steel grade*; special 
and alloy steel ingots, 114 5 x 89cm and 102 x 76cm;Torsteel 8mm, 10mm, 12mm, 14mm, 
16mm, 18mm. 20mm and 25mm dia.; rounds 6mm. 8mm, 10mm, 12mm, 14mm. 16mm, 
18mm, 20mm ar>1 23mm dia.; squares 10 and 12mm •ia. 
Additional information: Works came into operation during 1973 and 1974. West India Steel 
Co became a subsidiary in July 1976. 

Steel Industrial Corp—see Rainbow Steels Ltd 

Steel Ingots Pvt Ltd 
Head office: Trivedi Chambers, 2 Maharani Road, Indore 432001 (Madhya Pradesh). Tel: 
3323a 37499. Cabke: Steelingot 
Management: Directors: K. S. Trivedi (managing), V. P. Gupta (technical), R. R. Agrawal, 
M. L. Agrawal. M. L, Aeron. K. C. Dhoot, M. Odhvji, P. D. Gupta. Established: 1973. 
Capteh Issued: Rs 15.00.000. No. of employees: 80 (works); 10 (office). Subsidiaries: None. 
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Sittl Ingots Pvt Lid (contlmud) 
Annual capacity: Raw steel 10,000 tons. 
Works: Agra Bombay Road. Dewas (Madhya Pradesh). Tel: 429 and 366. Works drrnetor: 
V. P. Gupta. Steelmaking plant: One 3/7-2-ton KGYV electric arc furnace (annual capacity 
10,000 tons). 
Products Steel ingots 4* x 3* and 4 T* x 3f* (output in 1976, 4,081 Ions). 
Principal sales outlets) 20 Panchal Bldg., Dariyapur, Ahmedabad. 
Expansion plans: Setting up of a rolling mill. 

Steel Rolling Mills of Hindustan Pvt Ltd 
Head office: 47 Hide Road, Calcutta 700027. Tel: 43 1731. Teles: 021 7309 
apecjay. Cables: Vaisverk. 
Management: S. P. C. Miglani (director), Surrendra Paul (technical adviser). Established: 
1933. Capital: Authorised: Rs 10 million. Paid up: Rs 3,300,000. No. or employees: 400 
(works); 30 (office). Subsidiaries: None. 
Annual capacity: Raw steel 24,600 tons; rolled steel 80,000 tons. 
Works: Calcutta (H.O.). Works director: S. P. C. Miglani. Steelmaking plant: Two direct arc 
electric furnaces—one 6-ton (annual capacity 16,200 tons), and one 4-ton (8,400 tons). 
Roiling mills: 3-stand 3-high 430mm mill; 3-stand 3-high 330mm mill combined with an 
alternative 7-stand 2-high 230mm mill; 4-high cold mill; 2-hjgh cold mill. Other plant: Steel 
foundry; roll foundry; bright bar plant. 
Products: Reinforcing and round bars 8 to 105mm dia, squires 10 to 75mm and fists 50 x 
6mm to 150 x 32mm (output in 1976, 21,334 tons); bright steel shafting rounds f (12mm) 
to 3* (75mm) (1,878 tons); iron and steel rolls for rolling mills up to 3,000kg and 600mm 
barrel dia. (140 tons); steel castings up to 7,000kg (341 tontX Tool steels in rounds, Aais and 
squares—high-carbon high-chromium, high-speed steel (18-4-1), 5% chromium hot die 
steel, and shear blade steel (squares and flats only) (106 tons). Martena'tic stainless steels to 
AISI410 and 420 specifications in rounds, squires and flais (29 torn). Auitenitic (18/8) cold 
rolled stainless steel sheets or strip up to 28g (0-4mm), and up to a mix. width of 300mm. 
Brands: Leopard (high-carbon high-chromium steel); Cheetah (high-speed steel); Hippo Hll 
(5% chromium hot die steel); Hippo H 13 (5% chromium hot die steel); Alligator S1 (shear 
blade steel). 
Principal sales outlets: 24 Baroda Street, Bombay 400009; 15 Parliament Street, New Delhi 
110001. 
Expansion plans: ERW plant for pipes |" to 6* dia. and structural hollow sections was due to 
start up in 1978. Products will include general purpose tubes, line pipe and tubes for 
mechanical, structural and engineering purposes. 

Steel Tubes of India Ltd 
Head office: Station Road. Dewas 455001 (Madhya Pra^sh). Teh 542-3 and 
644. Telex: 0735 242. Cables: Sleeltubc 
Management: R. B. Baheti (managing director), K. N. Garg (commercial director), M. L. 
Baheb (technical director), B. S. Duggar. Established: 1959. Capital: Rs 25,00,00,000. No. 
of employees: 210 (works); 65 (office). Subsidiaries: None. 
Works: Plant for electric resistance HF longitudinally welded low-carbon nee) tubes and cold 
drawn electric wdded steel tubes (annual capacity 8,000 tons). 
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Sw»/ Thee* of India Lid (continued) 
Products: ERW tubes. IS to 63mm o.d. and 0-7 to 3mm wall thickness (output in 1976, 
6.000 ton); cold drawn ERW lubes (2.000 tons). 
Principal sales outlets: 413/416 Jolly Bhavan N a 1,10 New Marina Lines, Bombay 400020; 
82 Royapettah High Road, Madras 600004; I4S Cycle Market, Jhandhewalan. New Delhi 
110033; 77 Fazalganj. Factory Area, Kanpur 208012; Bhagwan Chowk, Praup Nagar. 
Industrial Area B. Ludhiana 141003. 
Expansion plans: By January 1,1978 it was planned to raise total production to 30,000 tons 
a year and add to range, tubes 20 to 100mm o.d. with wal thicknesses of 1 to 3mm. 

Suriendra Industries (Bombay) Pvt Ltd 

Head office: 24 Baroda Street. Bombay 400009. Tell 32 1911. Telesi Oil 2433. Oil 
3391. Cable.: Apeejay. 
Management: Directors: S. P. Sharma. Surrcndra Paul. S. K. Sharma. Established: 1939. 
Capital: Authorised: Rs 3 million. Paid up: Rs 3.209,000. No. of employee): 600 (works); 30 
(office). Subsidiaries: None. 
Annual capacity: Raw steel 40.000 tons; rolled steel 63,000 tons. 
Works: Second Pkharan Road. Majwada, Thana. Tel: 39 1981. Works director: S. K. 
Sharma. Steetmaking plant: Two direct arc electric furnaces—one 3-ton (annual capacity 
10.000 tons) and one 10-ton (30,000 tons). Rolling mills: 3-stand 3-high 330mm mill in 
combined operation with 5-stand 3-high 223mm mill (40,000 tons); two 3-high 200mm mills 
(10,000 tons each). 3-high 130mm mill (3.000 tons). Tube and pipe mills: ERW tube plant 
(i* to 2 7 * dia.). ERW tube plant (V* to 3" dia.\ Driam spiral-weld pipe mitt (6" to 24* dia.). 
Products: Mild steel ingots and castings; reinforcing rounds, squares. Rats, angles and 
channels; black and galvanized ERW pipes and tubes; spiral-weld pipes. 

Tatoja Rolling Mills 
Head office: 86-92 And hen Kurla Road. Bombay 400039. Tell 376331. Teles: 011 
3876. Cables: Rubycoach. 
Management: Partners: D. S. Kapashi. S. C. Befna. Established: 1973. Capital: Rs 
5,400,000. No. of employees: 70 (works); 6 (office). Ownership: Partnership. Subsidiaries: 
None. 
Annual capacity: Rolled sted 12.000 tons. 
Works: Plot Al M1DC Area. Taloja Dist Tel: 87 Teles: 011 3876. Works engineer: N. L. 
Shah. Rolling mills: 6-stand 230mm (annual capacity 12,000 tons). 
Products: Mild steel rounds, Rats and angles; window sections, tees, squares (output in 1976, 
3.000 tons). 

Tamil Nadu Steels 

Head office: Arakkonam 631004 (Tamil Nadu). Tel: 279.282,283 and 301. 
Established: 1972. Capital: Rs 7-3 crores. No. of employees: 600. Ownership: Tamil Nadu 
Industrial Development Corp Ltd (Government of Tamil Nadu enterprise). 
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Tamil Nadu Sleth (continued) 
Annual capacity: Raw steel 40,000 tons. 
Works: Arakkonam (H.O.). General manager: Thiru R. Rajamani. Sieebnaking plant: One 
23-ton electric arc furnace (Russian make) (annual capacity 40,000 tons). Continuous 
casting machines: One 4-strand vertical mould type for billets 100mm sq. (100,000 tons). 
Products: Continuous cast steel billets 100mm sq., in various specifications (plain carbon 
steels, spring steels and low-alloy steels) (output for year 1976-77, 28,948 tons). There are 
arrangements with various rolling mills for conversion of billets into rebsrs and merchant 
bars. 

The Tata Iron & Steel Co Ltd (Tisco) 
Head office: 24 Homi Mody Street, Bombay 400023. Tel:25 91 31. Teles:Oil 2618and 
2731. Cables: Ironco Bombay. 
Management: Directors: J. R. D. Tata (chairman), N. A. Palkhivala (deputy chairman), S. 
Moolgaokar (vice chairman), H. V. R. lengar, S. K. Nanavati, Keshub Mahindra. M. P. 
Wadhawan, H. T. Parekh, R. B. Pradlian, Akbar Hydari, S. A. Sabavala, Mantoih Sondhi, 
R. H. Mody (managing), P. Anant (deputy managing), H. P. Bodhanwalla (executive). 
Established: 1907. Capital: Rs 63 crores. No. or employees: 60,900. Ownership: Public 
lirmted company. Subsidiaries: Belpahar Refractories Ltd (steelworks and other refrac
tories). 
Annual capacity: Pig iron 1,900,000 tons; raw steel 2,000,000 tons; rolled steel 1,300,000 
tons. 
Works: Jamshedpur 831001, Via Tatanagar, S. E Railway (Bihar). Tel: 3600. Telex: 026 
201. Works director: P. Anant. General Manager (Operations): D. P. Kharia. Coke ovens: 
6$ batteries (348 ovens) (includes one battery of 34 ovens, being rebuilt). Sinter plant: Two 
2-3 x 30m strand Lurgi plants (annual capacity 1,000,000 tons). Iron ore pelleuzing plant: 
Grate kiln type (850,000 tons). Ironmaking plant: Six blast furnaces—<A) 72m hearth dia., 
937-4 cu. m (328,000 tons); (B) 62m hearth dia., 633-3 cu. m (267,000 tons); (C) 6-2m 
hearth dia, 608-4 cu. m (267,000 tons); (D) 7-2m hearth dia., 937-4 cu. m(329.000 tons); 
(E) 5-6m hearth dia., 558-3 cu. m (197,000 tons); (F) 8-5m hearth dia, 1,334-4 cu. m 
(512,000 tons). Other ironmaking plant: Pilot plant for pre-reduced pellets, kiln type, coal 
fired (3,600 tons). Steelmaking plant: No. 1 Shop—four 85-ton basic open hearths (160,000 
ton,), two 3-ton electric arc furnaces (18,000 tons); No. 2 Shop—three 23-ton Bessemer 
converters, two 250-ton and one 200-ton basic open hearths (700,000 tons); No. 3 
Shop—three 32-ton Bessemer converters, six 200-ton and two 190-ton basic open hearths 
(1,122,000 tons); two 10-ton Adityapur electric furnaces (30,000 tons). Refining plant: 
Eledroslag refining plant (7,000 tons). Continuous casting machines: Straight mould type 
(30,000 tons). Rolling mills: No. 1 merchant mill—356mm (14*) semi-continuous cross
country mill and N a 2 merchant mill—480mm (18i*) continuous mill (300,000 tons); 3-
high 96* plate mill (120,000 tons); 2 high 16* strip mill with eleven 16"/14" stands and five 
16"/12* edging stands (206,000 tons); three semi-mechanised sheet mills with 3-high 
838/508mm roughing and 2-high 813mm finishing, and three hand-operated sheet milts with 
2-high 813mm roughing and 2-high 813mm finishing (180,000 tons); rail and structural mill 
with one 2-high 35* reversing roughing, one 2-stand 3-high. 28* roughing and intermediate, 
and one 2-high 28* finishing (100.000 tons); one 28" semi-continuous cross-country medium 
and light structural null (180,000 tons); wheel, tyre and axle plant with one horizontal 
Edgewater mill for wheels and tyres, and one 7-ton steam hammer and one 3-ton steam 
hammer for axles (27/100 tons). 

Products: Billets (output in 1976, 330,200 tons); other semis (183.700 tons); rails (23,800 
tons); wheels, tyres and axles (22,100 tons); structural (177,600 tons): bars and rods 
(356.500 tons); strip (178,200 tons); plates (including chequer) (117,300 tons); uncoatcd 
sheets (94,200 tons); galvanised sheets (plain and corrugated) (29,300 tons); electrical steel 
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The Tmta Iron 4 Star/ Co Lid (continued) 
sheen (24JO0 tons); rolled rings; agricultural implements, such as picks and shovels. Bread)! 
Tiavent (Via ban). 
n i i t j a l n i ts ovists: Sales offices—Imperial Restaurant BMg,, Relief Road, Ahmedabad 
380001; 20 J Mahatma Gandhi Road, Bangalore 360001; New India Assurance Bldg., 87 
Maharma Gandhi Road, Fort. Bombay 400023; Minerva Bkt|., XXXIII/940 Mahatma 
Gandhi Road, Ernakuiam, Cochin 682011; Bank of Baroda Bldg., 3rd Floor, 16 Parliament 
Street. New Delhi 110001; Jamshedpur Sates Stockyard, c/o General Manager's Office, The 
Tata Iron a Steel Co Ltd, Jamshedpur 831001; Grand Trunk Road, Civil Lines. Jullundur 
Chy 144001; Navroa Bkig., The Mall. Mahatma Gandhi Road. Kanpur 208001; Indian 
Bank Hdg,. 3rd Floor. 17 North Beach Road, Madru 600001; Commercial Road, Nagpur 
440001; 146 Pataliputra Colony. Patna 800013; 126 Sarojini Devi Road, Secunderabad 
300003; Andhra Bank BUg.. Raja Rangayapparao Street. Vyayawada 320001. Principal 
overseas agents—Tata Inc. 423 Park Avenue. New York. NY 10022. USA; Tata Ud, 18 
Grasvenor Place. London, SV71X 7HS, UK. 

Tl Metal Sections (Tl Metsec) 
Head oAcaiTiam House, 11/12 North Beach Road, Madru 600001. Ttli30191. Tcleii 
iOt. Cables: Teeaye. 
ruaaagiaiinii A. M. M. Arunachalam (chairman and managing director, TTJ Ltd), M. V. 
Arunachalara (managing director. Til LtdX T. K. Joshua (general mfinager. Tube ProducU 
of India), EstaMtahedj 1966. Ownership: Tube Investments of India Ltd (Til). 
Works: Avadi. Madru 600034. Tel: 680448 Tela: 041 436. General manager: T. K. 
Joshua. Plant for cold forming sections (annual capacity 2,300 tons). 
Products: Angles 76-20 x 7620mm to 22-20 x 1903mm (22 to 12swg); channels 101-60 
x 30-SOmm to 23-40 x 12-70mm (13 to 23swg); lipped channel; top hat (plain and lipped) 
76-20 x 12-70 x 10001mm (20swgX 25-38 x 13-88 x 63-30mm(16swg); Usection 3020 
x 2220mm (17swgX 31-80 x 21 •40mm (!8swg); shutter lath; ti»*e guide channels; bottom 
plates; close joint tubes 12-70 to 1903mm (rectangular 27-70 x I4-98mm); window 
sections 32-30 x 4-10mm (20swg); C sections 20-20 x 13-90 x 6-40mm (16swg); partition 
sections; electrical trunkings; triangular creel sections; side wall sections. Output in 1976, 
appro*. 2J9I tons. Brands: Meisec. 
Prmdpal sales outlets: T. I. ft M. Sales Ltd, PB I960, Madru 600001; also at Bombay, 
Calcutta. New Delhi, and Ludhiana. Collaborators: Metal Sections Ltd (Tl Metsec)T. 
Oldbury, Birmingham, UK. 

TheTinplate Co of India Ltd 

Head office: 4 Bankshall Street, Calcutta 1. 
Established: 1920. Ownership: Subsidiary of Burmah Oil Co Ltd, UK. 
Works: Golmuri, Jamshedpur (Bihar). Rolling mills: Seven hot rolling miDs; cold mills. Strip 
coating lines: Hot-dip tinning lines (annual capacity 70,000 tons). 
Products: Hot-dipped linplate. 
Expansion plans: A combination electrolytic tinning/tin-free steel coating line built by Wean 
(annual capacity 85.000 tons) was scheduled to be commissioned in 1973, using processes 
developed b> US Steel. 
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Trichy Steel Rolling Mills Ltd 

Head office: Post Boa No. 702, Senthamipuram, Golden Rock, Tiruchirapalli (Tamil Nadu). 
Established: 1961 as private company; 1962 u public company. 
Works: Senthannipurem, Tiruchirapalli 4 (Tamil Nadu). Rolling mills: One 14* roughing and 
one 10" finishing (annual capacity 44,000 tons on double shift buis). 
Products: Mild steel reinforcing rounds and cold twisted deformed mild steel reinforcing bars 
(Grip Bars). 
Expansion plans: One 2,080/2,300 kVA 3-ton nominal capacity electric arc furnace, for 
production of billet size ingots, may have started up. 

Tube Products of India (TPI) 

Head oTflceiTlam House, 11/12 North Beach Road, Madras 600001. Tell 30191. Teles: 
301. Cables: Teeaye. 
Management: A. M. M. Arunachalam (chairman and managing director, Til Ltd), M. V. 
Arunachalam (managing director. Til Ltd), T. K. Joshua (general manager, Tube Products 
oflndia). Established: 1937. No. of employees! 1,201. Ownership! Tube Investments of India 
Ud(TIl). 
Worksi Avadi, Madras 600034. Tel: 680448. Oeneral manager: T. K. Joshua. Rolling mills: 
Two 4-high 12' cold roiling miiis {annual capacity 30,000 tons), two 2-hit.h 12* skin pan 
miDs. Tube and pipe mills: ERW tube mill—j* to 2 f o.d.; two RF tub* mills—one +" to 2+* 
ad. and one Y to 3* o.d. (30,000 tons). 
Products: ERW mechanical tubes !2-7mm ty* o.d.) to 7620mm (3* o.d.), gauge from 
406mm (8swg) to 0-7lmm (22swg); pressure tested tubes to BS 3039/3, 3059/4 and 
equivalent Indian Standard Specification up to 76-2mm (3* o.d,) and Sswg (406mm) 
thickness; cold drawn welded lubes; non-circular section tubes—rectangular, square, 
elliptical, triangular, D section and fiat tided oval section tube (output in 1976, approx. 
13,412 tons). Cold rolled strip in tempers from dead soft to full hard either in coils or in 
cropped lengths up to 304-80cm (10') and widths from 3-81 to 30-48cm ( I f to 12") and in 
gauges from 12swg to 26swg (20,728 tons). Brandsi Tru-Wel (ERW and cold drawn welded 
steel tubes). 
Principal sales outlets! T. I. A M. Sales Ltd, PB I960, Madru 600001; also at Bombay, 
Calcutta, New Delhi and Ludhiana. Collaborators: Tube Products Ltd (Tl Tube Products)!1, 
Oldbury, Birmingham, UK. 

Universal Steel & Alloys Ltd (Usal) 
Head office! B-82 Himalaya House, 23 Kaslurba Gandhi Marg, New Delhi 110001. Tel: 
45627, 40251, 44035. Teles: 3118 newdelhi. Cables: Steelmaker. 
Management: Raunaq Singh (chairman), Swaran Singh Kanwar (managing director), H. R. 
Gupta (director). Established: 1963. Capital: Rs 2crores. No. of employees: 200 (works); 30 
(office). Ownership: Public limited company. Subsidiaries: None. 
Annual capacity: Raw sled 28,000 tons (ingots); rolled steel 9,000 tons (two shift basis). 
Works: 12.6 Milestone, Mathura Road, PO Amar Nagar, Faridabad 121003. Tel: 82 5232, 
82 5672-3. Works director: S. S. Kanwar. Steelmaking plant: Two Hindustan Brown Boveri 
electric furnaces—one 8-ton SSKD 300 and one 10/12-ton SSKD 320 (annual capacity 
28,000 tons). Rolling mills: One 3-high 16* roughing stand, four 3-high 10" finishing stands, 
one 2 high 10" finishing stand (9,000 tons, two shift basis). 
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Universal Stttl di Alloys Lid (conlinutj) 
Products! Ingots—mUd steel, forging quality carbon steel, spring steel, low-alloy and special 
steels, free-cutting steel (output in 1976. 11,678 tons); rolled sections—rounds and squares 
20 u 63mm, flats JO x 5mm to ISO x 16mm (1,500 ions—from June 1976 to Dec. 1976). 

Usha Alloys & Steels Ltd 
Head office: II Sooterkin Street, Calcutta 700072. Teh 23 0347. Tdex; 021 
7483. Cables: Ushasteel. 
Management: Chairman: Basant K. Jhawar. Managing director: Brij. K. Jhewar. Directors: 
V. H. Vora, R. K. Saboo, M. D. Kapila. Rana Pratap, F. M. Palnaik, K. K. Bhasin, P. Sen 
Gupta, M. M. Vadi. Established: 1974. Capital: Rs 137-91 lakhs. N a of employees! 380 
(works). Ownership: Public limited company. Subsidiaries: None. 
Annual capacity: Raw sicel 34.000 tons; rolled steel 52,000 tons. 
Works: PB 126, Jamshedpur 831001. Tel: 87231-3. Telex: 026 289. Steelmaking plant: One 
20/23-ton electric arc furnace (annual capacity 34,000 tons). Continuous casting machines: 
One 2-strand for billets 100 x 100mm. „ „ , , « „ .,- •„ r A 
• 12-16 Nawalguni. Agra 282006. Tel: 7J286,64408. Telex: 056 230. Rolling mills Tor rods 
and light sections (annual capacity 52,000 tons). 
Products: Low carbon steel ingots (220 x 204mm) for seamless tubes and billets (wire rope 
and welding electrode qualities and silico-manganese spring sled). 

Vldarbha Iron & Steel Corp Ltd (Visco) 
Head office: Shreeram Bhavan. Ramdaspcth. Nagpur 440010. Tel: 22511. Tcltxi 0715 
278. Cables: Ministeel. 
Management: Jayam S. Dalai (chairman), Satyanarayan Khaitan, Dhunjishaw M. 
Neterwala. Narayandas D. Saraf, Limjee K. Panday. MurHdhar D. Saraf (managing 
director). Prerana Ajay Thakore. Mahendra K. Delivala, Ashok K. Khinvasara. EsUbllshcd: 
1972. Capital: Rs 50 lakhs. No. or employees: 100 (works); 40 (office). Ownership: Public 
limited company. Subsidiaries: None. 
Annual capacity: Raw steel 18,000 tons; rolled steel 45,000 tons. 
Works: 46 A & B, M1DC Industrial Estate, Hinpia Road. Nagpur 440016. Tel: 7231-2. 
Teka: 013 278. Works director: M. D. Saraf. Steelmaking plant: One 10/12-ton Hindustan 
Brown Boveri type SSKD 320 electric arc furnace (annual capacity 18,000 tons). Rolling 
mats: 5-stand 3 high 400mm mill (45,000 tons). 
Produce*: Round bars 16 to 40mm; twisted bar 16 to 32mm (Torsteel) (rolling mill was 
commissioned in last week or Dec., 1976). 
Principal sales owlets: Head office address; also Bakhtawar, 6th Floor, Nariman Point, 
Bombay 400021. 
EapamMM alaasi Additional 10/12-ton electric arc fumaca; 230mm rolling mill; wire rod 
nut; continuous casting unit; oxygen making plant 
Central iafarasaele*: In March 1978 the company announced it was leasing its works to 
Ferre Aloys Corp (Facor) for 5 years. 
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Visvesvaraya Iron & Steel Ltd 
(formerly The Myooro Iron a Stool Ltd) 
Head office: Bhadravati 577301, Shimoga Dist. (Karnataka). Teh 322 (managing director), 
338 (general mannger). Telexi 366 (Bangalore office) Teleprinter service between Bangalore 
and Bhadravaii. Cablen Mysiron Bhadravati. 
Munaipmcnit Managed by a board of ten directors: Six nominees of State Government or 
Katmiinkit and Tour from Steel Authority or India Ltd (the holding company of Indian 
Government). The Minisier for Industries and Commerce, Government of Kamataka, is the 
chnirnxin of the bonrd. The controlling ministry is Ministry of Steel and Mines, Government 
ol India, New Delhi. Established: 1923. Capital (As at March 31st, 1976): Authorised: Rs 50 
crores. Paid up: Rs 35-50 crores. No. or employees! 12,500 (about 11,300 works, about 
1,200 office). Ownership! The company is owned by the State Government of Karnataka 
(60%), and Sail—Steel Authority of India Lldt (40%). 
Annual capacity! Pig iron 180,000 ions; raw steel 180,000 tons; rolled steel 120,000 tons. 
Works: Bhadravati (H.O.). Works director: S. K. Warrior (vice chairman and managing 
director^ Sinter plant: One pan (annual capacity 75,000 ions). Ironmaking plant: Two J3' 
Tysland Hole type furnaces 100 tons/day (60,000 tons); two 33' closed rotating type 
furnaces 200-tons/day (120,000 ions). Steelmaking plant: Two 25-ton open hearth furnaces 
(41,000 tons); two 12-ton LD converters (73,200 tons); five electric arc furnaces—two 20-
ion (44,400 tons), one 8-lon (15,600 tons), one 6 ton (6.900 tons), one 3fton (4,000 tons). 
Rolling mills: 4-iland 3-high blooming and heavy section mill (78,000 tons); 14-sund 
combined bar and rod mill (36,000 tons); light section mill (36,000 ions); strip and rod mill 
(12,000 tons). Other plant: Three ferro-silicon furnaces, two other ferro-alloy furnaces; cast 
iron spun pipe plant; steel foundry and general foundry; refractories plant; cement plant; 
fabricated structures plant 

Products: Pig iron (output in 1976, 92,758 ions); 6-5. 8 and lOmm mild steel rounds in coil, 
12 to 50mm rounds in straight lengths (28,622 tons); alloy and special steel—rounds 8 to 
140mm, round comer squares and flats 5mm min. thickness, flats 20 x 5mm and 150 x 
10mm (51,011 tons); ferro-silicon of various grades (17,305 tons); ferro-manganese, silico-
manganese, silicon-chrome, etc. (2,816 tons); cement (Portland blast furnace slag) (100,171 
tons); spun iron pipes (9,223 tons); steel castings (1,568 tons); iron castings (8,794 tons); 
moderate heat duty fireclay refractories (9,825 tons). 
Principal sales outlets! Head office address—divisional manager commercial (sales); also five 
branch offices—Bangalore, Madras, Bombay, New Delhi and Calcutta. 
Expansion plans: Forge plant was expected to be commissioned in October 1977, bringing 
installed capacity of alloy and special steel sectionsifrom 72,000 tons to 77,000 tons; vacuum 
degassing/VOD unit to be commissioned by April, 1978; continuous casting plant 

West India Steel Co Ltd (Wisco) 
Head offices Wisco Manor, Cheruvannur, Ferok: (Kerala). 
Established! 1961. Ownership; Public limited company. 
Worksi Rolling mills: 14" roughing mill, 10" finishing mill (annual capacity 45,000 tons of 
rounds and bars, on 2-shift basis). 
Products: Mild steel rounds, merchant bars; Tor-steel. 
Additional Information! The company has technical collaboration with Tor-Isleg Steel Corp, 
Luxembourg, for the manufacture of Tor-steel. 

LATE NOTES at back of book cover late entries, revisions and new projects. 
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Western Rolling Mills Pvt Ltd 

Head office: K Pankh House. 47 P. D'McUo Road, Bombay 400009. Tel: 
329015. Telex: 2667. 
Manafcinent: Directors: Somchand B. Parikh (chairman), Nalin S Parikh, Arvind S. Parikh, 
Kirti S. Parikh, Pruthviraj S. Parikh. Capital: Authorised: Hs 23 kikhs. Subscribed: Rs 10 
lakhs. No. of employt<i: 45 (works); 38 (office). Subsidiaries: Bombay Warehousing Co Pvt 
Lid. 
Annual capacity: Rolled steel 22.000 tons. 
Works: Lai Bahadur Shastri Marc. Bhandup. Bombay 400078. Tel: 592244, 596024. Works 
director: P. S. Parikh. Rolling mills: 14* roughing mill and 8* Anishing mill (annual capacity 
22,000 tons, on two shift basis). 
Products'. Mild steel rounds and Torstecl bars or all sixes, automobile sections, window 
sections, angles up to 50 x 50 x 6mm, gate channels, flats (output April I, 1976 to March 
31, 1977—9.600 tons). 
Principal sales outlets: Head office address; also at 5 Clivc Row, Calcutta 700001; 165 Golf 
Links Area. New Delhi 110003. 
Expansion plans: Wire rods and high carbon steels from 1978. 

Zenith Steel Pipes & Industries Ltd 
Head office: Moti Mahal. 7th Floor. 195 Churchgatc Reclamation, Bombay 400020. Teh 
29 44 45. Teles: 011 2458. Cables: Zenpipes. 
Management: Board of directors: D. M. Dalai (chairman), M. P. Gandhi, M. S. Davar, D. 
M. Dahanukar. J. K. Munshi, R. K. Batra, B. S. Menu, A. V. Birla, K. S. Nevalia (managing 
director). Executives: K. S. Nevatia (managing director), G. D. Singi (president), V. K. 
Agarwal (senior vice president, commercial and administration), S. Neelakantan (vice 
president, technical), M. K. Soni (vice president, development), S. R. Sharma (finance 
manager), R. G. Kacholia (marketing manager), M. M. Sharma (administration manager), 
Anil Saraf (secretary). Established: 1960. Capital: Rs. 2-52 crores. No. or employees: 1,000 
(works); 80 (office). Ownership: Public limited company. Subsidiaries: None 
Works: Khopoli 410203. Oist Kulaba (Maharashtra). Tel: 321. 322, 394. Telex: 011 24S8. 
Tube and rape mills (Works director: S. Neelakantan): HF welding (annual capacity 100,000 
tonsX Other plant: Pipe galvanizing plant. Steelmaking plant (Works director: M. K. Soni): 
One 10/17-ton GEC Model II electric arc furnace (18,000 tons). Continuous casting 
machines: One 2-strand for billets 100 x 100mm and 120 x 120mm (36,000 tons). Zenith 
Rolls and Shears Division (Works director: M. IC Soni)—manufactures rolls, shears, chipper 
knives, cutters, spacers, slitters. 
Products: Pipe Division: Black and galvanized pipes—IS to 100mm rub. in tight, medium 
and heavy classes to IS 1273/1-77 and BS 1387/67 and all other international specifications 
(output in 1976, 50,000 tons). Special Steals Division: Bilku of carbon and low-alloy 
steels—carbon engineering steel (EN-8, EN-9, claw 3 and class 4); spring steels (EN-45, 
EN-4SA); wire rods (EN-42); low alloy steels such as SAE 8670, 20Mn Cr5, !6Mn CrS, 
EN-19, EN-353. EN-15, SAE 413a SAE SI60 (17,000 tons). Zenith Rolls and Shear 
Division: Industrial knives up to the maximum of 2m and rolls up to max. of 350mm dia. 
(121 tons). 
Expansion plant) Pipe Division: Size range of pipes was to be increased by early 1978 from 
13 to 100mm to SO to 250mm. Special Steels Division: It is proposed to add another arc 
furnace to double the steelmaking capacity and to install a rolling mil (for carbon, spring and 
low-alloy rounds and flats) comprising a 450mm roughing and 350mm finishing. 
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PT Baja Indonesia Utama 

Head office: Jl. Raya Bekast km. 21-25, PO Box 3099, Jakarta. (See Late Notes). 
Worksi Steclmaking plant: Three 25-ton electric furnaces (annual capacity 200,000 tons). 
Continuous casting machines: One 3 strand Concait-S for billets 90 to 160mm sq. 
General Information) The company is affiliated to PT Irosteel Workif. 

PT Bakrie Brothers 

Head office: Jatan Mampang Prapatan, Jakarta. 
Established: 1947. 
Works: 12A Jalan Asemka, Jakarta. Welded tube plant (annual capacity 21,000 torn). 
Products: Black welded pipes for water, gas and construction. 

PT Budidharma Jakarta 
ON 

Head office: Skyline Bldg., 7th Floor, Jl. M. H. Thamrin 9, Jakarta Tat: 56763. Telexi 
44343. Cables: Marubeni Jakarta. I 
Management: Suhendro Notowidjojo (president). Teiji Akazawa (vice president), Yasumasa 
Abe (purchasing manager), Katsuhiku Kubo (sales manager). Established: 1974. Capital: 
USSI0 million (Rp 4,150 million). No. of employees: 542 (works); 61 (office). Ownership: 
Sumber Sejahtera Jakarta Ltd (30%). Marubeni Corp Ltd (30%). Toshin Steel Ltdt (25%). 
Nippon Kokan KKf (15%). 
Annual capacity: Raw steel 75,000 tons; rolled steel 120,000 tons. 
Works: Semper, Tanjung Priok, Jakarta Tel: 290989. 291462 and 7° 1443. Works director: 
Teiji Akazawa. Steelmaking plant: Three 50-ton open hearths (annial capacity 75,000 tons). 
Rolling mills: Continuous bar mill (120,000 tons). 
Products) Plain rounds and deformed bars. Sizes: 8mm, 9mm, 10mm, 11mm, 12mm, 13mm, 
16mm, 19mm, 22mm and 25mm dia.: length 6m to 12m. Type: Plain—SR 24-SR 30; 
deformed—SD 24, SD 30, SD 35, SO 40, SD 48. Brands: Budicon; BD (iteel bar). 
Principal sales outlets: Main distributor: PT Sumber Sejahtera Jakarta, Jl. Pintu Kecil 42, 
Jakarta (Tel: 276261. 276024 and 279000). 
Expansion plana: Production of angles by 1979. 

PT Fumira, Galvanised Sheet Works 

Head oflleti Jl. Pintu Kecil 38/Atas, Jakarta Barat. Tel: 276261, 276074, 
Management) Suhendro Ekoputro Notowidjojo (president), Teruo Wagai (managing 
director), Karman Widjaia (managing director). Established: 1969. Capital) US$1 million. 
No. of employees) 230 (170 works, 60 office). Ownership: Joint venture between Nippon 
Steel Corpt and Mitsui & Co Ltd, Japan, and PT Ragam Logam, Indonesia. 
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PTFumtru (coiulmttd) 
W « k i : JL Dr. Seiia Budi 104, Srondol Timor, Scmarang, Central Java. Tel: 2722a Hot-dip 
galvanizing plant (annua) capacity 30,000 tons). 
Products: Galvanized sheets. Gauges: 0-17mm, 0-20mm, BWO—32, 30, 29. 2>, 26 and 24. 
Width: 2-3' or 3*. Length: 6' to 12*. Output in 1976, 23,200 torn. Brand!) Moon Elephant. 

PT Inastu—Indonesian National Steal Tuba Co 
Head office; 439 Jalin Jend Sidirman, Bandung. 
EstaUlsbed: 197a 
Works Leuwi Cajah, Baros. Cimahi. Welded pipe plant (annual capacity 12,000 torn). 
Products: Black and galvanized pipe for gas, water and construction. 

PT Industri Badja Garuda (IBG) 
Head office: Jalan Ke Bel a wan K m 11, Mcdan. North Sumatra. Telt 22134. 
Management: Kazuo Kikuchi (president, director), Sinobu Tsuda (director, accounting), 
Carlos Piioy (sales). Established: 1968. Capital: US$1,330,000. No, of employ ceil 137 
(works); 10 (office). Ownership: C. Itoh 4 Co Ltd (736%), Kawasaki Steel Corpt (5-4%). 
PT Zig Zag Indonesia (20%). 
Works: Medan (HO. ) Works director: Yoshinobu Yamamota Sheet galvanizing plant 
(annual capacity 24.000 tons). 
Products: Galvanized sheets— BWG 34 to BWG 22. USG 37. 

PT I man Nasional Iron Industri (INI) 
Head office: Jalan Scmarang 106, Medan, Sumatra. Teh 20783. Cablest Ptini. 
Management: Tansri Chandra (managing director), Tamin Gunawan (manager, sales depart 
mem in Medan), Lutan Halim (sales department in PakmbangX Mr. Selamat (sales depart
ment, Pailing), Mr. Sunarly (stock keeper), Chiu Su Han (purchasing department), Mr. 
Ngatimin (production department, galvanized sheet), Mr. Abidin (production department, 
wtre). Mr. Sarli (production department, galvanized wire). Non-executive: Tardjo Halim 
(president, director). Dahlan Gunawan (director). Established: 1970. Capital: US$2 million. 
Na. or employees: 300 (works); 33 (office). 
Works: Jalan Kom Yos Sudarso Km 9.6, Medan. Tel: 21323. 20242. 28496. Works 
director: Tansri Chandra. Sheet galvanizing plant (annual capacity 18,000 tons), wire 
drawing and galvanizing plant (12,000 tons). 
Products: Galvanized sheets: 2V * 3* to 12'—0- 13mm, 0- 14mm, 0- 13mm, USO 37; 3' x 
3' to 12'—0 18mm. 0-20mm. USG 37. BWG 32, BWG 30. BWG 28. BWG 26. BWO 24. 
Wire and galvanized wire (including barbed wire and nails)—BWO 6 to BWG 20. Brands: 
Three Diamonds (galvanized sheets and wire); Kris (galvanized sheets). 
Principal sale* outlets: At head office address (N. Sumatra); Jalan Pondok 123, Padang, 
Sumatra (W. Sumatra); Jalan Pasar 16 Ihr 480, Palembang, Sumatra (S. Sumatra). 
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PTIrosteelWorks 
Headoffleei Jalan RayaBekatl Km. 21-23, PO Box 3099, Jakarta. Teli 83490. T d e n 
46637 tatimia. Cables: WorkstceL 

Management! Paulus Wibowo (chairman), Mr. Soedtijo (director^ Zain Johari (director), 
Jos Januar (director), R. H. Plnder (general manager). Established: 1971. Capllali USS2 
million. No. ofempleyeesi 900(800 works, 100 office). Ownership: Private limited company. 
Subsldlarlesi I t affiliated to PT Baja Indonesia Ulamat. 
Annual capacity: Raw steel 30,000 tons; rolled steel 100,000 tons. 
Works: Jakarta (H.O.X Works director: R. H. Finder. Sieclmaking plant: Two 10-ton 
Taiwan-built electric arc furnace* (annual capacity 30,000 tons). Rolling mills: Four Taiwan-
built mills (100,000 tons). 

Products: Plain round reinforcing bars 8 to 28mm dia., deformed reinforcing bars 10 to 
36mm dia., angles 25 x 23 x 3mm to 60 x 60 x 6mm (output in 1976.50,000 ions); steel 
Ingots. 

PT Jakarta Iron Products 

Head office: Jalan Bandengan Utara 83B/I3, Jakarta Pusat Tel: 279 666. TelextOI I 
44376. Cables: PT Dip Jakarta. 

Management: Gunarso Laksmono (president, director), J. MoeJjono (director), Januard 
Suma (director), J. Winata (managing director). Established: 1970. Capital) Rp 148 million. 
No. of employees: 114 (96 works, 18 office). 

Annual capacity* Raw steel 15,000 tons; rolled steel 36,000 tons. 
Works: Jakarta (H.O.). Works director: J. Wineta. Sieelmaking plant: One electric arc 
furnace (annual capacity 13,000 tons). Rolling miils: 3-high 220mm bar mill (under 
reconstruction) (36,000 tons). 
Producu: Reinforcing bars 7 to 22mm. 

PT Krakatau-Farrostaal 
Ownenhlpi Indonesian (80%), West German (20%). 
Works (under construction): Anjer-lor, Java. HyL direct reduction plant (annual capacity 
1,000,000 tons) and four 65-ton O H H electric are furnaces. 
Expansion plans: A further 1,000,000 tons/year HyL direct redu..;;.~n plant is planned for a 
later stage. 

Krakatau Hoogovens International Pipe Industries Ltd PT 
Head officii Wisma Metropolitan Bldt, 7ih Floor, Jalan Jenderal Sudirman, PO Box 3055 
JKT. Jakarta. Tel: 584166-7. Cables) Khi Pipe. 

Management: Dom De Jesus (managing director), J. L» Rombe (director), J. Van Nes 
(financial manager). Established: 1971 Capital: USS2 miOtofl. No. eremployeesi 330(304 
works, 26 office). Ownership! A joint venture of PT Krakatau Stedt (Indonesia), 
Hoogovenst (Netherlands) and International Pipe Industries PT (Philippines). Subsidiaries: 
None. 
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JCratehw Moefovms fatemartaM/ fipt /noMsfrto Lid PT(twuint*4) 
Week* Cilegon (Kota Baja) Bantcn. Weil Java. Tel: Via Pcrtamina 3331, local extension 
283.27« and 284. Works director: Pat Uc Guinwn. Two tolla) weld pipe mill*—SPX 480 4* 
to 14" and SPX 780 4* to 32" (annunl capacity 13,000 tons). 
Products: Spiral weld pipes 100 to 812mm dia. and 3-0 lo 12 7mm wall thickness (output in' 
1976. 1X333 >ons) Brands: K H l Pipe. 
Expansion plant: Expansion up to 80" dia., and wall thickness up lo }". Estimated capacity 
30,000 tons. Expected date or complciion: 1979. 

PT Krakatau Staol 
Head office: JL Galot Subroto Kav. 34, Jakarta Sclatan. Tell 384384-8, Teksi 01 
46163. Cabin: Krasteel Jakarta. 
Management: Directors: T. Ariwibowo (president), J. l» Rombe (technical), Rio Herwono 
(financial), T. Mugirto (commercial), A. B. Yusra (personnel and administration). 
Established; 1971. Capital: USSI0 million. No. or employees: 2,171 (2,017 works, 134 
office). Ownership: State-owned. Subsidiaries: PT Krakaiau Hoogovens International Pips 
lndustricvr. 
Annual capacity: Raw steel 300,000 tons; rolled Heel 300,000 tons. 
Worksi Cilegon, West Java. Tel: 3331 34011 49474 (Cilegon). Works director: Mr. 
Kadarisrtian. lronmaking plant: HyL direct reduction (annual capacity 2,000.000 tons). 
Steelmakins plant: Four 63-ton electric furnaces (300,000 tons). Continuous casting 
machines: Two 4-strand Siemag-Schloemann curved mould '400,000 tons). Rolling mills: 
Continuous bar mill (130.000 tons); continuous light section mill (100,000 tons); continuous 
wire rod and strip mill—rod (200.000 tons), strip (50,000 tons). Tube and pipe mills: Spiral-
welded pipe (13,000 tons). Other plant: Cold wire drawing plant (8 to 16g) (30,000 tons); two 
galvanising lines (10,000 tons). 
Products: Sponge iron; billets; wire rods 3-3 lo 12-5mm, coil weight 900kg; «rip; reinforcing 
bars 10 to 32mm; light sections—joists, channels, angles, light rails; spiral-weld pipe 4" to 
32"; wire—bright 8 to I6g, galvanized, PVC coated, wire fence. Production began in 1976 
with 4,513 terns of rebars and 4,471 tons of wire. Other products from 1977 or 1978. Brands) 
KS. 
Principal sales outlets: Commercial department at head office address (Tel: 384314-8, est. 
30/33X 

PT MaxWaro (Staal) Industry Co Ltd 

Head oRtcc: Jatake, Tangerang. 
Works: Desa ,'siake, Tangerang. West Java. Steel melting plant (annual capacity 30,000 
tons) and rolling plant (60,000 tons). 
Products: Wire rod 5-3 to 10mm and rounds 9 to 38mm. 

PT Pambangunan Intl Steal 
Head office: 66 Jt. By Pass, Pegambiran, PO Box 3, Cirebon. Telt 4962-6. 

Established: 1974. 
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FT Ptmbanpinan lull Slttl (COHIIKHHI) 
Annual eapaeltyi Rolled Reel 30,000 tons. 
Works: Cirebon (H.O.). Rolling mills: Semi-continuoui bar and rod mill—310mm roughing 
and 260mm finishing (annual capacity 30,000 tons). 
Produetsi Rounds 8mm, 9mm, 10mm, 1 Imm, 12mm, 13mm and 14mm. 
Principal sales outlets: 68A Jl. Mangga Besar Reya, Jakarta, 

Pulogadung Staal Manufacturing Co Ltd 
Head office: 17 Jalan Kopi, l it Floor, Jakarta. 
Workst Jalan Raya Bekasi, Km. 17, Jakarta, One 15-ton electric arc furnace (annual 
capacity 30,000 tons) and merchant mill (45,000 loni). 
Products) Rounds. 

P. D. & I. Radjin Staal Plpa Industry PT 
i 

Head office) Jin. Kalibutuh 189-193, Surabaya. Teh 031 44056 and 44229. Cables: _n 

Radjin Surabaya. <$\ 
Management) Solichin Salam (managing director), Ibnu Susanto (director), Wardhana 
Hudianto (general manager). Established: 195 years (in 1977). Capital: Rp 1,000 million. < 
No. of employe*) 130 (130 works, 20 office). 
Works) Surabaya (H.O.). Tube and pipe mills: Tube mills {' to 24" and f. 4 mills f" to 6" 
(annual capacity 7,200 tons); plant for lip channels (14,400 tons). 
Products) Tubes (output in 1976, 6,000 tons); pipes and lip channels 75 x 35 x 15mm to 
150 x 65 x 20mm (1,000 tons, trial operation), 
Expansion plans) Galvanising plant completion was expected at end of 1977. 

PT Sarmanl Staal Corp 
Head office) Jin. Oowa Jays, Tello Baru, PO Box 39, Ujung Pendant. Teh 
4375-7. Telex: 7139. Cables) Sermani. 
Management) Board of directors: H. Sjimiuddin Dg. Mangawing (managing diracior, co
ordination), Tsutomu Sonoda (managing director, daily management), Maseyuki Tada (sales 
and purchasing director), Teruo Oki (finance and accounting director), Sotoru Niihio (non
executive director). Established) 1970. Capital) USSI,130,000. No. of employees) 130. 
Ownership) Indonesian/Japanese joint enterprise. Share of capital: N K K f (33%). Marubeni 
Corp (35%), H. Sjamsuddin Dg. Mangawing (30%). Subsidiaries) None. 
Works) Hot-dip sheet galvanising line and two corrugating machines (annual capacity 
18,000 tons). 

Products: Galvanised corrugated sheets: BWG 24, 26, 28. 30, 32, 33, 34—3' x 6'; BWG 
33 and 34—2-5' x 5', 6', 7', 8', 9', 10' (output in 1976, 13,603 torn). Brands) Deer. 
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Ahwaz Pipe Mills 

Ahwaz pipe mills are located in Ahwaz, south Iran at a 
distance of 100 miles from Persian Gulf ports. 

Initial production started in 1968 with two mills, using 
cage forming with Electric Resistance and Submerged 
arc welding process. Recently the operation has been 
expanded by installation of two new modern mills. 
The new mills forms pipe according to cage forming 
with Electric Resistance welding and the " U " and 
" 0 " forming with submerged arc welding process. 

Ahwaz Pipe Mill Company is authorized manufacturer 
of API Lin9 pipe and produces pipe according to all 
API grades including x 70 in diameters ranging from 
6 to 56 inches, with wall thicknesses up to one 
inch. The total annua! capacity is over 500,000 Metric 
Tons. 

P.O. Box No 1863 Tel. 8151 

Tehran Telex: 212514 212613 212182 212186 
Iran Cables: NAFTMELLI 
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PT Serniwa Steel Works 

Head offleei Jatnn Tinumbu, TaUo Lama. Ujung Pandang. Teli 22307. 22223. 
Management: President: M. Tiuru. Directors: T. Wakamauu. Sjiin Suddin, K. Tanaka. 
Eitabllshed: IV75. No. or employcrn 280. Ownenhlpi S-bjidiary of Nippon Satctsu Steel 
Co Lult, Jnpiin. 

Worku Ujuiig J'andang ( H O ) . Rolling milU: Two 7-itand 3-high bar mills. 
Produeui Reinforcing bun 6 to 12mm; Hat ban 3 x 20mm to 5 x JOmm; anglet 3 x 25mm 
to 4 x 40mm (annual output capacity 30.000 torn). 

PT Tumbakmas 

Ht id offlcat Jalan Pancoran 43. JakanaBarat. Teli 278268, 279068. 270705, 270113, 
271431. Telixi 42709. Cabled Rodamasco Jakarta. 
Eitabllihedi 1967. Capltali Rp 455.600,000. No. of employesit 170(worki); 15 (office). 
Worku JL Letjen S. Parman 32-34. Jakarta. Tel: 591682-4, Worki director: B. Hidajat. 
Sheet galvanizing plant (gauges 24-35) (annual capacity 18,000 tons), 
Product Calvanited sheets. Output in 1976 was 10,000 tons of 28 and 34 gauge 3 x 6 ' 
sheeu. Brandst Tumbakmas; Cherry; Star Elephant. 
Prinetol sales ouileui PT Rodamu, JaJan Pancoran 43, Jakarta Barat. 



SOUTH KOREA 
Dong Yang Tinplato Industrial Co Ltd 
Head ofhetj 93 ,4Ka . DanasanDong, Youngdeungpo ku. Seoul. Td i 63 3311-5. Tckst 
27486 dyplate. Cablcn Continent Seoul. 
Management) President: Yul Ho Sohn. Viae preiident: Kwang Ho Lim. Managing directors 
Heui Sun Song (executive), Byung Kyoo Yoon, Hyun Sul Sohn, Jong Bong Song, Su Kirl 
Kim, Kyung Hwan Lee. Eitabliihed: 1939. Capluli W 790 million. No, of employeeii 300 
(200 works, 100 office). 
Annual capacity: Rolled steel (tinplate and tin-free steel) 175,000 tons. 
Works; 34 Jangheung Dong, Pohang-Si, Kyungsangbuk-Do. Work) director: Kim Su Kirl. 
One electrolytic tinning line (annual capacity 120,000 tons), one tin free steel line (35,000 
ions). 
Products: Tinplate—thickness 0>20 to 005mm; max. width 9'4mm (36'); max. length 
1,1 !7mm (44*); coating 25. 50, 75, 100 and differential. 

Dongkuk Steel Mill Co Ltd 
Heed offlce: 50 Suhadoni, Chung-ku, Seoul. Tel: 776 6121-9. Telexi 2281 
dongkuk. Cables: Dongkukiiecl Seoul. 
Managementt President: Swig-Tei Chang. Vice president: Joon Ho Lee. Executive director: 
Byung Su Chang. Director!: Ewi-Gyum Kim, In-Sun Lim. Chan K«e, ByungJoo Han, 
Ke.m-Yong Lee, Jne-Seung Shim. Established: 1954. Caplul: USSI0 million. No. of 
employees: *,800 (works): 200 (office). Subsidiaries: Cho-Sun Steel Wire Ind. Co Lid; 
Dacwonsa Co Ltd; Pusan Steel Co ! jd t ; Korea Iron & Steel Co Ltd; Put an Can Iron Co 
Ltd: Dongil Steel Mfg. Co Ltd; Dongkwang Steel Ind. Co Ud; Central Investment 4 
Finance Corp; Dong Nam Cons: rue lion Ind. Co Lid. 
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Dongkuk Steel Mitt Co Ltd (continued) 
Annual capacity: Raw steel 600.000 tons; rolled st-el 700,000 tons. 
Works: 177 Yonghodong Namgu. Pusan. Tel: 68 4191. Telex: 3331. Works director: Chan 
Kae. Steelmakirg plant: Five electric furnaces—two 5m dia. (annual capacity 240JOOO tons), 
three 4-2m dia. (180,000 tons). Continuous casting machines: One 4 strand S type for billets 
110 x 110mm (200,000 tons), one I strand S type for slabs 100 x 400/200mm (100,000 
tons). Rolling mills: Plate mill—950/500 x 2,880mm (84.000 ions) Hoop mill—8 stand 2 
high 500mm. 7-stand 2-high 400mm (144,000 tons). Bar mil.—3-u«nil 3 high 500mm, 5-
stand 3-high 300mm (212.000 tons). Wire rod mill—10-stand 2 high 360mm, 3-stand 3 high 
500mm (120,000 tons). Tube and pipe mills: One longitudinal weld. Other plant: Wire plant; 
welded beam plsnt. 
• 1 SonghytnDong Dong-Ku, Inchon. Tel: I 0096. Works director: Byung-Joo Han. Steel-
making pla:.:: Two 4 6m dia. electric furnaces (annual capacity 180,000 tons). Continuous 
casting machines: One 2 strand S type for billets (120,000 tons). Rolling mills: Bar mill—3-
stand 3-high 500mm (4 sets) (160,000 tons). 
Products: Deformed bars 6 to 42mm dia. (output in 1976, 257,000 tons), steel plate 3-2 x 
915 x l,830mm to 49 x 1.830 x 6.100mm (70,000 tons), angles 20 x 25 x 3mm to 100 x 
100 x 15mm (i7,000 tons), rounds 6 to 42mm dia. (22,000 tons), wire rods 5-5 to 12mm 
dia. icoi! weighi 250 to 300kg) (84,000 tons), squares 6 x 6mm to 24 x 24mm (800 tons). 
Rats 4-5 x 25mm to 22 x 75mm, hoop 1-2 x 35mm to 8 x 400mm (25,000 tons), wire 
products. 
Principal sales outlets: At head office address. Tokyo branch: 3rd Floor, Shimizu BIdg., No. 
1 Shiba, Kotohira-cho, Minato-ku, Tokyo, Japan. Los Angeles branch: 1901 Avenue of the 
Stars, Suite 243. Los Angeles. Calif. 90067, USA. Kuwait branch: PO Box 1702, SaTat, 
Kuwait 
Expansion plans: Plate and strip mill (400,000 tons/year), blooming mil (300,000 tons/year), 
slab casting machine. 

Ilssin Steel Co Ltd 
Head office: 51-8 Susong-dong, Chongno-ku, Seoul. (Postal address: CPO Box 1619, 
Seoul). Tel: 70 6712-3. T-tex: 27230. Cables i ussirateelco. 
Management: Chang Kyun Chu (representative president), Chan Hong Kwak (executive vice 
president), Dong Jak Lee (managing director, general affairs), Dong Kyu Ahn (managing 
director. Oryu plant), Kil Hoon Bae (director, finance and clerical management), Se Duk 
Hwang (director, domestic sales), Juc Wook Lee (director, purchasing), H Kyu Park 
(director, Inchon works). Young Sik Chang (export sales manager), Ki Joon Ahn (tinplate 
mill manager). Established: 1955. Capital: W 4,500 million. No. of employees: 2,140 (1,670 
works, 470 office). Ownership: Public, quoted on Korea Security Market Subsidiaries: 
Korea Ramie Co Ltd (manufacture and sales of ramie yam and acrylic yarn); Ilssin Ind. Co 
Ltd (sales or steel- sheets, steel pipe and wide flange beams); Sam Chang Steel Co Ltd 
(manufacture and sales of steel band, fabrication of steel sheets). 
Annual capacity: Raw steel 45,000 tons; rolled steel 450,000 tons. 
Works: Seoul Tel: 8 3111. Works director: Dong Kyu Ah:. Rolling mills: Two 4-high 
reversing cold raiUa—(No.1) 0-l7ram min. to 3 0mm max. thick, 1,230mm max, width 
(atwwai capacity 130JD00 torn); (NoJt)0-3SsMn min. to 3-3m» ma*, thick, 1,500mm max. 
width OOOjOOO sons). Tube and apt mitts: Six ERW tube mills for 4" to 4* (2»0,000 tons). 
• Inchon. Tel: 3 8711. Works director. II Kyu Park. Steelmaking plant: One 15-ton electric 
furnace (annual capacity 45,000 tons). Rolling mills: Hayada bar and angle mill (120,000 
tons). Tube and pipe mills: One ERW tube mill for J* So 20* (ISOjDOO Ions). Strip coating 
lines: Wean-bull Ferrosun electrolytic tinning Una (123,000 tons). 
• Pusan. Works director: Joon Pyo Song. Tube and pine mills: Two ERW tube mills for \' 
to 4* (annual capacity 48,000 tons). 
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llisin Steel Co Ltd (continued) 
Products: Cold rolled steel sheet/coil—0-17 to 3 3mm max. thick, 1,500mm max. wide 
(output in 1976, 415,000 tons); ERW lube and pipe—\" to 20" commeroal pipe and API 
(240,000 torts); light weight welded H beams (32,000 tor.*); galvanized sheets (24.000 tons); 
steel band (3,600 tons); electrolytic tinplate (nil); bars and reinforcing bars (nil). 
Principal sales outlets: Head offic: address. USA: 1114 Avenue of the Americas, New York, 
NY 10036. Many overseas agents. 
Expansion plans: Continuous galvanizing line (annual capacity 100,000 ions)—completion 
Oct. 1978; tinning line (annual capacity 125,000 tons)—start-up Sept. 1977; additional 60-
ton electric fur race will boost raw steel capacity to 225,000 tons—by end 1978; ERW tube 
mills at Pusan to be expanded to 72,000 tons—by end 1978. 

Inchon Iron & Steel Co Ltd 
Head office: 1 Son ghyon-Dong. Dong ku, Inchon. Tel: 3 0081-90. Telex: 27460 
westeel. Cables: Ironsteel Seoul. 
Management: Representative director, president' Yong Lee. Executive directors, vice 
presidents: iang-Kil Choi, Myung-Ku Chui.g, Cliung-Suk Yoon, Hyung-Tae Kim, Yung-
Sang Park, Choon-Sung Lee, Chin-Hyung Kim. Established: 1953. Capital: US$29,634,103. 
No. of employees: 1,543 (works); 430 (office). Subsidiaries: Inchon Ferro-Alloy Co Ltd 
(ferro-silicon—annual capacity 14,000 tons) (70% Inchon Iron & Steel Co Ltd, 30% Joctsu 
Electric Furnace Industry Co Ltd). 
Annual capacity: Raw steel 350,000 tons; rolled steel 500,000 tons. 
Works: Inchon (H.O.). Works director: Jin Hyung Kim. Iron ore pelletizing plant: Disc type 
(annual capacity 175,000 tons). Ironmaking plant: One 4 x 60m SL/RN rotary kiln 
(175,000 tons). Steelmaking plant: One 70-ton basic open hearth (120,000 tons), two 45-ton 
electric furrces (300,000 tons). Continuous casting machines: One 4-strand Mitsubishi-
Olsson type (progressive bending) for billets I IS x J ISmm (250,000 tons). Rolling mills: 3-
high/2-high blooming and medium section mill (150,000 tons); 2-high pull over type hot sheet 
mill (10,000 tons); No.I semi-continuous bar mill (40,000 tons); No.2 semi-continuous bar 
mill (20,000 tons); No.3 continuous bar mill (100,000 tons); No.5 continuous bar mill 
(80.00C tons); tandem wire rod mill (100,000 tons). Other plant: Open-type 28,000 kVA 
ferro-alloy furnace (Inchon Ferro-Alloy Co Ltd). 
Products: Concrete reinforcing bars—D10-D4I (D19) (output in 1976, 132,419 tons); 
equal angles—25mm/175mm (90) (43,191 tons); unequal angles—90 x 75mm, 100 x 
65mm; channels—100 x 50mm to 200 x 90mm (125 x 65mm) (6,442 tons); joists 100 x 
75mm to 200 x 100mm (100 x 75mm) (4,055 tons); rounds—10 to 130mm dia. (14,306 
tons); wire rods—J -5 to I0mm dia. (5 '5mm dia,) (400kg coils) (62,431 ions); floor plates 3-2 
to 60mm (6,602 tons); silicon steel sheet—035T to 0 5 T (1,041 tons). Brands: Korea. 
Principal sales outlets: Seoul office—58-7 Seosomun-Dong, Choong-ku. Seoul (Chang Gi 
Back). USA: 6399 Wilshire Blvd., Suite 707, Los Angeles. Calif. 90048 (Sukdoo Yim). 
Japan: Rm. 501, Riki Apt. 5-34, 7-chome, Akasaka Minato-ku, Tokyo (Kyu Yang Lee). 
Expansion plans: 60-ton electric arc furnace—February 1978—July 1979; 4 strand 
continuous billet casting machine—March 1979—April 1980; 2-strarid continuous bloom 
casting machine—March 1979-April 1980. 

Kangwon Industrial Co Ltd 

Head office: 6 2-Ka, Sinmoon Ro. Chongro-ku, Seoul. Tel: 70 7111. Telext 27323 
kwonind k. Cables! Kangwoninco. 
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Kangwon Industrial Co Lid (continued) 
Management: In Wook Chung (representative director and president). In Yub Chung 
(representative director and vice president), Moon Won Chung (ciccutive director), Tong 
Won Park (director, planning or steel making division). Do Won Chung (director, planning of 
steel casting and machinery). Won Jung Chun (director, sales of steel products), Byung Jun 
Park (director, overseas business). Established: 1952. Cupiljl: W 6,665 million. No. of 
employees: 5,000 (works); 300 (office). Subsidiaries) Ktingwiin coal mine (coal mining); 
Sampyo works (industrial machinery); Pohang heavy woiks Iminiiifc r'uehinery, cranes and 
dust collectors). 
Annual capacity: Raw steel 390,000 tons; rolled steel 300,000 inns. 
Works: Pohang. Tel: 6941. Works director: In Yub Chung. Stcelmuking plant: Three electric 
arc furnaces—two 25-ton (annual capacity 90,000 tons each), one 70 ton (210,000 tons). 
Continuous casting machines: One 4-stra'. J low head curved mould type Tor billets (300,000 
tons). Rolling mills: One 2-stand 3-high 470mm and one 6 stand 3-high 320mm bar mill 
(105,000 tons); one 2-stand 3-high 470mm, Tour 380mm tandem stands and 6-stand 3-high 
360mm bar mill (180,000 tons); three light section mills (15,000 tons). Other plant: Iron and 
steel foundry; roll making shop. 
Products! Ingots, blooms, billets (output in 1976, 250,000 tons billets anc ingots); 
bars—deformed, round, square and flat (220,000 tons); light sections—angles, channels and 
tees (15.000 tons); steel castings (4,000 tons). 
Principal sales outlets: Head office address. Overseas agent—Metallion Steel Corp, 4201 
Long Beach Bldg.. Long Beach, Calif. 92807. USA (Telex: 691367). 
Expansion plans: A heavy section mill will be installed in 1978 (annual capacity 300,000 tons 
of heavy rails, joists, sheet piling, channels, angles and rounds). 

Kisco—Korea Integrated Special Steel Co Ltd 

Head oltlee: 25 Cheog Hyun-Dong, Masan. Ten 3 2611-9. Teltit 26273. Seoul office) 
10 Kwan Cheol-Dong. Chong Ro-Ku, Seoul. Tell 73 6911-9. Cablesi Stainless Seoul. 
Management: Chairman: Du Shik Kim. President: Ki Mok Lee. Vice presidents: Bin Urn, 
Byeong Doo Chcon. Directors: Chae Won Lee (senior managing). Hyun Chul Kim (senior 
managatg), Chaig Sun Choi (managing), Kwang Bo Park (managing), Yong Cheong 
(managing). Myung Hwan Cheong. Sung Hwan Lee. Established) 1971. Capital) W 4,950 
million. No. of employees 1,250 (works); 250 (office). Ownership) Share distribution—Du 
Shik Kim 3,175,500, Sammisa Co Ltd J66.250, Marubeni Corp 702.000. Hong Shik Kim 
283.500. Hyn Chul Kim 222.750 (total 4,950.000 shares). Subsidiaries! Sammisa Co Ltd; 
Dai Han Iron Mining Development Co Ltd; Hyup Shin Bolt Co Ltd. 
Annual capacity: Rolled steel 230,000 tons. 
Works: Steel making plant: One 30-ton and one 15-ton electric arc furnace and one 1-ton and 
one {-ton induction furnace (total annual capacity 225,000 tons). Refining plant: 1 f ton ESR 
unit; 16-ton VOD unit. Rolling mills: Bar mills—one blooming, five medium, one small, one 
wire rod andene hand (150,000 tons); sheet and strip mill—20-roll Sendzimir (75,000 tons); 
plate shop-^one roughing and one finishing mill (5,00f> tons). Tube and pipe mills: One 
2,000-ton extrusion press (25,000 tons). Other plant: One 1,500-ton and one 4,000-ton 
forging press and four air hammers (2-ton, 1-ton, j-ton and f-ton) (total capacity 30,000 
tons); steel foundry (3.000 tons). 
Products: Carbon, engineering alloy, stainless, heat-resisting, bearing, spring, free-cutting 
and tool steels. Main products. Special steei (rolled and forged)—black round bar 8 to 
200mm, black square bar 10 to 135mm, drawn bar 14 to 60mm, turned bar 14 to 220mm, 
ground bar 5 to 175mm. black bar in coil 5 to 13mm, pickl-d bar in coil 5 to 13mm', special 
steel castings; special steel plates; stainless steel cold rolle.' sheet and strip, 0 3 to 4mm; 
stainless and heat resisting steel tubes and pipes, 10 to 110mm o.d. 
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Kisco—Korea Integrated Special Steel Co Lid (continued) 
Principal sales outlets: USA: Rm.l 106, 527 Madison Avenue, Ne••> York, NY 10022 (Tel: 
212 759 3772. Telex: 126442 sammisa nyk); 1701 South 1st Avenue, Rm.508, May wood. 
III. 60IS3 (Tel: 312 344 7733); No. 313. 3105 Mariposa Avenue. Los Angeles, Calif. 90020; 
Financial Shuwa Bldg., PO Box 609, Seattle, Wash. (Tel: 206 623 4426. Telex: 32 0213 
stripp). Japun: Shinbashi Shuwa Bldg., I2F, 1-1 Higashi Shinbashi, Minato-ku.Tokyo(Tel: 
574 1624-5. Telex: 26331 sammisa). Belgium: 3rd Floor, Kipdorpvest 27A, Antwerp B 
2000 (Tel: 031 31 44 76. Telex: 34879 samanl b). 
Expansion plans) Stainless steel sheet and strip hot mill (annual capacity 155,000 tons). 
General information) Korea Integrated Special Steel Co Ltd was formed by the merger of 
Sam Yang Special Steel Co Ltd and Korea Special Steel Co Ltd. 

Kuk Dong Steel Co Ltd 

Head office) 115 Samkalt-dong, Chung-ku, Seoul. 
Product!: Reinforcing bars, angles. 

Pohang Iron & Steel Co Ltd (Poaco) 

Head offleet 5 Tong Chon-Dong, Pohang, North Kyongsang Province. Telt Pohang 2 
4601, 2 4701. Ttlext 4474. Cablei: Pohang Steel. 
Management: Tie Joon Park (president), Joon Shik Koh (vice president), Byong Whs Ahn 
(managing director), Joong Yeol No, Myung Shik Chung, Hak Ki Kim, Choo Sun Choi, 
Duk Hyon Baik, Kyoung Kwan Jang, Established) 1968. Capital) Authorised: US$302 
million. No. of employees) 9,366. 
Workst Coke ovens: 174 Otto ovens (annual capacity 1,496,500 tons), Sinter plant: Two 2-
strand Dwight Lloyd (3,529450 tons). Ironmaking plant: Two blast furnaces—one 8-0m 
hearth dia., 1,660 cu. m (950,000 tons), one 10-2m hearth dia., 2,254 cu. m (1,4 16,200 tons). 
Sieclmaking plant: Three 100-ton LDs (2,600,000 tons). Continuous casting machines: One 
1-strand Voest-Alpine for slabs (400,000 tons), three 3-strand for blooms (300,000 tons). 
Rolling mills: 2-high reversing blooming and slabbing mill (1,800.000 tori), 2-high reversing 
billet mill (143,000 tons), 6-stand hot rolled strip finishing mill (1,382.000 tons), 4-high 
reversing plate mill (336,000 tons), 5-stand 4-high tandem cold mill (525,000 tons). Strip 
coating lines: Sendzimir continuous galvanizing line (80,000 tons). 
Products: Hot rolled coil, I 1 to 10mm thick, 550 to 1,270mm wide (mill edge); skelp, I -2 to 
10mm thick, 65 to 1,240mm wide (slit edge); hot rolled sheet, 1-2 to 6-4mm thick, 520 to 
1,240mm wide, 1,500 to 6,100mm long; ship plates 4-5 to 200mm thick, 1,000 to 3,100mm 
wide, up to 22m long; billets, 65mm, 75mm, 85mm, 100mm sq., 3m long; galvanized sheets. 

Expansion plans: New coking and sinter facilities and a tl. rd blast furnace (3,795 cu. m) are 
due for completion by end 1978. Also under construction are two 30jion LDs, a 2-stand 
blooming/slabbing mill, a second plate mill (1,400,000 tons) and a 450,000 tons/year twin-
strand rod mill (1979 completion). An electrical sheet mill to produce 30,000 tons per year of 
grain-oriented sheet and 50,000 tons of non-oriented sheet is to be completed in September 
1979. At the end of phase 3 in 1978/79, the company will have an annual raw steel capacity of 
5,500,000 tons. Phase A expansion which would include a fourth blast furnace and a second 
hot strip mill would raise capacity to 8,500,000 tons by the end of 1981. 
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Pusan Steel Co Ltd 

Head office: 126 Nakmin Dong. Dongnae-ku. Pusan. Tell 32 2881-3. 
Establshed: 1961. No. of employees: 1,043 (works); 192 (office). Ownmhipi Dong Kuk 
Steel Mill Co Ltdt. 
Work*: Pusan (K.O.). Works director: Yong Ho Bae. Steclmaking plant: Two electric 
furnaces—one 12 ton (annual capacity 28,800 tons) and one 5-ton (12,000 tons); two HF 
induction furnaces—one 1-ton (3,600 tons) and one 0-5-ton (1,800 tons). Refining plant: 2-
ton electro slag remelting furnace (2.000 tons). Rolling mills: 8* in two parallel 7-stand trains 
(15,500 tons). Tube and pipe mills: ERW tube mill for | * to 8" dia. (100,000 tons). Strip 
coaong tries: Hot-dip turning line (50,000 tons). Other plant: Outboard universal type light 
gauge mil (36.000 tons). 
Products: Carbon and alloy steel ingots (output in 1976, 32,000 tons); deformed bars, 
rounds, flats, small angles (15,500 tons); light gauge steel (channels, guard rail) (14,000 tons); 
carbon steel pipe and conduit tubes (5,600 tons); sted castings (2,700 tons); forging*. Also 
steel cargo containers and industrial machinery and equipment. 
Principal sales outlets: Seoul sales office—50 Sooha Dong, Ctacong ku, Seoul (Tel: 776 7331 
and 7917). 
Expansion plans: Steelmakmg and finishing to be expanded in 1979. 

Pusan Steel Pipe Industry Co Ltd (PSP) 

Head office: 180-15 Gaebong-dong. Yeungdungpo-ku, Seoul. Tel: 612 0211-6, 
0311-5. Telex: 28287 pspsel. Cables: Haiduk Seoul. 
Management: Chairman: Hyun Je Lim. President: Chong Duk Lee. Vice president: Woon 
Hyung Lee. Senior directors: Pyung Woo Lee (foreign sales). Young Chul Kim (domestic 
sales), Yun Sang Kim (engineering). Directors: Chul Hee Lee (production), Byung Sun Choi 
(accounting). In Whan Whang (production). Established: 1960. Capital: W 3,500 million. 
No. of employees: 755 (works); 327 (office). Ownership: Private stockholder's company. 
Subsidiaries: None. 
Works: Seoul (HO). Works director: Chul Hee Lee. Tube and pipe mills: Five ERW mills, 
|" to 20" nom. size and one spiral-weld mill, 18" to 88" nom. size (annual capacity 100,000 
tons). 
• 65 Kamman-dong, Busanjin-ku, Pusan. Tel: 68 3191-4. Telex: 3450. Works director: In 
Whan Whang. Tube and pipe mills: Three ERW mills, f" to 6" nom. size (annual capacity 
60.000 tons). 
B14-1 Changhung-dong. Pohang. Kyungsangbuk-do. Tel: 5096 8805-7. Works director: 
Yun Sang Kim. Tube and pipe mills: One combined ERW stretch-reducing mill, {" to 8" 
nom. size (annua! capacity 120,000 tons). 
Products: Carbon sted pipes, black or galvanized, \* to 20* nom. size; steel conduit tubing, 
enamel-coated or galvanized, j " to 6" nom. size; structural tubing (round, square or 
rectangular section), j " to 20" nom. size; boiler tubes and heat exchanger tubes, |" to 6" 
nom. size; line pipes, V to 20" nom. size; steel scaffolding and accessories (total output in 
1976, 154.000 tons). * 
Principal sales outlets: 19-1 Kwanchul-dong, Chongro-ku, Seoul. (Te!' 72 9311-5. Telex: 
28287 pspsel. Cables: Haiduk Seoul). 
Expansion plans: By the end of 1978, capacity at the Pohang plant will increase from 
120.000 tons to 240.000 tons per year. 

LATE NOTES at back of book cover late entries, revisions and new projects. 
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Sae Chang Iron & Steel Industrial Co Ltd 

Head oflfeei 16,6-Ka Moonrae-Dong, Youngdeungpo-ku, Seoul. Tel: 63 4706-9. 
Managementi Kim Ro Soo (president), t.«e Hoi Rip (general director), Kim Sang Kook 
(managing director). Established! 1966. Capital: W 150 million. No. of employees: ISO 
(works); 30 (office). Subsidiaries None. 
Annual capacity) Rolled steel 30,000 ions. 
Works: Seoul (H.O.). Tel: 63 4571-2. Works director: Kim In Lyul. Rolling mills: Bar and 
wire rod mill (annual capacity 30,000 tons). Other plant: Wire drawing plant (30,000 tons). 
Products: Wire rod 6 to 12mm (75kg coils) (output in 1976, 20,000 tons); bar 25 to 42mm 
(4,000 tons); bright wire 1-2 to 17mm (25,000 tons); nails. 
Expansion plans: Nail plant (annual capacity 3,000 tons). 

Union Steel Mfg. Co Ltd 

Head office: 118 2-Ka Namdaemoon-Ro, Chung-ku, Seoul. Tel: 71 0331-9. Telex: 
2208. Cables: Unisteel Seoul. 
Established: 1962. 
Works: Pusan. Rolling mills: 4-high 350 to 400mm/1,260 to 1,320mm reversing (annual 
capacity 200,000 tons), 4-high 390 to 430mm/l,260mm to 1,360mm reversing (350.000 
tons), 4-high 460 to 483mm/l,260 to 1,400mm reversing (450,000 tons). Strip coating lines: 
Continuous galvanizing line, continuous pre painting line. Tube and pipe mills: 500.000 
tons/year seamless tube plant producing tubes 0-5" to 8" dia. and 3-2 to l2-7mm wall 
thickness. 
Products: Cold rolled steel sheets and coils, thickness 0-20 to 30mm. width 610 to 
1,250mm, length 914 to 3,300mm; galvanized sheets and coils, thickness 0 2 0 to 0'8mm, 
width 610 to 1,000mm, length 914 to 3,300mm; precoated galvanized sheets and coils, 
thickness 0 2 0 to 0-80mm, width 610 to 1,000mm, length 1,829 to 3,658mm; seamless 
tubes. 
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Amalgamated Industrial Steel Bhd (AIS) 

Head office: PO Box 22, Sungei Rengam, Shah'Alam, Selangor. Tel: 361616-8. Cablet; 
Amalindus. 
Established: 1969. Capital: MSIO million. No. of employees: 122 (works); 34 (office). 
Ownership: Public company. Subsidiaries: None. 
Works: H F tube and pipe mills (annual capacity 50.000 tons). Galvanizing plant, cold roll 
former and slitting machine, etc. 
Products: Steel pipes (black and galvanized) \* to 16" dia.; square hollow sections f" x •}" tn 
6" x 6"; rectangular hollow sections j " x 14" to 3" x 6"; electrical conduit pipes; cold 
formed angles, channels and other sections. Production in 1976, 24,000 tons. 

Amalgamated Steel Mil ls Sdn Bhd 

Head office: 6 Jalan 213, Petaling Jaya. Selangor. Tel: 52001-2, 562032,771641. Telex: 
31206 steel ma. Cables: Techiang Petaling Jaya. 
Management: William H. J. Chenr. (managing director). Establshed: 1976. Capital: MS12 
million. No. of employees: 220 (anticipated) (200 works, 20 office). Ownership: Lion 
Enterprise (KL) Sdn Bhd. Lion (Teck Chiang) Sdn Bhd. Malaysian Armed Forces 
Provident Fund. Bumivest Enterprise Sdn Bhd. 
Annual capacity: Rolled steel 150,000 tons (projected). 
Works: Bukit Raja, Selangor. Works director: Pao Tung Sheng. Wire rod mill (annual 
capacity 150.000 tons). 
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Amalgamated Sleet Mills Siln Hhd (continued) 
Products: Wire rod for hard drawn wire, galvanized wire, bolta and nuts, welding electrodes, 
wire rope and construction. Coil weights 400 lo 1,000 kg; gauge 5-5 to 28mm. Production is 
planned to start in mid-1978. 
Expansion plans: Arc furnace and continuous casting—1981. 

Federal Iron Works Sdn Bhd (FIW) 
Head office: 14 Jalan Tandang. Petaling Jaya, Selangor. Tel: 771177. Tele*: 37631 
fedion. Cables: Fed iron. 
Management: Directors: Goh Seng Choo (chairman), Lim Chin Guan (managing), Goh 
Geok Chuan (executive), K. Takahashi (executive), Goh Geok Khim. Y. Hashimoto, Y. 
Yakura. Established: 1959. Capital: MS9.562.500. No. of employees: 240 (works); 30 
(office). Ownership: Private limited company. Subsidiaries: None. 
Works: Petaling Jaya (H.O.X Works manager: Thomas Yau Keen Fook. Continuous 
galvanizing line (annual capacity 55,000 tons). 
Products: Galvanized sheets (output in 1976. 55,000 tons). Brands: Tiger. 

Malayawata Steel Bhd 

Head office: 1st Floor, Kompieks Autarabangsa, Jalan Sultan Ismail, Kuala Lumpur 04 
03. Tel: 423744. Telex: 40052 mawata ma. Cables: Besi Baja Kuala Lumpur. 
Management: Y. M. Tunku Dato' Shahriman bin Tunku Sulaiman (chairman), Abdul 
Rahman Hamidon (chairman of executive committee of directors). Khoo Seang Hoe (general 
manager), Mokhtar Hamid (secretary). Established: 1961. Capital: MS38.87S.000 (paid up). 
No. oT employees: 1,466 (1,298 works. 168 office). Subsidiaries: Malayawata Charcoal Sdn 
Bhd (charcoal production). Malaysian Steel Corp Sdn Bhd (tinplate—not yet in operation). 
Annual capacity: Pig iron 157,000 tons; raw stdel 186,000 tons; rolled steel 157,000 tons. 
Works: Prai. Province Wellesley, Penang. Tel: 331644. Telex: 40052 mawata ma. General 
manager: Khoo Seang Hoe. Charcoal kilns (annual capacity 132,000 tons). Sinter plant: One 
l-2m strand Dwiglu Lloyd (132,000 tons). Ironmakmg plant: Two blast furnaces—one 
3-7m hearth dia., 204 cu. m (96,000 tons), one 3- Im hearth dia, 148 cu. m (62.000 tons). 
Steelmaking plant: Two 15-ton LDs (160.000 tons), one 10-ton electric arc furnace (24,000 
tons). Continuous casting machines: One 2 strand Mitsubishi Olsson (72,000 tons). Rolling 
mills: Continuous cross-country rebar mill (incorporating wire rod train) (157,000 tons). 
Other plant: Cold forming plant. 
Products: Wire rod 5-5 to 6-5mm, mild steel rounds and high tensile deformed bars f" to 
11", angles and flats, cold formed products (output in 1976, 150,000 tons). 
Expansion plans: No.2 rolling mill with a capacity of 270,000 tons a year is expected to start 
up m 1931. 

Maruichi Malaysia Steel Tube Sdn Shd 

Head office: Jalan Utas. Shah Alam Phase III. Selangor. Tel: 362106-7, 362160, 362289, 
362450. Telex: 38655. Cables: Auroratube Sungei Renggam. 
Management: Directors: Mrs. Yang Yen Fang (managing). Pan Chin Ho (factory), Zain 
Azahari Bin Zainal Abidin. Teruo Horikawa, Hew Kiang Main. Established: 1969. Capital: 
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Maruichi Malaysia Sietl Tube Sdn Bhd (continued) 
Authorised: MS10 million. No. oremployeei: 104 (works); 17 (office). Subsidiaries: None. 
Works: Selangor (H.O.). Works director: Pan Chin Ho. Plant for pipe \" to 6 f o4. (annual 
capacity approx. 26,000 tons). 
Products: BS galvanized pipes, \' to 6* (classes A, B, & C); BS black pipes, {* to 6* (classes 
A, B, & C); rectangular and square hollow sections; lip channels; C channels; gate channels; 
hat-type channels; U channels; triangular bed frames; conduit pipes: earth pipes; round, 
square and rectangular furniture tubes; lamp poles; flag poles; etc. (output in 1976, 20,426 
tons); hot-dip galvanizing services (5,150 tons). Brands: Maruichi. 
Expansion plans: Pipes up to 16" o.d.—projected implementation 1979/1980. 

Southern Iron & Steel Works Sdn Bhd (Sis) 
Head office: 178-A Beach Street, Penang. Tel: 04 25433 and 04 25188. Telex: 40227 
pengam ma. Cables: Southsteel. 
Management: Choong Han Leong (chairman and managing director), Kok Ah Kau (director 
in charge of sales and purchasing). Established: 1963. Capital: M$4 million. No. of 
employees: 200 (works); 20 (office). 
Annual capacity: Rolled steel 10,000 tons. 

- • Works: Rolling mills: Bar (annual capacity 10,000 tons rounds. 4,000 tons flats). Tube and 
pipe mills: Welded tube facilities (9,000 tons). Other plant: Sheet galvanizing and corrugating 
plant (10,000 tons). , 
Products: Galvanized corrugated sheets—24g, 26g, 28g, 30g, 32g and 35g; width about 27" „ 
after corrugation, depth of corrugation } " , eight corrugations of 3", lengths 5' to 10'. - ; 
Galvanized plain sheets—8' x 3' in 24g, 26g, 28g. 30g, 32g and 35g. Galvanized i-J 

lonritudinal-welded steel tubes to BS 1387/1967 in light/medium/heavy series (sizes 4" up to . 
2 , ' ) ; welded furniture tubes. f". i", i", 1", 4 " d:v in lengths of 20'. Hot rolled mild steel 
rounds (commercial quality)—8, 9, 12, 16mm x 40'. Hot rolled mild steel flats—3 x 20mm, 
25mm; 4^ x 16mm, 20mm, 25mm; 4 x 16mm, 20mm, 25mm. Brands: S within six-pointed 
star device. 

United Malaysian Steel Mills Bhd 

Head office: 1-5 Jalan 12/6, Petaling Jaya, Selangor. Tel: 774622. Cables: Malsteel 
Petaling Jaya. 
Management: Albert Mart (executive director), Carl Chow Yoon Loong (general manager), 
Lee Kim Suie (business manager), Liew Shee Yan (financial controller), Ung Chin Seng 
(production manager), Leong Poh King (personnel manager), Khoo Boo Hin (administrative 
officer). Established: 1967. Capital: USS2.400.000, No. of employees: 587 (544 works, 43 
office). Subsidiaries: United Malaysian Delinning Industries Sdn Bhd (production sponge tin 
and baled scrap); United Malaysian Shipbreaking Industries Sdn Bhd (not yet in opcauon in 
early 1977). 
Annual capacity: Rolled steel 50,000 tons. 
Works: Petaling Jaya (H.O.). Stedmaking plant: Two 6 ton electric arc furnaces (annual 
capacity 25,000 tons). Rolling mills: Semi-continuous rolling mill comprising 2 stand 3-high 
14" rougher, 8-stand 2-high 10" intermediate and finishing mill (50,000 tons); 7-stand 3-high 
9" rerotimg mill (10.000 tons); 7-sund 3-high rerolling mill (10/300 tons). 
Products: Mild steel round bars from 9 to 24mm; deformed bars 9 to 24mm. 
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Indus Steel Pipes Ltd 
Head ofllce: IMDC House, 6th Moor, Or. Ziauddin Ahmad Road, Karachi. Tel: 
514837. Cables: Gaspipe. 
Mating* mem: Chairman: A. H. A. Kazi. Directors: M. Siddiqui (managing), LatifE. Jama). 
T. G. Nusir Khan. Iqbal Mehdi Shun, Gulzar Husain Dar, Aziz L. Jamal. Established: 1967. 
Capiutl: Equity: Rs 5 million. No. or employees: 27 (works); 10 (office). Ownership: Public 
limited company. Subsidiaries: None. 
Works: National Highway near Wapda Thermal Power Station, Kotri, Dist. Dadu Sind. Tel: 
91 24369. Works manage:: Syed Husbanallah. Tube and pipe mills: Spiral-weld Tor 6"lo 20' 
dia. (annual capacity 3,000 to 5,000 tons per shift). 
Products: Spiral-weld steel pipes 6", 6", 10" and 12" dia. to API specification 5LS (output in 
1976, 724 tons). 

Metropolitan Steel Corp Ltd (MSC) 

Head office: National F i t" trust House, PO Box No. 470, I. I. Chundrigar Road, 
Karachi. Tel: 210574-77. Cables: Metros eel. 
Established: 1954. Capital: Authorised: Rs 2,50,00 000. Issued and paid up: Rs 1.2^,79,000. 
No. or employees: 923 (works); 6B (office). Ownership: State. Subsidiaries: Note. 
Annual capacity: Rolled steel 90,000 tons. 
Works: Landhi Industrial Area, Karachi. Tel: 330081-83. Works director: Omer 
Yousuf.Rolling mills: Wire rod and baling hoop mill (annual capacity 25.000 tons), 12" bar 
mill (24,000 tons), section mill (30,000 tons), 10" bar mill (11,000 tons). 
Products: Plain rounds (output in 1976, 15,976 tons); deformed bars (12,953 tons); wire rod 
(50-80kg coils); Torsteel (7,815 tons); baling hoops (1,073 tons); angles (78 tons); joists and 
cnannels (180 tons); cold rolled strip; cold rolled sections (156 tons); wird—hard drawn 
bright (971 tons), black annealed (III tons), galvanized (2,079 tons), barbed (277 tons), 
prestressed concrete wire and strands (1,656 tons), spring, etc. 

Nawab Brothers (Steel Mills) 
Head office: D-41, S.I.T.E.. Karachi 16. Tel: 290313,290318-9. Cables: Nawaboil. 
Established: 1954. No. of employees: 80 (works); 10 (office). 
Annual capacity: Rolled steel 10,000 tons. 
Works: Karachi (H.O.). Re-rolling mills—one 10" and one 8" (annual capacity 10,000 tons). 
Products: Mfld steel reinforcing bars. 

New Era Steels 

Head office: l/C AJ Haroon, 10 Garden Road, Karachi 3. Tel: 70041. 77498. 
Annual capacity: Rolled steel 20,000 tons. 
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\>iv lira Steels (continued) 
Works: D-164. SITE. . Karachi. Tel: 292424, 291348. Re rolling mill. 
Products: Tor steel and other mild steel round bars; angles, etc. 

Nowshera Engineering Co Ltd (Neco) 

r-ejJ office: First Floor, Haroon Mansion, Khybcr Bazar, PO Box 304. Peshawar. Tel: 
?*>)"(> Cabin: Neco. 
Management: M. A. A!i (managing director), Mohammad Hussain (general manager), A. A. 
K--'^n\commercial manager), Raza Khan (manager, industrial and commercial relations). 
F<ul>lishcd: !v>;8. Capital: Rs 10 million. No. of employees: 416 (works); 57 (office). 
Ownership: State enterprise under Federal Light Engineering Corp. Subsidiaries: None. 
Annua! capacity: Rolled steel 18,000 tons (single shift basis). 
Works: G. T. Road. Nowshcra. Tel: 230 and 334. General manager: Mohammad Hussain. 
Steelmaking plant: Four electric arc furnaces—two 24-ton and two S-ton (annual capacity 
3C.00O tons). Rolling mills: 6*. 8", and 12* re-rolling mills for bars and sections (18.000 tons 
on single shirt basis). Other plant: Iron foundry with two cupolas; two 1-ton pneumatic 
forging hammers; hand tool plant; galvanizing plant; fabrication shop. 
Products: Bars, angles, flats, deformed bars. Torsteel, tees; forged shafts snd axles; iron and 
stee! castings, etc. 
Principal sales outlets: Musa Market, Opp. Sindh Medrassa, Frere Road, Karachi; Badami 
Bagh. Lahore. 

Pakistan Steel Mills Corp (Pasmic) 

Head office: Zutfikarabad (Pipri), Karachi. Tcli 416960. Teleat 3716 pasmic 
kar. Cables: Paksteel. 
Management: Chairman: A. R. Faridi. Directors: H. N. Akhtar, M. I. K. Khalil, 
Mohammad Athar. lshtiaq Aziz. Established: 1968. Capital: Authorised: Rs 500 million. 
Paid up: Rs 50 million. No. of employees: At April 1977—6,670(6,138 works, 2,583 office). 
Ownership: Public sector company. Subsidiaries: Pakistan Steel Fabricating Co. 
Annual capacity (projected): Pig iron 1,230,000 tons; raw steel 1,100,000 tons; rolled steel 
1.050.000 :a.-.s. 
Works: (Under construction). Coke ovens: Two batteries (49 ovens each) (annual capacity 
970.000 tons). Sinter plant: Two 75 sq. m strand (1,500,000 tons). Ironmaking plant: Two 
7,200mm hearth dia.. 1,033 cu. m blast furnaces (1,230,000 tons each). Steelmaking plant: 
Two 130-ton LDs (1,100,000 tons of cast slabs and blooms). Continuous casting machines: 
Th-ce 2-strand for blooms 200 x 200mm (275.000 tons). Rolling mills: Hot rolling—800mm 
?:"-ei mill (260,000 tons), 1.700mm semi-continuous strip mill (792,000 tons). Cold 
rolling—cold reduction mill (200,000 tons—saleable 90,000 tons), farmed section mill 
(120,000 tons). Strip coaling lines: Galvanizing section (2 to 8mm x 100 to 600mm) 
(100.000 tons). Other plant: Forge shop with six forge hammers (2,000-kg, 1.000 kg. two 
400-kg, two 230-k|) and two presses (160-ton and 100-ton). Foundry wuT produce about 
5.570 tons of castings/year (iron, steel and non-ferrous metal). 
Products: Production is scheduled to start in 1978-79 with coke, pig iron and billets, and 
expand in 1980-81 to include hot rolled and cold rolled sheeU, galvanized sheets and formed 
sections. Sizes—pig iron 45kg. 23kg and 18kg; billets 50 x 50mm to 100 x 100mm, length 7 
tn 8-n: hot rolled sheets, width 560 to 1,500mm and length 2-5 to 6m; cold rolled sheets, 
v Jih «j0 to 1,220mm and length 1 to 4m; galvanized sheets, thickness 0-5 to 1-Smrn, width 
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Pakistan Sleel Mills Corp (continued) 
700 to 1,500mm and length 1 to 4m; formed sections—angles 80 x 80mm to 150 x 150mm, 
channels 140 x 60mm to 250 x 80mm, various shapes produced from strip 50 to 600mm 
wide. 
General Information: The project has an initial capacity to produce 1,100,000 tons of sleel 
per year and a built-in potential for expansion to 2,000,000 tons per year. However, the 
product mix and quantity of each product will be determined on the basis of a feasibility 
study report. 

Peoples Steel Mi l ls Ltd 

Head office: 4th Floor Al-Farid Centre, Moulvi Tamizuddin Khan Road, Karachi. Tel: 51 
27 95 (sales: 512306 and 513379). Cables: Atloysled. 
Management: S. H. Rizvi (managing director), Mir Asad Ali (chief technical adviser), S. M. 
S. Zafar (general manager, works), M. S. Hasan (general manager, commercial), Masood A. 
Khan (manager, sales and marketing). Established: 1975 (start of production). Capital: 
US$33.260.000. No. or employees: 1.280 (1.219 works. 61 office). Ownership: Slate 
enterprise. Subsidiaries: None. 
Annual capacity: Raw steel 34,000 tons; rolled steel 17,200 tons. 
Works: Javedan Nagar, Monghopir, Karachi. Tel: 610385. General manager: S. M. S. 
Zafar. Steelmaking plant: Three electric arc furnaces—10/12-ton (annual capacity 12,500 
tons stainless steel), 10/12-ton (16,000 tons alloy steel), 3/4-ton (5.500 tons steel castings). 
Rolling mills: One 2-high 800 x 1,800mm reversing mill (45,000 tons), one 2-high pull-over 
700 x 1,120mm hot sheet roughing mill (5,000 tons), one 2-high pull-over 700 x 1,120mm 
hot sheet finishing mill (2,000 tons), l-stand 3-high 450 x 1,600mm medium bar mill (12,200 
tons), 4-stond 3-high 250 to 320mm x 600mm bar mill (roughing and finishing) (12,200 
tons), 4-high 320 x 1,120mm cold mill (2,000 tons). Other plant: Forging shop: One 1-ton 
and two f ton air hammers (800 tons). 
Products: Alloy and stainless steel: sheets—cold rolled 0-7 to 2mm x 914 x 2,000mm, hot 
rolled I 4 to 4mm x 950 x 2,000mm; hot rolled plates—6 to 50mm x 950 to 1,500 x 1,500 
to 3,000mm; hot rolled bars—rounds and squares 16 to 40mm; billets—50 to 165mm sq. 
Steel castings—all types of steel castings including stainless and alloy steels up to 5 tons 
(special castings up to 10 tons). Forgings (rough shaped)—all types of steels including 
stainless and other alloy steels (die forgings up to 3kg, free forgings up to 160kg). Output in 
1976, sheets and plates 1,220 tons, billets and bars 2,730 tons, castings 110 tons, forgings 80 
tons. 
Principal sales outlets: Peoples Steel Mills (Commercial Division), PIDC House, 5th Floor, 
Moulvi Tamizuddin Khan Road, Karachi 4. 
Expansion plans: Plant has been designed for expansion up to 30,000 tons/year. 

Razaque Steals Ltd 
Head office: 1/C Al-Haroon, 10 Garden Road, Karachi 3. Tali 77498.77726,70041-2. 
Annual capaehyi Rolled steel 20,000 tons. 
Works: B-30 (B), Estate Avenue. S.I.T.E., Karachi. Tel: 291825. Re-roOing mill. 
Products: Tor steel and other mild steel round bars, angles, etc. 



PHILIPPINES 
Apollo Steel Mills 
(Apollo Enterprises Inc) 
Head office: 818 £ Pantaleon Street, Mandaluyong, Metro Manila. Ttti 70 40 
46-9. Cablei: Apoiosteel Manila. 
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<4JNM7O Sre*/ Mills (continued) 
Management: Teofilo A. Zosa Sr. (chairman), Sergio Chuaunsu (vice chairman), Cheng Han 
Sui (president and general manager), Benjamin Sayhisek (vice president), Chong Kam Sang 
(treasurer). Chi-ng Han C*mg (assistant manager). Miss Gadian Kua (in charge—sales), 
Mtss Vicky U'y (in charge—pjrchasmg). Established) 1969, Capital) Pesos 30 million. N a or 
employees: 211 (1S1 works. 30 office). 
Works: Mandaluyong (HO.). Steelmaking plant: Two electric arc furnaces—one 3 4m 
hearth dia. (annual capacity 21.000 tons), one 3-8m hearth dia. (32.500 tons). Rolling mills: 
Hot mill comprising two 12^" roughing stands, four lOf" intermediate Stands, and one 
i t y ' - l l * finishing stand. 
Products: Steel ingor. 75kg, 85kg and 100kg (output in 1976, 19,412 tons); deformed steel 
bars—intermediate (3.937 tons), structural (9.187 tons). 

Armstrong Industries Inc 
Head office: 264 Rizal Avenue Extension, Corner 5th Avenue. Caloocan, Metro 
Manila. Tel: 353344, 353388, 343258, 343209. 353885. Cables: Amtsi Manila. 
Management: Fortunato Young (board chairman, president), Teddy Young (executive vice 
president). Lorenzo Young (vice president, operations), Tomas Cheng (vice president, 
finance). Established: 1966. Capital: US$710,000. No. of employees: 165 (150 works, IS 
office). 
Annual capacity: Raw sted 30.000 tons; rolled steel 24,000 tons. 
Works: Arkong Bato, Polo Valenzuela, Metro Manila. Tel: 237372. Works director: 
Lorenzo Young. Steelmaking plant: Two top charge electric arc furnaces—2-75m dia. 3.000 
kVA (annual capacity 10,000 tons ingots), 3-2m dia. 4,000 kVA (20,000 tons ingots). 
Roling mills: Cross-country hand mill—2-stand 280mm roughing mill, 6-stand 230mm to 
255m..-i finishing mill (24,000 tons or 12mm reinforcing steel bars using ingots). 
Products: Structural grade reinforcing steel bars 9 to 35mm dia. Brands: Armstrong 
Steel—reinforcing steel bars. 
Expansion plans: Conversion of the 2-75m 3,000 kVA electric arc furnace from casting 
structural grade steel ingots to special steel. 
General information: The company is also an importer or and dealer in metal working 
machine tools. 

Bacnotan Consolidated Industries Inc (BCI) 
Head office: 4th Floor, Phinma Bldg., Legaspi Village, Salcedo Street, Makati, Metro 
Manila. Tel: 87 49 06. Cables: Bacnotan Manila. 
Management: Directors: Ernesto O. Escaler (chairman), Filemon C. Rodriguez (vice 
chairman), Ramon V. del Rosario, Juan D. Quintos, Jose O. Escaler, Jorge J. L. de Leon, 
Oscar J. Hilado, Miguel A. Magsaysay. Slxto K. Roxas HI. Cesar C. Zalamea, Fr. Jesus 
Diza SJ, Pedro M. Almaiuor (ex-officio). Officers: Ramon V. del Rosario (president), 
Magdafeno Albumin (executive vice president), Ruhno R. Santos Jr. (vice president, 
treasurer). Bibiano M. Gavino (vice president, production). Vicente L. Babao (vice presidi ', 
marketing), Arthur M. Florendo (comptroller), Raymundo O. Feliciano (corpora.e 
secretary). Established: 1957, Capital: Authorised: Pesos 40 milUon. Subscribed: Pesos 
24,574.480. Paid up: 24.289,800. No. oremployccs: Steel Plant only—17 (works); 6 (office). 
Ownership: Filipino (73%). American (10%), others (17%). Subsidiaries: None. 
Works: BCI Union Steel Plant. Poro. San Fernando. LU. Tel: PLDT 21 30. Strip coating 
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Bacnotun Consolidated Inditstrttt Inc (continued) 
lines: Hot-cip sheet galvanizing and corrugating plant (annual capacity .0.000 tons). 
Products: Galvanized sheets, 26 and 31 g. 6' to 12' length (output in 1976, 6,000 tons). 
Brands: Union (galvanized sheets). 
Principal sales outlets: Laoag City, Vigan, Baguio City, Dagupan City, San Fernando (LU), 
Tarlac, Cnbanatuan. 

Elizalde Steel Consolidated Inc 
Head office: 9lh Floor, PCI Bank Bldg., Ayala Ave., Makati, Metro Manila. Tel: 89 44 
91-4. Telex: 7425066 tplate. Cables: Tplale Manila. 
Management: Directors: Manuel Elizalde Sr, Manuel Elizalde Jr., Pacificode Ocampo, L. P. 
Nepomuceno, J. V. de Ocampo, G. G. Puyat Jr., V. Jayme, T. Ishii. Officers/Management: 
Manuel Elizalde Jr. (president), L. P. Nepomuceno (treasurer/chairman, executive 
committee), N. C. Villasenor Jr. (member, executive committee), N. B. Pena (member, 
executive committee), R. Yturralde (mi.nager, sales division), B. A. Oteyza (manager, 
procurement division). Established: 1971 (consolidation). Capital: Authorised: Pesos 400 
million. Paid up: Pesos 76 million. No. of employees: 525 (works); 382 (office). Ownership: 
Elizalde & Co. Subsidiaries: Elisco Too! Manufacturing Corp. 
Works: Bo. Kalawaan Sur, Pasig, Metro Manila. Rolling mills: 4-high 380mm and 1,340 x 
1.170mm reversing cold mill (annual capacity 96,000 tons), 4-high 420/500mm and 1,340 x 
1,420mm combination reversing cold mill (110,000 tons), 4 high 500mm and 130 x 
1,170mm temper pass mill (240,000 tons). Strip coating lines: Halogen electrolytic tinning 
line and tin-free line, strip width 457 to 965mm (18" to 38"), sheet length 457 u> 952mm (18" 
to 37{") (75,000 tons); Ferrostan electrolytic tinning line, strip width 508 to 965mm (20* to 
38"). sheet length 457 to 105mm (18* to 43|") (50,000 tons). 
Products; Principal product—tinplate (bright or mallr finish). Main sizes: (A) 0-210 to 
0240mm—75 to 85 BWT; T3 or T4 temper; 916 x 845mm, 827 x 870mm, 807 x 864mm, 
720 x 845mm, 805 x 863mm, 720 x 854mm. (B) 0250 to 0310mm—T2 to T4 temper; 
450 x 760mm to 500 x 940mm. Other products: Cold rolled coils and sheets—500 x 
1,220mm wide, 0.246 to l-52mm thick, 11 -33 tons max. coil weight; cold rolled strip 
(hoop)—12-5mm min. wide, 0-279 to I-52mm thick, 11-33 tons max. coil weight. Tinplate 
output in 1976, 58,078 tons. 
General information; Early in 1978 the possibility was mentioned of Elizalde Steel's cold 
rolling facilities being taken over by National Steel Corpt and operated by a new company, 
Pasig Steel Corp. 

Globe Steel Corp 
Head office 11404 Soler Street, Manila. 
Established: 196a 
Works: Cainta, Rizal. Steelmalung plant One 10-ton and one 15-ton furnace. Rolling mills: 
One 10". 

t Products: Rounds and squares up to I-r"; flats up to 4"; angles up to 2* x 2*. 

International Pipe Industries Corp 
Head office: Philcomen Bldg., Ortigas Avenue, Pasig, Rizal. Cables: Pipemaker Manila. 
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International Pipe Industrie* Carp (continued) 
Established: 1964 (in operation since 1967). SaMdarkti Krakatau Horgovcni Inter 
national Pipe Indualnea Ud PT (Kill PT)t. Jakarta. Indonesia, 
Watts: Omaax Avenue, Barrio Ugong, Paeif. MsaL Stcsral-wtkl pit* pbM (annual capacity 
about 22.000 tonsX 
Products: Spiral weld pipes 4* ID 60* o.d. Also spiral weld pipe machinery. 

Marcelo Steel Corp (MSC) 

Head office: Marcelo Enterprises. Northern Hills, Malabon, Rizal. Tell 23 94 61, 78 49 
91. Teles: 3392 marsco pn. CablesI Marubtex Mania. 
Management: Jose P. Marcelo Sr. (president), Jose T. Marcelo Jr. (executive vice president), 
Edward T. Marcelo (director), George T. Marcelo (director), Helen T. Marcelo (director). 
Established: 1949. Capital: Pesos 23.277,968. No. of employees« 780 (works); 120 (office). 
Subsidiaries: Marcelo Tire & Rubber Corp (foam robber products and tyre materials and 
recapping); Marcelo Fiberglass Corp (flbrejlass boats); Maria Crist in a Fertiliser Corp 
(fertilisers); Marcelo Chemical A Pigment Corp (Marwhiting); Marcelo Rubber A Latex 
Products lnc (rubber shoes, boots and sandals). 
Works: Punta, Sta. Ana. Mia. Tel: 78 49 91. Telex: 3392 marsco pn. Steelmaking plant: 
Four electric arc furnaces—one 12-ton Dcido OT (annual capacity 34,000 tons), one 10-ton 
Lectromelt OPT (25,000 tons), one 8 ton Demag (13.500 tons), one 3-ton Daido (15,000 
tons). Rolling milts: One 3-high 22* billet mill and bar mill comprising one 3 high 20* 
roughing stand, one 3 stand 2 high intermediate mill and one 4-stand 2 high finishing mill 
(combined annual capacity 70,000 tons); 17-pass wire rod mill (70,000 tons). 
Products: Billets (output in 1976. 2,128 tons), bars (2.383 tons), wire rods 6mm (coil weight 
180kg) (5.477 tons), straight rods (SS4 tons), nail wire (3,735 tons), grinding balls (7 tons). 

Marsteel Corp 

Head office: 8th Floor, Associated Citizen's Bank Bldg,, 666 T. M. Kalaw Street, Ermita, 
Metro Manila. Tel: 30 33 51. Telex: RCA 7227433; ITT 7420270. Cables: Martel 
Manila. 
Management: Antonio V. Martel Jr. (president), Enrique V. Martd (executive vice president), 
Jose V. Marte! (senior vice president), Alfred D. Gamber (vice president and general 
manager). Established: 1964. Capital: Authorised (Dec. 31. 1976): USS6.666.667. 
Ownership: Marsteel Consolidated Inc. Subsidiaries: Okura-Marstect Corp (cranes); Armco-
Marstee! Corp (grinding balls); Tourist Trade & Travel Corp (tourism). 
Annual eapacity: Rolled steel 30,000 tons. 
Works: Tel: 90 26 11. Rolling mills: Section (rounds and angles) (annual capacity 12,000 
tons), merchant (plain and deformed bars) (18.000 tons). Other plant: Cold drawing plant for 
round and hexagonal shaftings (6,000 Ions). 
Products: Commercial bars 30 to 85mm and i' to If*—intermediate grade (output in 1976, 
120 tons), structural grade (137 tons); cold rolled shafting | * to 2-}* round, and f to I j * 
hexagonal (2,820 tons); equal angles 50 x 50 x 4mm to 75 x 75 x 9mm (690 tons); steel 
strapping (179 tons); light gauge sections (46 tons). Also power tillers, dicsel engines, foundry 
items. 
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Mayer Steel Pipe Corp 
Head •Meet Camrmay, Vateraraeta, Metro Manila. Tell 33 09 35,35 09 41, 35 09 47. 
Managemnili Manuel L. Sy Cua Beng (pnisident and general manager), Santiago Cheng 
(assistant general manager). Established) 1972. Capitali Pesos 4 million. No of employees: 
184 (works); 29 (office). Subsidiaries: None. 
Works: Canumay, Valenzuela (HO.). Tube and pipe mills: Welded 4* to 4* (annual capacity 
14,400 tons) and 5' :o 10* (7,200 tons); spira^ld (7,200 tons). 
Products: Welded pipe—black and galvanized pipe (lightweight) I" to 6*, black and 
galvanized pipe (Sen, 40 ASTM) T * to 10*, black and galvanized pipe (BS) \" to 10*. 
furniture tubing | * to 3*, conduit pipe +* to 6*. Spiral-weld pipe 12* lo 104*. Brandt i Mayer 
Pipe. 
Principal talcs outlets: Gomaco Distributors Inc Ortigat Ave., San Juan. Rizol. 

National Steel Corp (NSC) 
Head office: Midland Buendia Bldg., 403 Buendia Avenue Extension, Makati, Rizal (Mailing 
address: PO Box 631. MCC Makati, Rizal) Tel: 87 10 51-9, 87 10 02-4. Teles: RCA 
2524. Cables: Natsteel. 
Management: Chairman of the board: Vicente T. Ptlerno. Board members: Panfilo O. 
Domingo, EsteEto P. Mendoza, Roman A. Cruz Jr., Gilberto Teodoro, Placido L. Maps Jr. 
President: Eduardo J. Rodriguez. Established: 1974. Capital: Pesos 124 million. No. of 
employees: As at Dec., 1976—1,441 (works); 221 (office). Ownership: Wholly-owned by 
Development Bank of the Philippines. Subsidiaries: NSC Trading Corp (exporter, importer 
and trader of any merchandise, particularly steel and metal products); NSC Shipping Corp 
(overseas shipping for carriage of passengers, freight, mails, etc.); Nattieel Shipping Corp. 
Annual capacity: Raw sled 42,000 tons; rolled steel 422,000 Ions. 
Works: Ilgan City. Tel: 20 615. Telex: RCA 2524. Resident manager: Antonio S. Valera. 
Steelmaking plant: One 25-lon Demag (Heroult type) electric furnace (annual capacity 
42,000 tons). Continuous casting machines: One 2-strand Demag 80 x 80mm and 150 x 
150mm (42,000 tons). Rolling mills: Flat products Blaw-Knox type—plate mill (90.000 
tons), hot mill (420,000 tons), cold mill (350,000 tons). Merchant bar mill (72,000 tons on 
three shifts). 
r.oduets: Cold rolled: Sheets for galvanizing—0426mm, 0-238mm, 0531mm x 36" wide 
x cjil MSG 16 x 4' x coil; coils for galvanizing—O-426mm/0-238mm x 3' wide x 6' to 
12', 0-531mm x 3' x 8'; coils for drumstock—MSG 18, 20, 28 x 25}", 3 5 { \ 36". 48" x 
coil 0-426mm x 36* x coil; sheets for appliances—MSG 22. 20 x 23" to 3 5 f x 102" to 
158"; sheets for hardware—MSG 16 to 26 x 4' x 8'. Hot rolled: Hardware—16 to 6- 35mm 
x 4' x various lengths; plates—ABS grade, various thicknesses x 6' wide x various lengths; 
skelp— I-5mm to 7-93mm x 63mm to 1,219mm x coil Steel bars: Structural deformed, 
plain and intermediate and Grade 60 bars, f* to If" dia. Tin mill blackplate: 75 to 1071b 
base box. Output in 1976: Cold rolled sheets, 67,000 tons; cold rolled coils, 126,000 tons; 
hot rolled sheets, 7,000 tons; hot rolled coils., 23,000 ions; skelp, slit coils, 2,000 tons; tteel 
bars, 35,000 tons; plates, 3,000 tons. 
Principal sales outlets: National S:<xl Corp and NSC Trading Corp at head office address. 
National Steel, Sted Service Center. Formemo Warehouse, Atlanta & 11 Streets, Port Area, 
Manila. 
General information: Early in 1978 the possibility was mentioned of National Steel.Corp'$ 
takeover of the cold rolling facilities of Elizalde Iron & Steel Corpt and the formation of a 
new company, Pasig Steel Corp, to operate them. 
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Pagasa Steel Works Inc (PSW) 
Head office: E. Rodriguez Avenue. Manggahan, Pasig. Rizal. Tel: 609 J 66 
6920205-6. Cables: Steelworks Manila. 
Management: Francisco Tong (president and general manager). Established: 1966. No. of 
employees: 100. Subsidiaries: None. 
Annual capacity: Rolled steel 45.000 tons. 
Works: Manggahan (HO). Works director: Andrew Tong. Rolling mills: Cross-country 
type bar and rod mill with 430mm roughing and 355mm finishing stands (annual capacity 
45,000 tons). 
Products: Wire rod (coil weight 90kg), reinforcing ban, rounds. 

Philippine Sinter Corp 

Head office: UJi Poor, Citibank Center, 8741 Pasco de Roxas, Makati, Metro 
Manila. Tel: 87 57 96-8. 87 24 97, 89 33 42. Teles: 752 722 2134. Cables: Sinter Mia. 
Management: Motoi Sakaki (chairman and president), Osamu Endo (executive vice 
president), Hiroshi lida (senior vice president), Teruo Yamasaki (senior vice president and 
treasurer). Yasuyuki Tokunaga (vice president), Gabriel B. Evangelista (vice president), 
Carlos G. Raton (secretary). Established: 1974. Capital: Pesos 500 million. No. of 
employees: 478 (works); 39 (office). Ownership: Kawasaki Steel Corpf (100%). 
Subsidiaries: None. 
Works: Phividec Industrial Estate. Misamis Oriental. Tel: 33 28. Telex: 7794 psc pu. Works 
director: Osamu Endo. Sinter plant: One 450 sq. tn strand Owight Lloyd (annual capacity 
5.000.000 tons). Limestone mine at Garcia Hernando, Bohol. 
Products: Sintered iron ore (6 to 50mm) and limestone (200 to 3mm)—not operational in 
1976. 

Republic Steel Tube Inc 
Head office: Bo. Pamplona. Las Pinas, Metro Manila 'PO Box 3018, Manila). Tel: 83 13 
46. 83 14 16. 83 40 22. 
Management: Francisco S. Gaisano (executive vice president), Peter S. Gaisano (general 
manag-rX Feticisimo L. Yap (plant manager). Established: 1957. Capital: Pesos 2 million. 
No. or employees: 70 (48 works, 22 office). Ownership: Filipino corporation with following 
shareholdings by nationalities: Filipino 71%; American 29%. Subsidiaries: None. 
Works: Las Pinas, Metro Manila (H.O.). Works director: Francisco S. Gaisano. Tube and 
pipe milts: Welded tube equipment (annual capacity 10,000 tons). Other plant: Pipe 
galvanizing equipment. 
Products: Longitudinal-weld Wack and galvanized water pipes—6m standard length; 
diameters 15mm. 19mm. 25mm, 31mm, 39mm, 51mm, 73mm, 90mm; ISO Light Series rj 
and ASTM Sched. 40 (output in 1976, 6,500 tons). 

Rizal Integrated Steel Mill C->rp 

Hetd office: Calumpang Road. Cainta, Rizal. Tel: 693 0281.695 0359. Cables: Rismcor 
Manila. 
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Rizal Integrated Sleel Mill Corp (continued) 
Management: Augusta M. Barcdon (presidenl), Urn Ki Thong (executive vice president), 
Tiu Ka Clio (first vice president), Faustino Lim (treasurer), Sliao Chien Yin (general 
manager), Quirico T. Carag Jr. (corporate secretary). Established: 1967. Capital: Pesos 5 
million. No. or employees! 50 (works); II (office). 
Works: Cainta, Rizal (H.O.). Plant superintendent: Anastasio Torralba Jr. Hot-dip sheet 
galvanizing line (annual capacity 36,001) tons). 
Products: Galvanized sheets—gauge 24, 3' x 8'; gauge 26, 3' x 6' to 12'; gauge 31, 3' x 6' 
to 12'. Brands: Mayon. 
Principal sales outletsi Sales office: R3I9 Bank or PI Bldg., Plaza Cervantes, Manila. 

Southern Industrial Projects Inc 
Head office: Area Bldg., 1843 Taft Avenue, Pasay City, Metro Manila. Tel: 50 3941. 
Management: President: Domingo Limoanco. Executive vice president: Crrjorio Concon 
(purchasing). Sales: Area & Co (abov.; address). Established: 1958. Capital: Pesos 12 
million. No. of employees: 84 (works); 6 (office). Ownership: Area & Co (60%). 
Works: Cortes, bohol. Works director: Fred Go. Two galvanizing lines—40" (annual 
capacity 24.000 tons), 50" (30.000 tow); colour bonding line (6.000 tons). 
Products: Galvanized steel sheets 3' x 6' to 12' (output in 1976, 10,000 tons). Brands: 
Southern Star (galvanized sheets); Area (colour-bonded sheets). i 
Principal sales outlets: Area 4 Co at head office address. j i 

—) 
- J 

Super Industrial Corp 
Head office! 73 Quezon Blvd Exl„ Quezon City. Tel: 60 95 57-9. 
Management: Dee K. Chiong (chairman), Fernando Chan (vice chairman), Gil R. Carlos, 
Cham Kim Beng. Enrique Dy Buncio, Gan Hua, Faustino Lime (corporate treasurer), 
Chikahide Ninagawa, Simeon Valdez, Eienjamin D. Ynson, Felipe Yulienco. Established: 
1958. Capital: At July 31, 1977: Peson 11,606,000. No. or employees: 53 (works); 26 
(office). 
Works: Bo. Sto. Domingo, Cainta, Rizal 3107. Tel: 60 95 75,695 0374. Tube and pipe mills: 
Yoder type with HF longitudinal seam, 15 to 50mm ( f to 2"); WPS 6 type, 65 to 150mm 
( 2 f to 6"). 
Products: Black and galvanized pipe, 15mm ( f ) , 20mm ( f ) , 25mm (1*), 32mm (IA"). 40mm 
( I f ) and 50mm (2*)—PTS Class A (ASTM A-120 Sen. 40), PTS Class B (ISO Series II 
water pipe), and thin wall conduits. Output in 1976—steel pipes 5,112 tons, conduits 274 
tons. Brands: Super Pipes. 
Expansion plans: Pipe mill for 65mm to 150mm with HF contact resistance welding—com
pletion early 1978. 

Union Steel Manufacturing Co Inc 
Head office: 28 8lh Street, Comer )th Ave., Grace Park, Caloocan City, Metro 
Manila. Tel: 35 22 96, 35 38 97, 35 39 50. Cables: Unionsteel Manila. 
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Union Steel Manufacturing Co Inc (continued) 
Management: George C. Wang Sr. (president and genera) manager), Francisco Qua Hing 
Kok (vice president ami assistant general manager), Galniet Qua (factory man.iger), Cutalino 
Villaraina (melting and casting manager), lilwin C. Wang (sales assistant), Artcmio 0. Ong 
(personnel manager). tisiahlished: 1958. Cnpilal: Pesos 1 nullum. No. of employee): 200 
(works); 19 (ollice). 
Annual capacity: Rolled steel 18.000 tons. 
Works: Calcocan (H C.) Works director: Artemio C. Ong. Steclmaking plant: One 5 Ion 
electric furnace (annual capacity 7,",00 tons). Rolling mills; Roughing and intermediate 
(18.000 tons). 
Products: Reinforcing bars and rounds. 

Universal Steel Smelting Co Inc (Unisteel) 

Head office: 28 Quirino Highway. Halintawak. Quezon City. Tel: 33 52 82, 35 52 84, 35 
57 34. Cables: L'nisteel. 
Management: Ong Teh (president), George Lim (executive vice president and general 
manager), Joseph Lim (vice president), Daniel Lim (treasurer), A. Cabatingan (secretary), 
Francis Lim (purchasing manager). EsUbtihed: 1967. Capital: Pesos 1,800,000. No. of 
employees: 147 (130 works; 17 office). Subsidiaries: None. 
Works: 12* multi-stand rolling mill. 
Products: Reinforcing bars; rounds and squares. 

11, 

I 
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Hume Industries (Singapore) Ltd 
Head office: 13.7 Km. Bukit Timah Road, Singapore 21. Tel: 663288. Telex: 
22110. Cables: Humesinga Singapore. 
Management: Chairman: M. Y. 0 . Fain. Directors: Tay Kwang Seng, Lee Khye Seng, ~ V. 
Dodge. Establbhcd: 1963. Capital: SS50 million. No. or employees: 300 (works); lOO 
(office). Ownership: Wholly -owned by Hume Industries (Far East) Ltd, Singapore. 
Subsidiaries: None. 
Works: Singapore (H.O.X Plant Tor sectional welded steel pipes (annual capacity 13,000 
tons). 
• 24 Jurong Port Road. Singapore 22. Tel: 651719. Plant for spiral-weld steel pipes (annual 
capacity 12,000 tons) and for galvanized tubes (12,000 tons). 
Products: Sectional welded steel pipes 16* to 72* dia. lined with cement or bitumen and 
wrapped with bitumen-asbestos fell (output in 1976, 12,000 tons). Spiral-weld pipe 6" to 42" 
and galvanized tubes j " to 4". 
Principal sales outlets: Head office address. Overseas agents—Water & Engineering 
Equipment Ltd, Kenya; Jariine Engineering Corp Ltd, Hong Kong; Jawal S. Samcrai. 
Kuwait; Dolly Enterprises. Dacca, Bangladesh. 

Leong Huat Industries Ltd 
Head office: 91-B Lavender Street, Singapore 12. Tel: 2586089, 2587408 and 
2587983. Telex: 23323 Ihimill. Cables: Leongprofi. 
Management: Directors: Soon Teck Tee (managing). Teo Choo Hian (general manager), Teo 
Choo Guan (executive), Mrs. Teo Choo Eng (executive). Established: 1968. Capital: 
SS7.500.000. No. or employees: 70 (50 works, 20 office). Ownership: Public company. 
Subsidiaries: Ferro Industries Pte Ltd (wholly owned construction company). 
Works: 132 Hillview Avenue, Singapore 21. Tel: 666254, 664454 and 666365.Telex: 23323 
thimill. Works director: Teo Choo Guan. Tube and pipe mills: Plant for square and 
rectangular hollow sections (annual capacity 12,000 tons). 
Products: Square and rectangular ho! JW sections 50 x 50 x l-6mmto 125 x 125 x 6mm 
and 60 x 40 x l-6mm to 150 x 100 x 6mm. 

Malaysia Steel Pipe Mfg. Co Ltd (MSP) 

Head office: 30 Jalan Buroh. Jurong Town, Singapore 22. Tel: 6J 1515. Cables: Sinpipe. 
Management: Chairman: Yap Ee Toon. Managing director: K. Kobayashi. Directors: Yeo 
Kim Tian. Dan Chin Ho. T. Horikawa. S. Tanaka. Capital: S$3 million. No. or employees: 
60 (works); 8 (office). Ownership: Nissho Iwai Co Ltd. Japan. Maruichi Sleet Tube Workst. 
Japan. Kheng Hoe Co Ltd, Singapore. Ban Guan Hin Co Ltd, Ipoh. 
Works: Tube and pipe mills: Two HF induction pipe welding lines (annual capacity 20,000 
tons). Other plant: Galvanizing line. 
Products: \' to 2* gas and water pipe, conduit tubing, furniture tubes (output in 1976, 8.000 
tons). 
Expansion plans: Additional galvanizing plant. July 1977. 
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National Iron & Steel Mills Ltd (NISM) 
Head office: 22 Tanjong Kling Road, Jurong Town, Singapore 22. Tel: 65 1233. Telex: 
21569 nism. Cables: Singasteel. 
Management: Board or directors: Howe Yoon Chong (chairman), Goh Tjoei Kok (vice 
chairman), Uc'i Seong Pek, Tan I Tong, Tan Keong Choon, Wee Cho Yaw, Sio Sioe Soen, 
Na Lie Tjing, Teh Chcang Wan, Cher£ Tong Fatt, Lock Sai Hung, Ng Kee Choe. General 
manager: Ang Kong Hua. Assistant genern! managers: Axidur Ang (engineering). Pang Loo 
Kien (administration). Company secretary: S. F. Ho. Established: 1961. Capital: 
Authorised: SSSO million. Paid up: SS24.002.000. No. or employees: 888 (752 works, 136 
office). Subsidiaries: Eastern Industries Pte Ltd (dctinning—ceased operation); Eastern Wire 
Mfg. Co Pte Lid (drawn wre/weldmesh products); Jurong Industries Lid (deunning. 
lime/lime products); National ihipbreakers Pte Ltd (shopbreaking); Singasteel Sdn Bhd (iron 
and steel products dealers—ceased operation). 
Annual capacity: Raw steel 418,000 tons; rolled steel 377,000 tons. 
Works: Singapore (H.O.). Steelmaking plant: Five electric arc furnaces—two 20-ton (annual 
capacity 100.000 tons), one 40-ion (100,000 tons), two 50-ton (200,000 tons); two 13 ion 
coreless mains frequency induction furnaces (18,000 tons). Continuous casting machines: 
Two 4-strand low head for 100 and 120mm sq. billets (300,000 tons). Rolling mills: 
Merchant bar mills—No. 1 cross-country (120,000 tons), No. 2 cum wire rod mill Iscmi-
tandem) (45,000 ions). No. 3 cross-country (12,000 tons). No. 4 landcm (200.000 tons). 
Products: Mild steel round bars—6mm, 9mm or 10mm, 13mm, 16mm, 20mm, 22mm, 
25mm, 28mm, 32mm; high-tensile deformed bars—10mm, 13mm, 16mm, 20mm, 22mm, 
25mm, 28mm, 32mm; mild steel squares—6mm to 30mm; mild steel Hats—3 x 15mm io 25 
x 75mm; mild steel angles—3 x 25 x 25mm to 6 x 75 x 75mm; wire rods—55 to 
I l-30mm. Output in 1976, 241,248 tons. Brands: Singacon (high-tensile deformed bars). 
Principal sales outlets: Head office address and 5th Floor, Tat Lee Bldg., 63 M.-rket Stroct, 
Singapore 1. 

Simalpan Steel Industries (Pte) Ltd 

Head office: 24 Jurong Port Road, Jurong Town, Singapore 21 Tel: 653922. Cables: 
Simalpan. 
Established: 1961. Ownership: National Industries of Singapore Ltd. 
Works: Jurong Town (H.O.). HF induction-weld steel pipe mill (annual capacity 10,000 
tons); spiral-weld pipe mill (5,000 tons). 
Products: HF induction-weld pipe f to 4" dia. to BS 1387; s.'iralweld pipe 8" to 48" dia. to 
BS 3601 and BS 534; galvanized pipe. 

SOUTH AFRICA 
Bright Metals (Pty) Ltd 

Head office: 41 Randburg Cent.e, 166 Hendrik Verwoerd Drive, Randburg 2194 (PO Box 
50685, Randburg 2125). Tel: 48 1160. Telex: 8 7687. Cables: Titmdus Johannesburg. 
Management: Directors: H. C. H. Hutten (chairman). D. L. Lee (managing), H. J. Barnard. 
D. H. Schneider, P. G. Schweiier, J. A. Siege). G. R. Sloane (alternate). Subsidiaries: 
Subsidiary and associate companies—RenboU Engineering (Pty) Ltd (mine roof studs); 
Titan Industrial Corp (1952) (Ply) Ltd (steel importers and exporters). 
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SRI LANKA 
Ceylon Steel Corp 
Head officei Oruwala, Athurutjriya. Tel: 29440, 29447-9, 0751 211-3. Tcleu 1248 
minind Colombo. Cablet: Sieeleorp. 
Management: Board of directors: A. R. T. de Silva (chairman), B. Manukulasuriya 

( 
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Ceylon Sietl Corp (continued) 
(managing director), K. K. Y. W. Perera, S. Tillekaratne, J. S. Ounasekera. Manager*: J. A. 
D. W. Peiris (aisistani general manager, production and engineering), D. T. Abeysiri 
(assistant general manager, research and development), Sumanaratne de Silva (assistant 
general manager), K. A. Gunasena (manager, rolling mill), B. C. L. Perera (manager, wire 
mill), P. Ariyagama (manager, ueel foundry), D. B. Rajapaksa (secretary, administration 
manager), U. L, M. Rauf (commercial manager), R. N. Varendran (finance manager). 
EstabBshedt 1961. Capllali Rs 176 million. No. of employeesi 1,300. Ownerships State 
industrial corporation. 
Annual capacity: Rolled steel I00,0VX) tons. 
Works: Rolling milts: Metchant mill (annual capacity 100,000 tons). Other plant: Steel 
foundry (1,000 tons); wire drawing and wire products department (10,000 tons). 
Products) Rounds 6-3 to 50mm; ribbed steel 8 to 32mm; dais; angles 25 x 25 x 4mm to 75 
x 75 x 10mm; wire products; welding electrodes—mild steel and special types; steel and 
iron castings. 
Expansion planti Expansion is currently under way. A 25-ton electric arc furnace (annual 
capacity 60,000 tons) and 4-slrand Soviet-designed continuous casting plant form phase I to 
be completed in 1978. Phase I I covers another 25 ion electric arc by 1982. Plant have also 
been prepared for a plant (2,000 tons) for | " to 3* black lubes. 



THAILAND 
The Bangkok Iron & Steel Works Co Ltd (BISW) 

Head office: 42 Suksawad Road, Bangkru, Prapradaeng, Samudpraka/n. Tel: 4627042-4, 
4625201-2, 4626445. Telex: 2011 udomihai th. Cables: Bistocl Bangkok. 
Management: Amnuey Pichitpongchai (vice managing director) Established: 1964..Capital: 
Approx. USS40 million. No. of rmployeei: 650 (works); 70 (ofr.ce). Ownership: Udom 
Pichitpongchai and family. 
Annual capacity: Rolled steel 120,000 tons. 
Works: Samudprakarn (H.O.). Ironmaking plant: One 40-ton electric pig iron furnace 
(annual capacity 1,000 tons). Steelmaking plant: Six electric furnaces—three 6-ton (30,000 
tons), one 10-ton (30,000 tons), two 20-ton (60,000 tons). Continuous casting machines: One 
3-strand Concast for billets (80.000 tons). Rolling mills: Bar mill (120,000 tons). 
Products: Deformed bars 10 to 28mm, round bars 6 to 28mm, billets and sections. Brands: 
BISW. 
Principal sales outlets: 627-633 Jawaraj Road.Klong Tome Lane, Bangkok 2. 

GS Steel Co Ltd 

Head office: 98 Poochaosamingprai Road. Samrongtai Prapradaeng, Samudprakarn. Tel: 
3940022. Cables: Geesteel Bangkok. 
Established: 1963. Capital: Bhat 60 million. No. of employees: 842 (works); 215 (office). 
Annual capacity: Rolled steel 140,000 tons. 
Works: Samronetui Pr»nr«H.««» (u r\ \ iw_.i.- J: '•-•< 



aao Iron & StMl W v k i of th» WtxU 

THAILAND 

GS Stttl Co Lid (continued) 
Three 20-ton electric furnaces (annual capacity 140,000 tons). Rolling milli: Wire rod mill 
(140.000 tons). 
Product*: Round bar—6, 9, 12. 15, !9. 22. 25 and 28mm; deformed bar—DB 12, DB 16, 
DB 19. DB 22, DB 25 and DB 28; wire rod—J-Jmm (coil weight 100 to 130kg). Output in 
1976. 73.844 tons. Brands: GSS. 
Principal talcs outlets: Distributors: Mitsubishi Co (Thailand) Ltd, Dusit Thani Bldg.. 9th 
Floor. Rama IV. Bangkok (Tel: 2337521): See Yong Ltd Partnership. 509-515 
Mahaprutaram Road. Bangkok (Tel: 2332700-2); Kawasho Corp, Dusit Thani Bldg., 3rd 
Floor. Bangkok (Tel: 2338255-6). 

S. Siam Metal Enterprises Co Ltd 

Head office: 49 Asadang Road, Bangkok. 
Management: Wong Chiab Nguan (chairman), Sinchai Taechushong (managing director). 
Suvit Prachasilpchai (director). Ekpongse Scribenchaparon (sales manager). Established: 
197$. Capital: US$1 million. No. of employees: 100 (works); 10 (office). 
Annual capacity: Pig iron 10,000 tons. 
Works: 9 Bang dua Pathumthanee. Tel: 2344222 TM262. Works dire-tor: Saeng 
Viriyathanit. Ironmaking plant: Electric smelting furnace (annual capacity 10,000 tons). 
Products: Pig iron (output in 1976. 8,000 tons). 

The Sangkasi Thai Co Ltd (SKT) 

Head office: ISO Sukumvit Highway. Samudprakam (PO Box 1402, Bangkok). Tel: 394 
0131-2. Cables: Sangkasi. 
Management: Boontom Yenmanote (managing director), Setsuo Azuma (deputy managing 
director), Chamni Visvapolb^on (executive director), Sakdi Topi boon (finance and 
accounting manager), Preecha Santivykul (factory manager), Vinit Chapanonda (sales and 
purchasing manager). Established: 1960. Capital: Baht 7,500,000. No. of employees: 460 
(385 works, 75 office). 
Works: Samudprakam (H.O.). Seven hot-dip galvanizing lines and one colour coating line 
(annual capacity 84,000 tons). 
Products: Galvanized and colour galvanized sheet (output in 1976, 48,000 tons). 
Corrugated—thickness USG 35-24. width 2 5'-3', length 5'-12' (zinc coating 0-6-1 00 
oz/sq. ft); plain—thickness USG 35-14. width 3 ' -4 \ length 6*-«' (zinc coating 1 00-1-50 
oz/sq. ft.). Brands: Three Crowns (galvanized corrugated sheets); SK (galvanized plain 
sheets). 

J The Slam Iron & Steel Co Ltd (Sisco) 
Head office: 814 Tcchavanich Road, PO Box 1474. Bangkok 8. Tel: S8S U U and 585 
0126. Telex: 2251 siamenL Cables: Siamiron Bangkok. 
Management: Sommai' Hoontrakool (acting managing director), Chumpol NaLamlieng 
(deputy managing director). Ganok Bhongbhibhat (general affairs manager), Kamthorn 
Sitaputra (production manager), Anond Srivardhana (administration manager). Established: 
1968. Capital: US$18 million. No. of employees: 2,200 (works); 100 (office). Ownership: 
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The Siam Iron & Sttel Co Lid (continued) 
Subsidiary of the Siam Cement Group. Parent company—The Siam Cement Co Lid. 
Annual capacity: Pig iron 16,500 tons; raw steel 120,000 tons; rolled steel 100,000 tons. 
Works: Rolling Mill Division. Tel: Saraburi 211 500. Telex: 2251 siament. Works director: 
Sutham Ekahitnnond. Ironmaking plant: Three 2-50m hearth dia., charcoal blast furnaces 
(annual capacity 5,500 tons each). Steelmaking plant: Two 30-ton electric arc furnaces 
(60,000 tons each). Continuous casting machines: One 3-strand Concast for carbon and.low-
alloy steel billets (120,000 tons). Rolling mills: Multi-purpose Schloemann merchant bar and 
rod mill—2-stand roughing (No. 1) 485 x 1,500mm, (No. 2) 485 x 1,000mm; 8-st* .. inter
mediate (Nos. 3-8) 300-330 x 700mm, (Nos. 9-10) 345 x 700mm; 8-stand finishing (Nos. 
11-16) 237-285 x 500mm (165,000 tons). Other plant: Pre-stressed concrete wire plant 
(18,000 tons). Foundry: Cast iron—grey, white, alloyed, malleable, nodular (6,500 tons); 
steel castings—carbon steel and alloy steel (3,500 tons). 
Produets: Plain round rebar (output in 1976, 20,000 tons), deformed rebar (30,000 tons), 
wire rod (coil weight 300kg) (50,000 tons). PC wire (7,000 tons). Brands: Sis. 
Principal sales outlets: Sales agent—through The Construction Material Marketing Co Ltd 
(CMMC), CMMC Bldg., Phaholyothin Road, Bangkok (the marketing company of the Siam 
Cement Group). 

Thai-Asia Steel Pipe Co Ltd 
(formarlyThal-Amarican Steal Works Co Ltd) 
Head office: GPO Box 2020, Bangkok. Tel: 462 6375-6. Telex: 2011 
udomthai. Cables: Tasteel Bangkok. 
Management: Udom Pichitpongchai (managing director). Established: 1963. Capital: Baht 
4.n million. No. of employees: 200 (works); 40 (office). Ownership: Joint venture between 
TVIF. and American interests. Subsidiaries: None. 
Works: 35 Suk Sawasdi Road, Prapradaeng, Bangkok. Tel: 462 6375-6. Telex:20M 
udomthai. Tube and pipe mills: One Yoder pipe mill up to 2+" o.d. (annual capacity 10,000 
tons), one Demag pipe mill up to 8|" o.d. (40,000 tons). All longitudinal-weld equipped with 
HF induction welder. 
Products: Steel pipes; tubes; hollow sections from |" to 8* n.b. round, 50 x 50mm to 125 x 
125mm square. Output in 1976, 24,000 tons. Brands: TAS. 

Thai India Steel Co Ltd 
Head office: Siam Theatre Bldg., 2nd Floor, 308 Siam Square Soi 4, Bangkok. Tel: 
2526696 and 2510287. Cables: Tiscorp Bangkok. 
Management: Cassim Jadwet (managing director), Himatlal V. Gandhi (managing director), 
N. Sundaresan (general manager), A. S. Tulsidhar (executive manager). Established: 1969. 
Capital: Baht 35 million. No. of employees: 251 (works); 14 (office). Ownership: Public 
limited company. Subsidiaries: None. 
Annual capacity: Raw steel 46,000 tons; rolled steel 60,000 tons. 
Works: 40 Phuchaosmingprai Road, Phrapradaeng, Smutnrakar. Tel: 3940242. 3940655 
and 3940707. Steelmaking plant: Two electric arc furnaces—6-ton (annual capacity 14,000 
tons) and one 10/15-ton (32,000 tons). Rolling mills: Merchant mill with two 3-high 12* 
roughing stands and seven 2-high 10" finishing stands (12,000 tons, two shifts): merchant 
mi'1, with four 3-high 16" roughing stands and six 2-high 10" finishing stands (4S.O0O tons, 
two shifts). 
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That M m Sltei Co Lid (nmMmmmi) 
Pratfacts: Mild stee) ingots (output in U74, I2J6* M M ) , roNH products inducing, 
reinforcing rounds (11.250 ions). 

Thai Steal Pipe Industry Co Ltd 
Head office: 36 Poochaosmingprai Road, Prapadang, Samutpiakam. Cables: Sttelpirc 
Bangkok. 
Works: Samutprakarn (H.O.). Three pipe welding line* (annual capacity 60,000 tons). 
Products: Black and galvanised welded pipe i" to 4* dia., including square. 

Thai Tinplate Manufacturing Co Ltd (TTP) 
Head office: 33 Mu 13. Soi Salakbandh, Poochao Sainingprai Road, Prapradaeng. 
Samutprakarn. Td: 3940425-6. 3940528, 3940300. Cabksi Seeyongco Bangkok. 
Management: Chamni Visvapolboon (chairman), Kasem Balsjiva (managing director). 
Established: 1974. Capital: US$3,300,000. No. of employees. 264 (146 works. 118 office). 
Works: Samutprakarn (H.O.). Electrolytic tinning line—Halogen type (annual capacity 
60.000 tons). Wire nail department. 
Products: Electrolytic tinplate .equally and differentially coated)—thickness 0-20 to 
0 JOmm. width 437 to 940mm. length 457 to 952mm; standard tempers, coaling weights and 
surface finish. Wire nails— 12mm BWG 17-I50mm BWG 4. Output in 1976,26.000 tons. 
Brands: TTP. 
Expansion plans: Second production line planned. 
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SUB-PROJECT Uc 

MINERALS EXPLORATION, MINING AND PROCESS CONTROL 

IN 

RCA COUNTRIES 

THIS DOCUMENT I S BASED ON THE UNDP PREPARATORY ASSISTANCE WORKING GROUP 

MEETING HELD ON 1 7 - 1 8 NOVEMBER 1 9 8 0 , VIENNA, AUSTRIA, AND THE IAEA CONSULTANTS 

MEETING HELD 2 2 - 2 6 OCTOBER 1 9 7 9 , IPOH, MALAYSIA. 





- 587 -

INDEX 

Sub-Projec t U(c) 

A p p l i c a t i o n of Nuclear Technology 

i n Minera l s E x p l o r a t i o n , Mining, and Process Control 

Pages 

1 . Summary Background Statement 589-590 

2 . App l i ca t i ons of Nuclear Techniques i n t h e Minera ls 590-593 
I n d u s t r i e s 

a . Uranium 590-591 

b . Coal 591-592 

c . Oi l 592 

d. M e t a l l i f e r o u s Mine ra l s 593 

e . Non-meta l l i f e rous Minera l s 593 

3 . Nuclear Technology Applied t o t h e Mine ra l s I n d u s t r i e s in 59^-597 
t h e RCA Region 

a . Tin 59^-595 

b . Coal 595 

c . Uranium 596 

d. Oi l 596 

e . M e t a l l i f e r o u s Minera ls 596-597 

f. Non-Meta l l i fe rous Minera ls 597 

h. Programme f o r Technology Trans fe r 59$ 

5. Sub-Pro,1ect Plan and Budget 598-600 

6. Table I 601-602 

Attachment 1 : L i s t of Consu l tan t s t o t h e UNDP P r e p a r a t o r y 603-6,05 
Ass i s t ance Working Group Meet ing, 17-18 November 1980, 
Vienna, A u s t r i a 

Attachment 2 : Report of t h e IAEA Consu l t an t s Meeting on 607-655 
Automated Nucleonic Systems fo r I n d u s t r i a l Process Control 
Purposes in t h e Minera l I n d u s t r y , 22-26 October 1979* Ipoh , 
Malays ia 

Attachment 3- Report on v i s i t t o S.E. Asia Tin Research 657-689 
and Development C e n t r e , Ipoh , M a l a y s i a , June 1979- Harwell 
Commercial Report G151U proposed fo r M i n i s t r y of Overseas 
Development, London, on beha l f of U.N. Economic and S o c i a l 
Commission fo r Asia and t h e P a c i f i c , Bangkok. 

Annex 1 : Output Schedule 





- 589 -

1. Summary Background Statement 

The application of nuclear techniques to the finding, extracting, and 
processing of raw materials is becoming one of the most important areas 
of economic benefit. Applications occur in airborne-surveying (for 
uranium), in ground surveys (for a variety of minerals), in borehole logging 
(exploration for oil and coal, where heavy reliance is placed on nucleonic equip
ment), in mining (all metals, some non-metals, oil and coal), in ore-
sorting and in process control. 

The technical reasons for favouring nuclear techniques are not 
difficult to establish. Mineral deposits are generally heterogeneous and, 
as surface deposits are worked out, economically viable ore bodies 
increasingly occur at depth in the ground. Equipment for assessing ore 
grade and for diverting mining operations must therefore be both penetrating 
and elementally specific: only equipment based on the use of x-rays, 
v--rays and neutrons offer these characterisitcs. The value of elemental 
specificity in analytical equipment is also important in mineral preparation 
and processing plants where nuclear techniques are currently being introduced 
on a wide scale. 

The economic benefits from the use of nucleonic equipment are also easy 
to understand. Generally mineral resources are non-renewable; the life
time of deposits of some minerals is short and all are finite. More 
Specifically, the current primary motivation in the search for and exploi
tation of minerals is based on an increasing need to find new deposits of 
certain strategic minerals which are either in short supply (such as oil 
and gas) are in politically sensitive or in geographically near unique 
locations ( such as chronium). Aluminium is a special case, its high grade 
bauxite deposits are becoming worked out and, although bauxite is widely 
distributed in the earth's crust, lower grade deposits are highly energy-
intensive at the smelting stage. 

The development of the mineral wealth of a developing country has 
three important advantages: 

a- it contributes to the specific mineral requirements of that 
country, avoids the cost of importing raw rnateriaJ. r., and provides 
a source of employ^-nt, 

-• if t.ir..-irr-: ar, ir-ut. in'.o an incre^i'i^ world denum: for raw materialr , 
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c. it contributes to world economic and political stability 
ensuring additional future supplies of vital raw materials. 

2. Applications of Nuclear Techniques in the Minerals Industries 

Applications of nuclear techniques are widespread and the techniques 
themselves are diverse. In some industries the use of nucleonic equipment 
is an integral part of established operations; so much that without this 
equipment the industry would be severely handicapped, if not crippled. 
This is the situation in coal, oil, and uranium exploration and in oil 
well production control. The situation is not quite so dramatic in mining 
of metalliferous and non-metalliferous minerals but nevertheless there are 
some highly important and well-established applications. Important examples 
include borehole logging and rapid core analysis for tin, borehole logging 
for fluorspan, control of mining machinery in potash mining, ash monitoring 
in coal preparation plants and process control throughout the metalliferous 
minerals industry. 

The particular characteristics cf nuclear techniques (penetration and 
elemental specificity) are fundamental to analytical requirements at all 
stages of the mining industry, so that intensive research programmes are 
now being devoted to the further development of these techniques in a number 
of countries. 

The present success in developing techniques and equipment and the 
consequent increase in applications has resulted from the introduction of 
Monte-Carlo computer techniques to simulate accurately extremely formidable 
exponential programmes and thereby to give a better understanding of radiation 
interaction processes in natural materials; from the introduction of fast 
electronics, from the use of integrated circuit technology and micro
computers and from the availability of high resolution solid-state de
tectors . 

a* Uranium 

The most important applications occur in the exploration phase and 
measurement of natural y-radiation in crucial air-borne surveying, in ground 
exploration and in borehole logging. A wide variety of instruments 
indicating either total radioactivity or the uranium, thorium, potassium 
contents are now available. However, all of these assume that uranium is in 
secular equilibrium with its daughter products and this is not always the case. 
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When there is disequilibrium, concentration of the uranium element must be 
measured directly and several techniques are being used to do this. 
The most important are Energy Dispressive x-ray Fluorescence analysis and measure
ment of prompt and delayed neutrons from induced fissions in J. 

Most uranium ore-bodies which manifest themselves at the earth's surface, 
and which are in accessible parts of the world, are now believed to have 
been discovered so that a focus of attention in uranium exploration is now on 
buried deposits. Measurement of ground gas concentrations (i.e. of Radon 
and Helium from the ei-decay of Rn) is an important technique in this 
type of study. The recent introduction of simple equipment based on 
A, -sensitive emulsions into U-exploration programme has been a significant 
advance. 

It is difficult toqoantify the economic value of recent technological 
developments in this area. But it is a fact that new uranium deposits have 
been discovered only by using radiation survey equipment and that estimates 
of disequilibrium ratios is vital to an accurate assessment of ore reserves 
in those areas where secondary uranium deposits prevail. 

b. Coal 
The identification of seam thickness, presence of dirt bonds and formation 

correlation are important factors in coal exploration now derived by borehole 
logging using naturalt and V-f scattering techniques. In some situation* 
ash content is also obtained. 

Measurement of ash content in coal preparation plants by low energy 
( 15 kev) or higher energy (60 kev) y-scattering methods is now classic and 
equipment using these techniques is in widespread use. Recently equipment 
has been developed to measure ash content in coal in tailing streams and as an 
initial and continuous indicator of the efficiency of a coal preparation plant. 

The future for applying nuclear techniques in the coal industry is 
bright and substantial development programmes are no*, --ll advanced in several 
industrialised countries. Most are based on neutron techniques and are aimed at 
giving a total multi-element analysis of coal from which economic parameters, 
such as ash content and calorific value can be derived. Applications occur 
in borehole logging, but principally they are to be found in on-line control 
at coal preparation and \lending plants, especially in the input feed 
to conventional boilers, and to the new generation of fluidised bed combustion 
chambers. The SEW- '. echniiues also have important .-ipplication in monitoring 
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the quality of coke in the input feed to a blast furnace* 
The economic benefits from the application of nuclear techniques 

presently in use in the coal industry are substantial but, as far as is 
known, they have never been systematically and universally quantified. In 
some cases nuclear methods of analysis are preferred to alternative labora
tory techniques. In other cases, especially for on-line control, they provide 
the only means of obtaining the required information. This will certainly be 
the case when fluidised bed combustion chambers come into widespread use 
as these units are more sensitive to the quality of the input feed stock. 

c Oii 
Borehole logging based on *--ray scattering and neutron scattering and 

absorption is a vital part of oil exploration. It is the principal method 
of assessing formation density; which in turn is the most important single 
parameter in assessing the viability and capacity of an oil reservoir. 
In the production phase oil veils are lined with a steel tube and the 
liner is cemented to the formation. Once this has been done nuclear techniques 
are the only ones which can give specific information on the quality of the 
formation, and particularly on the movement of the oil/water interface which is 
vital to the correct management of a well. Present developments are based on 
obtaining a more accurate and rapid interpretation of logging data 
and an improving and extending the range of data which is derived. 
In this respect the use of high resolution solid-state detectors 
and computer techniques for analyzing spectra are important. 
The current concern with enhancing oil recovery by using secondary 
injection methods is of prime importance in increasing oil reserves in 
known reservoirs, Nuclear techniques are playing an important role in this 
respact which is likely to increase significantly as new ideas are put into 
operational use. Borehole logging appears to be the only route by which accurate 
operational data on their efficacy can be derived. 

The development of neutron techniques,in particular, for oil well logging 
is difficult, yet the techniques have much to offer. As often applied in the 
minerals field, generally the break-through has been in the introduction of 
sophisticated Monte-Carlo programmes. 

The economic value of nuclear techniques can be Judged from the fact 
that of all logs run in exploration wells, over UO percent are nuclear. Nuclear 
logs, especially neutron-die-away logs, are essential to good well management. 
In general, nuclear logging techniques are almost as intrinsic a part of oil 
exploration and reservoir engineering as is well drilling. 
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d. Metalliferous minerals 

Energy Dispensive X-ray Fluorescence (EDXRF) equipment has found wide 
application in exploration, mining, and process control for tin, titanium, 
vanadium, chronium, manganese, iron, cobalt, nickel, copper, zinc, 
molybdenum, silver, tantalum, tungsten, gold, and lead. For measurement 
of the concentrations of samples in the field,in the mine and in the 
process plants,limits of detection with EDXRF equipment are well below 
the economic limits for all elements except gold. Even for gold, a low 
limit of -3 ppm, claimed for a portable instrument used on the working 
face of amine, has some useful applications. 

Although a wide range of applications have been described, and 
there are many examples of on-stream (and by-line) applications, probably 
the most important single element for which the techniques have been 
developed is tin. This is certainly true in borehole logging when 
accurate analysis of ore bodies for elements with atomic number <£ ho 

is very difficult except in dry hole conditions. For measuring the concen
tration of elementr of low atomic number, and for iiieasuring the concen
trations of gold in the ppm range, neutron techniques are being developed 
with some success. Economic recoveries are significant and likely to 
become substantially greater as the pressure on finding and developing 
mineral resources intensifies. 

e. Non-metalliferous minerals 

Minerals such as potash, limestone, fluospar, salt, gypsum, sulphur, 
sand, and gravel are characterised by a relatively low unit value and hence 
do not easily attract high technology equipment. Nonetheless, there are 
important applications of nuclear tehcniques in the fluospar (neutron), 
potash ( naturaly), sulphur and gypsum (f-v) industries. A special 
application is in the delineation of off-shore placer deposits, such as 
monazite sands and other heavy minerals which concentrate radioactivity. 
Such off-shore deposits can now be readily surveyed by using the recently 
developed towed naturaly spectrometers incorporating either scintillation 
counters or high-resolution solid-state detectors. 
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3- Nuclear Technology Applied to the Minerals Industries in the RCA Region 

An indication of the relative importance of the mining industries 
in the different countries in the Region is given in Table I. It is evident 
that five of the countries (India, Philippines, Malaysia, Indonesia, and 
Thailand) are rich in mineral wealth and there appears to be real prospect 
for substantial further commercial exploitation. In particular, from informa
tion available, it appears that the total mineralisation in the Philippines 
is as yet untapped. In contrast, Malaysia, Indonesia, and Thailand are to
gether currently responsible for substantially more th?.n half of the world's 
total output of tin. In addition, each of these countries has substatial 
additional deposits of other minerals. Apart from having very large coal 
and iron reserves, India appears to be the only developing country in the Region 
with discovered uranium mineralisation. A very substantial effort is currently 
being applied by the Indian Geological Survey to the accurate assessment of 
identified deposits and to a further search for uranium. Several other important 
minerals (see Table I) have strong occurences in India. 

There is no doubt that substantial economic benefits will result from 
the introduction of equipment based on nuclear techniques in each one of 
this group of five countries. Apart from this group of five, Pakistan has 
important, although relatively small, mineral resources and Bangladesh has 
important coal reserves. The Republic of Korea mines small quantities of gold, 
lead, zinc, and iron. Sri Lanka has an off-shore mineral deposit and Singapore 
has no known mineralisation. Wherever mineralisation exists the chance of 
obtaining economic benefit from the application of nuclear techniques is 
high, but the type of technology and the methods of introduction need care
ful consideration especially when the mines are small and have little advanced 
technology. 

The particular equipment which would be of most benefit varies according 
to the mineral but the brief contents given below indicates some approaches 
which might be made and the organisation which would be required. 

a. Tin 
Energy dispensive XRF equipment is already established for measurements 

of tin content during exploration and processing- Very substantial savings 
in time and money should be possible by introducing the right equipment into 
the tin mines in Malaysia, Indonesia and Thailand. Improvement in the per
formance of concentrators should also be possible by using the same equipment 
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tuned to elements such as Ti, Ta, W, Nb, Co, Zr, and Th. A comprehensive 
survey of the value of introducing EDXRF equipment into the alluvial tin 
mining industry has been prepared by Clayton and the report is included as 
a reference to this Working Group Activity. 

Apart from EDXRF techniques, substantial benefits should also accrue 
from introducing jf-ray density gauges onto the gravel pump output pipes. 
A significant proportion of Malaysian tin is obtained by gravel pump mining. 
An improvement in solids content of a few per cent (made possible by 
continuous monitoring of solids density) would result in a substantial increase 
in value of tin produced. 

Since the SEATRAD Centre in Ipoh is already established, it seems 
logical to centralise the expertise and equipment required to transfer the 
technology to industry in the Centre. The preferred strategy for carrying 
this out are indicated below in Section U. 

b. Coal 
Important, large coal deposits occur in India, Indonesia, Bangladesh, 

Pakistan, and Thailand. Equipment based on low energy x-ray scatter is available 
to measure ash content of coal. This nucleonic system could be introduced into 
most, if not all of these countries with substantial economic benefit. 

The preferred country in the Region to manage a Field Applications-demonstration 
activity is India with technical control under the supervision of the Bhabha Atomic 
Research Centre, Bombay. If further assistance, in data interpretation for example, 
were required, this would be supplied by the Australian Atomic Energy Authority. 

The present focus of development in the industrialised countries with 
a future coal economy (USA, Canada, Australia, South Africa,United Kingdom for example) 
is on the use of neutron techniques to achieve a total analysis of the principal 
elements in coal and from this to derive ash content and calorific value. Apart 
from presenting a more rapid analysis (including calorific value) than is 
possible using x-ray scatter techniques, equipment based on neutron interactions 
has the benefit of greater penetration, more independence of top-size and 
application to the main coal conveyor belts at a mine or at a power station, 
for example. Operational equipment is now available in the USA and United 
Kingdom and it is recommended that such a system be set up alongside the x-ray 
equipment. This would then constitute a powerful demonstration for the benefit 
of all coal producing (and coal using) countries in the Region. 

Note l) Clayton, C.G. : Report on visit to S.E. Asia Tin Research an'' Development Centre, 
Ipoh, Malaysia, June 1979- Harwell Commercial Report G15lk proposed for Ministry 
of Overseas Development, London, on behalf of U.N. Economic and Social Commission 
for Asia and the Pacific, Bangkok. 
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c. Uranium 

The only known occurrence of uranium in the Region is in India and 
Indonesia and it is recommended that further support be Riven to the Indian 
Geological Survey in Hyderabad as a Regional Centre of expertise. 

d. Oil 

Reserves of oil occur in India, Indonesia, and Malaysia. Generally, oil 
exploration is carried out by the major international oil companies supported 
by a variety of oil well service companies. Oil well logging is a vital 
component in any exploration programme and is also important in production 
control. 

The role of specialist government departments in countries where oil 
exploration is carried out is to monitor and provide an independent inter
pretation of log data. It is obviously an advantage to be abreast of modern 
developments and to be adequately equipped in the technology to request 
particular logs to be carried out. 

One way a country can acquire the necessary experience in lo* analvsis 
is to employ one-time log analysts of the oil and service loe^in*' companies. 
However, this resolves only part of the problem and does not *ive coverage of the 
whole area of technology. 

Fortunately not only developing countries have found themselves 
controlling oil reservoirs without the Regional in-borne expertise. The 
United Kingdom is one such country and some of the expertise now developed for 
reservoir modelling based on advanced computer techniques, log analysis 
(also based on computural studies) and logging equipment development is 
available for use of developing countries. It is strongly recommended that 
consultency arrangements b*» initiated to feed into those countries in the 
Region with oil resources, expertise which would give virtually total under
standing of the data available and of the techniques used on their behalf. It 
is also recommended that BARC, became the Centre of Expertise in this 
programme. 

e. Metalliferous minerals - gold, copper, lead, zinc, silver, manganese, 
iron, chromium, titanium, aluminium, mercury 
Of the ten countries in the Region only Bangladesh, Sri Lanka, and 

Singapore have no indicated commercial interest in mining these metals. 
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Of the nuclear techniques avai lable for analysing these elements, 
EDXRF is universal ly appl icable {except for gold) for sample analys is at 
the exploration s tage. EDXRF borehole logging equipment i s being successfully 
used for copper, lead , and zinc ana lys is . The same equipment can generally be 
used more successfully at the mine evaluation and process control stages since 
required l imi ts of detect ion are usual ly subs tan t i a l ly higher than a t ex
p lora t ion . 

Gamma-ray level and density gauges a r e commonly used in mineral 
processing p lan t s and e f f i c i en t operation i s not possible without the 
use of t h i s type of equipment. 

Equipment based on neutron in te rac t ion techniques are being developed 
for analysing a l l elements except lead and successful appl icat ions have 
been reported for copper (borehole logging and on- l ine) and for i ron and 
aluminium (on - l i ne ) . Techniques for analysing gold a t 0.2 ppm. are almost 
complete. However, there seems to be no reason why neutron techniques cannot 
be extended to a l l the elements. 

I t i s recommended tha t a Regional Centre for analys is of a l l metal l i ferous 
minerals be set up in the Phil ippines at t he Phi l ippine Atomic Energy Commission, 
Quezon City . Suitable support for some of the techniques i s ava i lab le for 
AAEC at Lucas Heights. However, to obtain high accuracy from the use of 
neutron methods design andcal ibrat ion by using Monte-Carlo computations 
i s essen t ia l . This service along with l a t e s t instrument design technology 
i s only avai lable at AERE-Harwell in the U.K. 

f. Non-metalliferous minerals 

The only commercial important minerals t o which nuclear techniques can 
be s t rongly recommended are f l u o r i t e , potash, and phosphates. I t i s 
suggested, t he re fo re , t h a t t he development of techniques for analysing 
these minerals ije centred in the Phil ippines along with the metal l i ferous 
minerals programme. 

Access t o Towed-Seabed Speedimeter equipment to del ineate submarine 
plscer" deposits i s a special case and a demonstration by India or by 
Sri Lanka would be valuable The required equipment can be leased or rented 
from the U.K. Atomic Energy Research Establishment, Harwell, England. 
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h. Programme for Technology Transfer 

The general strategy for transfering the required technology is to 
train appropriate staff from the Region at an appropriate Centre of Excellence. 
This training should be coupled with the acquisition of plant and field 
operational equipment for use in the Field Applications-Demonstration activity 
associated with minerals exploration, mining and processing. The 
Field Application and Demonstration is recommended for a minimum period 
of 3 weeks. However, these activities should be specifically designed around 
local conditions at the time such work is planned. The type of training 
envisioned should permit development of a sufficient knowledge of nucleonic 
methods for assuming major responsibility for training selected colleagues 
locally as well as supervising and monitoring "in country" activities. 

5. Sub-Project Plan and Budget 

a. Sub-Project Plan 
This Sub-Project recognizes the strategic importance of energy and mineral 

resources to the economic ba. ice and stability of all countries, developed or 
developing and the requirement for using the most modern technologies for their 
exploration, recovery and processing. Accordingly, technology transfer activities 
over the 5 year term cf this Sub-Project will be directed to increasing Regional 
capability for an enlarged use of nucleonic methods for these purposes. Special 
training, field application and demonstrations of nucleonic technology will focus on 
coal, oil, gas, tin, metalliferous and non-metalliferous minerals, all of which 
are importantly placed within the Region. Uranium is not included due to limits 
of knonn availability in developing countries. 

Technology tranfer Centres, using existing national institutions and 
capabilities will form the required network for this purpose as follows: 

i. The Australian Atomic Energy Research Authority, Lucas Heights, Australia 
will be the Centre for three training courses of four weeks duration 
during the 5 year term of the Sub-Project. The training courses will 
provide a working knowledge and capability in basic nucleonics, in the 
design, technical specifications, and operating characteristic of 
systems used for exploration, recovery and processing of minerals, 

ii. The Bhabha Atomic Research Centre, Bombay, India, in co-operation with 
the India Institute of Petroleum, Delhi, Oil and Natural Gas Corporation, 
Dehradum, India, Coal India Ltd., Dhanbad Fuel Research Institute, 
Dahnbad, India, and the Geophysical Research Institute, Hyderabad, 
India, will provide a network of national institutions for Regional 



Demonstration •HI i Fi>'t'i Applications of nucleonics technology for 
bonif icat ion of n't,] r nnerrj resources , coa l , o i l , and gas. A working 
knowledge of t-• unoiofy for nuclear well logging, mineral grading and 
con t ro l , system for aah, moisture and energy content of coal, and 
on-.-;t ream mineral analysis wi 1.1 be developed through on-the-job training 
in the f ield and in plant operat ions . These Field-Demonstration a c t i v i 
t ies d i rec t ly couple with the base training planned at the Australian 
Atomic Energy Hesenrvh Authority. Longer term training in the applied 
aspects "'f nuclear techniques in exploration and recovery of coal and 
oil wi l l be provided through fellowships under a collaborative arrange
ment with the United Kingdom Atomic Energy Authority, Harwell, England. 

i i i . In the case of t in mining and processing, advantage wi .1 be taken of 
the expertise, equipment and f a c i l i t i e s now in place under the UNDP 
Project, Southeast Asia Tin Research and Development Centre (SEATRAD) and 
the Mines Research Inst i tute of Malaysia, Ipoh, Malaysia. Special 
training including Field Applications and Demonstration wi l l provide 
practical knowledge in the use of nucleonic systems for increasing 
f ie ld dr i l l ing operations and sample analyses, determination of density 
of feed to concentrations from mining operations, increasing safety 
practices through in - s i tu borehole logging for density determinations 
and an expanded capability for more c r i t i c a l evaluation of t in deposit, 
concentration and reconcentration of ore. 

i v . The Philippine Atomic Energy Commission in co-operation with national 
ins t i tutes and industrial companies wi l l provide a nucleus for Regional 
training, f i e ld applications and demonstrations associated with finding, 
extracting and processing of raw material. The Philippines i s selected 
as a Regional Centre for technology transfer work because of large 
deposits of both metalliferous and non-metalliferous minerals and the 
fact that the country i s one of the world 's f as tes t growing productive 
sec tors . Over the 5 year term of t h i s Sub-Project three 1 month training 
courses and field-demonstration a c t i v i t i e s are planned. Emphasis w i l l 
be given to use of nucleonic systems for exploration, mining and p ro
cessing for metal l i ferous and non-metalliferous minerals of greatest 
s t r a t e g i c and economic value. 
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b. Sub-Project Budget 

Government Inputs 
a. Provision of salaries of counterpart s ta f f adequate to meet the requirements 

of the Sub-Project in each country 
b. Provision of a l l physical f a c i l i t i e s for training courses, demonstration-

workshops and local expert services 
c. Provision of travel expenses within the country for participants, experts 

and country counterparts 
d. Co-ordinate country plans and scheduling of the training-workshop-demons

trations and expert services . 

i . Three Advanced Training Courses on Huclear Techniques in the 
Minerals Industry 
Government of Australia $255,000 
Other Governments $ 30,000 

i i . Field Applications and Demonstrations - Coal, Oil , and Gas 
Government of India $ 60,000 
Other Governments $ 15,000 

i i i . Field Applications and Demonstrations - Tin 
Government of Malaysia $ 60,000 
Other Governments $ 10,500 

iv . Field Applications and Demonstrations - Metalliferous 
and Non-Metalliferous Minerals 
Government fo the Philippines $ 60,000 
Other Governments $ 28,500 

Total Estimated Government Input $519,000 

UNDP Input 

Equipment $ 691* ,000 
Experts (23 m/m) $ 169,100 
Group Training (96 m/m) $ 197,^00 

Total Estimated UNDP Input $1,060,500 
Total Estimated Sub-Project Cost $1,579,500 
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TABLE I 

Summary of Mineralisation and Mining 

in RCA Countries 

Bangladesh Generally poor in mineral resources except natural gas. 
Major coal reserves recently discovered. Industrial 
minerals include limestone, china clay, glass sand. 

India Large coal and iron deposits. Also deposits of uranium, 
gold, copper, lead, zinc, illumenite, bauxite, chromite, 
oil. Industrial minerals include china clay, gypsum, 
magnesite, and salt. Off-shore deposits of monazite 
sands are being worked. 

Substantial deposits of oil, bauxite, coal, tin, and 
nickel. There are also small but significant deposits 
of gold, silver, manganese, phosphates, sulphur, and 
uranium. 
Little mineralisation. There are small but significant 
deposits of gold, lead, zinc, and iron. Very small amounts 
of copper are mined. 

Malaysia Mineralisation dominated by tin (Malaysia produced half 
total world output) and associated minerals such as 
ilmenite, zircon, monazite, strurerite, and xenotime. 
Malaysia also has important oil and bauxite deposits. 
Gold is also mined and there is a copper mine in East 
Malaysia. 

Pakistan Not mineral rich but resources include coal (reserves 
500m tons), oil, gas, iron, chromite gypsum, limestone, 
silica sand, and salt. Recent surveys also indicate 
probable commercial deposits of copper, manganese, 
bauxite, and phosphate. Currently, only important mineral 
export is chromite. 

Indonesia 

Republic of Korea 
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Mining has been the fastest growing productive sector 
in recent years. In 1973 there were 27 companies engaged 
in mining metalliferous minerals and 67 companies en
gaged in mining non-metalliferous minerals. Of the metal 
mining companies, 11 were in copper mining, 5 in manganese 
and mercury, 5 in gold and silver, U in iron ore and 
2 in chronite. The annual rate of extraction is less 
than l.h% of known mineral reserves. Less than lOjt of the 
land area has been surveyed and some of the richest de
posits are not yet exploited. 

Singapore has no significant indigenous mineralisation. 

The mining industry is almost entirely focussed on gem-
stones and this industry is not known to offer any 
significant application for radiation techniques. There 
are no significant land-based mineral deposits but active 
exploration is taking place. Off-shore deposits of placer 
minerals have been located. 

There is significant mineralisation. Thailand is a leading 
producer of Sn. There are also important deposits of 
coal (lignite), iron, manganese, and fluorite. Small 
deposits of tungsten and lead are worked. 
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ATTACHMENT 1 

LIST OF 

CONSULTANTS TO THE UNDP PREPARATORY ASSISTANCE WORKING GROUP MEETING, 

17-18 NOVEMBER 1980, VIENNA, AUSTRIA 

Dr. Colin Clayton 
Harwell Applied Nuclear Geophysics Group 
Building 7, AERE Harwell 
Oxfordshire 
0X11 ORA England 

Dr. V.K. Iya 
D i r e c t o r , Isotope Group 
Bhabha Atomic Research Centre 
Trombay, Bombay 1*00 085 
India 

PARTICIPANTS FOR IAEA CONSULTANTS' MEETING 

ON 

AUTOMATED NUCLEONICS SYSTEMS FOR PROCESS CONTROL 

PURPOSES IN THE MINERAL INDUSTRY 

22-26 OCTOBER 1979 

Mr. E.E. Fowler 
RCA Co-ordinator 
IAEA, Vienna 
Austria 

Mr. John Watt 
Australian Atomic Energy Comission 
C/0 Private Bag 
Sutherland NSW 2232 
Australia 

Mr. Hohn R. Rhodes 
Manager, Applied Research Division 
11950 Jollyuilie Road, P.O. Box 9908 
Austin, Texas 78766 

i t * / * 



Mr. H. Hussin * 
Acting Director 
Mines Research Institute 
(Department of Mines, Ministry of 

Primary Industries), 
Tiger Lane, Ipoh, Perak 
Malaysia 

Mr. Razali Hamzah * 
Research Officer, 
Tun Ismail Atomic Research Centre 
Malaysia 

Mr. Chew Seng Choon * 
Assistant Secretary 
(Nuclear Biergy) Ministry of Science, 
Technology and the Environment 

Mr. Moo Siew Pheng * 
Senior Research Officer 
Tun Ismail Atomic Research Centre, Malaysi 
lUth Floor, Oriental Plaza 
Jalan Parry, Kuala Lumpur 

Mr. Abdullah Hasbi * 
Director, Southeast Asia Tin Research 

and Development Centre (SEATRAD) 
lU, Tiger Lane, Ipoh, Perak, 
Malaysia 

Mr. Payome Aranyakanon * 
Director of Econ. Geology Division 
Department of Mineral Resources 
Thailand. 

Mr. Khor Peng Seong * 
Research Officer, Mines Research 
Institute (Department of Mines, 
Ministry of Primary Industries) 
Tiger Lane, Ipoh, Perak 
Malaysia 

Mr. EE Chong Sen * 
Chief Chemist 
Straits Trading Co.Ltd. 
27, Jalan Pantai 
Butterworth,Malaysia 

Mr. B. Ismail * 
Geologist SEATRAD 

Mr. Ali Fahruddin* 
Mineral Process Engineer, SEATRAD 

Mr. Huub Van Wees # 

Geologist SEATRAD (UN) 
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Mr. Cristian ooux * 
Mineralogist SEATPAD 

Mr. Robert Kern * 
Geologist SEATRAD 

Mr. Vincent Phoon * 
Senior Mineral Engineer 
Osborne and Chappel 
Jalan Sultan Yussuf, Ipoh 
Perak, Malaysia 

Mr. Long Jin Seng * 
R and D Manager, B.E.H. Minerals SDN.BHD., 
Batu U-j-, Jalan Lahat 
Ipoh, Perak, Malaysia 

Mr. Lai Kim Fun * 
Mill Manager 
Pahang Consolidated Corp. 
Ltd., SG. Lembing 

Mr. Yee Kok Cheong * 
Physicist 
Datuk Keramat Smelting 
73, Jalan Datuk Keramat 
Penang 

Mr. Chan Poo Kee * 
Mining Engineer 
K.K. Lim and Associates 
27C, Jalan T iale , Ipoh, 
Perak, Malaysia 

Mr. Peter Wong * 
Work Manager, Bradken Malaysia 
Batu 6rr Jalan Lahat 
Papan, Perak, Malaysia 

Mr. «h=ad Faul « 
N.D.T. Inspector 
Bradken, Malaysia 

Mr. S. Senathi Rajah * 
Principal Geologist 
Geological Survey of Malaysia 
Tiger Lane, Ipoh, Perak 
Malaysia 

Mr. Lee Kim Hock * 
Chemist, Geological Survey of Malaysia 
Tiger Lane, Ipoh, Perak 

Mr. Dzulkarana in B.HJ. 
Kamaruzzaman * 

Research Engineer, Mines 
Research Institute of Malaysia 
(Dep. of Mines, Ministry of 
Primary Industries), Tiger Lane, 
Ipoh, Perak, Malaysia 

Mr. Ong Tiam Hoe * 
Research Officer 
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ATTACHMENT 2 

SUMMARY REPORT 

CONSULTANTS' MEETING 

ON 

AUTOMATED NUCLEONICS SYSTEMS FOR PROCESS CONTROL 
PURPOSES IN THE MlHERAt INDUSTRY " 

22-26 OCTOBER 1979 

MINES RESEARCH INSTITUTE OF MALAYSIA 
IPOH, MALAYSIA 

An IAEA Consultants' Meeting was held on 22-26 
October 1379 at the Malaysian Mines Research 
Institute Ipoh, Malaysia with the Government of 
Malaysia serving as host. A list of participants 
to the meeting is attached as Appendix 1. 

Or. H. Hussir, Director, Malaysian Mines Research 
Institute welcomed the participants to the 
meeting and a copy of his remarks is attached as 
Appendix 2. 

The Honourable Da to' Paul Leong Khee Seong, 
Minister of Primary Industry Government of 
Malaysia formally opened the meeting and his 
speech is attached as Appendix 3. 

Following the opening ceremony, the IAEA Secretariat 
designated Dr. H. Hussin Chairmn of the meeting. Th* 
Secretariat was assisted by Razali Hanzah, Ministry of Science, 
Technology and the Environment. 
Chairman Hussin formally opened the business 
meeting with a presentation of background and 
purpose and called for acceptance of the provisional 
Agenda which followed. 
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Agenda Item I: 

Review and discussion of the UNDP proposal for a Regional 
RCA Project for Asia and the Pacific on Industrial 
Application of Isotopes and Radiation Technology 

6. The status of the UNDP proposal was presented by the 
IAEA Representative to the meeting (Reference Appendix 

Agenda Item 2; 

Review by IAEA Experts of the Use of Nucleonics Technology 
In the Minerals Industries 

Mr. John Rhodes, United States and Dr. John Watt, Australia 
described the current development and applications of 
nuclear analytical techniques in the minerals industry. 
Specific attention was given to technologies associated with 
exploration, mining and processing. Commercially available 
Intrumentation now in regular use for these purposes was 
described with information given on design, operational 
characteristic and costs. Published papers by Mr. Rhodes 
and Dr. Watt relevant to the area under discussion were 
distributed to meeting participants and are identified in 
Appendix 5. 

Agenda item 3: 

Tours of Malaysian Minerals industries Plants, the Mines 
Research Institute of Malay;ia, and the SEATRAD Centre" 

Fact finding visits were made by the IAEA experts to 
minerals industries plants and Government institutes to 
collect data and information essential to designing a 
programme leading to acceptance of nuclear analytical 
technology by such regional industries. The field tours 



provided an opportunity for the experts to observe first 
hand, mineral industry operation from borehole togging to 
separation plants producing high grade ore concentrates. 
The itinerary for the field visits is attached as 
Appendix 6 along with background data and information 
supplied by selected companies. 

Agenda Item k: 

Preparation and Presentation of Final Meeting Report 

The recommendations of the IAEA experts were presented 
to the meeting and are attached as Appendix 7. The IAEA 
Secretariat advised that the report will be formally 
submitted to Member States upon final acceptance by the 
Agency. 
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NAMES OF PARTICIPANTS FOR I.A.E.A. CONSULTANTS MEETING 

2. JOHN WATT 

3. JOHN R. RHODES 

k. DR.H. HUSSIN 

5. RAZALI HAMZAH 

6. CHEW SENG CHOON 

7. 

8. 

DR. MOO SIEW 
PHENG 

DR.ABDULLAH 
HASBI 

9. DR.PAYOME 
ARANYAKANON 

10. KHOR PENG SEONG 

ORGANIZATION 
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KARNTNER RING II 
P.O. BOX 590, Al1011 
VIENNA, AUSTRIA 

AUSTRALIAN ATOMIC ENERGY 
COMMISSION 
C/O PRIVATE BAG 
SUTHERLAND NSW 2232 
AUSTRALIA 

MANAGER, APPLIED RESEARCH 
DIVISION, 11950 
.JOLLYUILIE ROAO, P.O. BOX 
9908. AUSTIN, TEXAS 78766 

ACTING DIRECTOR 
MINES RESEARCH INSTITUTE 
(DEPARTMENT OF MINES, 
MINISTRY OF PRIMARY 
INDUSTRIES), TIGER LANE, 
IPOH, PERAK, MALAYSIA. 

RESEARCH OFFICER, TUN 
ISMAIL ATOMIC RESEARCH 
CENTRE, MALAYSIA 

DESIGNATION 

RCA COORDINATOR 
SCIENTIFIC SECRETARY 
TO THE MEETING 

IAEA CONSULTANT 

IAEA CONSULTANT 

CHAIRMAN OF MEETING 

ASSISTANT SECRETARY 
(NUCLEAR ENERGY) MINISTRY 
OF SCIENCE, TECHNOLOGY 
AND THE ENVIRONMENT 

SENIOR RESEARCH OFFICER 
TUN ISMAIL ATOMIC 
RESEARCH CENTRE, MALAYSIA, 
1VTH FLOOR, ORIENTAL PLAZA, 
JALAN PARRY, KUALA LUMPUR. 

DIRECTOR 
SOUTHEAST ASIA TIN 
RESEARCH AND DEVELOPMENT 
CENTRE (SEATRAO) l<», TIGER 
LANE, IPOH, PERAK,MALAYSIA. 

DIRECTOR OF ECON.GEOLOGY 
DIVISION, DEPARTMENT OF 
MINERAL RESOURCES, THAILAND. 

RESEARCH OFFICER 
MINES RESEARCH INSTITUTE 
(DEPARTMENT OF MINES, 
MINISTRY OF PRIMARY 
INDUSTRIES), TIGER LANE, 
IPOH, PERAK, MALAYSIA. 

REPRESENTATIVE OF 
MINISTRY OF SCIENCE, 
TECHNOLOGY S THE 
ENVIRONMENT AND 
ASSISTANT SECRETARY 
TO MEETING. 

REPRESENTATIVE OF 
MINISTRY OF SCIENCE, 
TECHNOLOGY t THE 
ENVIRONMENT. 

CONTRIBUTING 
PARTICIPANT 

ORGANISING SECRETARY 
TO MEETING 
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NAME ORGANIZATION DESIGNATION 

11. DR. EE CHONG SEN CHIEF CHEMIST 
STRAITS TRADING CO.LTD. 
27, JALAN PANTAI, 
BUTTERWORTH, MALAYSIA. 

CONTRIBUTING 
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ENGINEER, 
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GEOLOGIST, 
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RESEARCH OFFICER. 
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Ucapan Dr. H. Hussin, Penqeruri Jawatankuasa 
Pengelola semasa Peresmian Per"ukaan Mesyuarat 
Pakar-Pakar 'International Atomic Energy Agency* 
(IAEA) di Institut Penyelidikan Galian Malaysia, 
pada 22 hingga 26hb. Oktober, 1979 

Yang Berhurmat Encik Abdul Rahim b. Datuk Tambi Chik, 

Setiaiisaha Parlimen, Kementerian Perushaan Utama, 

dt f-di f dan tetamu-tetamu utama yang dihurmati, yang 

berbahagia ketua jabatan, institusi dan ajensi kerajaan, 

para Pakar-Pakar Perunding International Atomic Energy 

Agency, ahli-ehli Jawatankuasa Pengelola, dan yang 

dihurmati tuan-tuan dan puan-puan para hadirIn. 

Pada awalnya Yang Berhurmat Dato1 Paul Leong Knee Seong, 

Renterf Perusahaan Utama telah menyatakan beliau sudl 

untuk hadir di upacara ini dan seterusnya untuk meresmikan 

pembukaan mesyuarat pakar-pakar perunding International 

Atomic Energy Agency yang bermula hari ini. Oleh sebab 

tugas-tugas betiau yang tidak dapat dielakan dan yang 

perlu dijalankan pada pagi harf ini juga, dl Kuala Lumpur, 

Yang Berhurmat Encik Abdul Rahim b. Datuk Tambl Chik, 

Setlausaha Parlimen, Kementerian Perusahaan Utama, telah 

datsng untuk meraikan upacara hari ini dan seterusnya 

membuka resini mesyuarat pakar-pakar IAEA. 



r 
Bagi pihak Jawatankuasa pengelola, saya mengucapkan 

sufcacita dan terimakasih atas sudinya Yang Berhurmat 

Encik Abdul Rehire dapat melapangkan masa ke upacara 

hari ini. 

(Curiculum vitae of Encik Abdul Rahim). 

Pakar-pakar perunding IAEA dalam teknologi yang ada 

kaitan dengan perindustrian mineral, akan bermula 

bermesyuarat hari pagi ini. Mesyuarat seperti ini 

ialah pertama kalinya akan diadakan di Nalaysia. 

Tujuan mesyuarat pakar-pakar tersebut ialah untuk 

neninjau dan mengkaji apakah alat-alat dan teknik-

teknik nuklear dan radiasi yang dapat digunakan da1am 

perindustrian mineral di Malaysia, dan juga di negara~ 

negara jiran. Malaysia tetah khasnya dipilih menjadi 

tuanrumah mesyuarat antarabangsa ini kerana Malaysia 

adalah negara perlombongan tfmah yang utama di dunia. 

Oleh kerana pemilihan tempat mesyuarat adalah tepat, 

iaitu dl tengah-tengah lembah timah yang terbesar, 

saya percaya juiutera-jurutera dan teknologis*tekno1ogis 

yang dalam pengalamannya akan dapat memberi buah fikiran 

kepada pakar-pakar yang datang bermesyuarat hari ini, 

Dengan cara itu teknologi baru akan dapat diperolehi oleh 

Malaysia dan seterusnya disebarkan di sekitar Asia Tenggara. 
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Vang Berhurmat Encik Abdul Rahim, 

Ladies and Gentlemen. 

The meeting to be officially declared open today is 

concerned with the application of nucleonic radiation 

technology to the mineral industry covering the four 

displines: 

exploration, mining, mineral processing and metallurgy. 

The application of the said technology can be viewed 

from a number of schools of thought - some pessimistically, 

some optimistically, and probably a greater number not 

being able to accide as they are not familiar with the 

subject. 

One of these schools of thought believe that the neucieonic 

and radiation technology is applicable only for the giants. 

By this they mean that only large mining companies having 

large ore deposits can afford advanced techniques. Yet ft 

is the small mines with ores having marginal grade that are 

really in need of refined measurements to enhance the success 

of tf fr mineral exploitation. 
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A school of thought which also view pessimistical• 'he 

nucIconic and radiation technology believes that <> CM 

technology is too sophisticated and relevant only o 

developed nations. This school has the notion that 

anything sophisticated must be expensive, and tve./thiru; 

sophisticated cannot be used by developing countries. 

If this thesis is true, then one is forced to conclude 

that technology which is up to date must always be the 

property of developed countries only. Sophisticated 

technology is not distributable to developing nations. 
i 
! I 

Yang Berhurmat, 

Ladies and Gentlemen, 

Let us look into the more optimistic side of the story. 

Today we are fortunate to have a number of international 

consultants gathered together with a number of mineral 

J engineers and technologists who are familiar with the 

background of mineral industry in this part of the world. 

We hope they can look into a new approach where sophisticated 

technology need not be expensive, advanced technology need 

not be in the ownership solely by developed countries, 

and refined measurements should therefore be more needed 

for the small mines with marginal ground. 
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There Is no doubt now that Halavsla is contributing a 

great deal to world tin production via her small mines, 

more,often than not through ore deposits with marginal 

grades. 

Yang Berhurmat, 

Ladies and Gentlemen, 

If you permit me to speak on your behalf, let us wish 

these group of consultants, engineers and technologists 

greetings of welcome. May they find us some means of 

Improving the mineral technology In this part of the world. 

Based on rough estimate the monthly volume alluvium being 

mined and processed In palongs and Jigs in Malaysia Is not 

less than 30 million cubic meter. This is Indeed making 

Malaysia the biggest alluvial mining excavator and material 

processor In the world. 
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Vet More of ten than not the energy consumed during 

transport is less than 10 percent spent on actual 

solids conveyed because of hydraulic transport system. 

If the percent solids of slurry is less than 10 percent, 

every few percent of improvement in the control of 

solids content in gravel pump mines will be a boost to 

the economics of mining. It is in view of better control 

of percent solids in solids transport that one can start 

on the economics of the application of nucleonic and 

radiation technology. 

Besides for analytical purposes, the nucleonic and radiation 

.techniques are also applied to other purposes in the mineral 

industry. Among them are gamma-ray level indicator, belt 

weigher, moisture analyser, and slurry density meter. 
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Yang Berhurmat Encik Abdul Rahim, 

Tuan-tuan dan puan-puan, 

Persidangan yang bermula hari in? dapat berlangsung 

kerana usahasama dari beberapa badan dan agensi Kcrajaan 

yang telah menguruskannya dengan badan 'International 

Atomic Energy Agency1. 01 eh yang demikian saya bagi 

pihak Kementerian Perusahaan Utama mengucapkan tahniah 

dan terima kasih kepada Ah 1i-ah 1i Jawdtankuasa Pengelola 

yang terdiri daripada kakitangan-kokitangan Kementerian 

Sains, Teknologi dan Alam Sekitar, PUSPATI, SEATRAD 

Centre, dan kakitangan-kakitangan di bawah Kementerian 

saya sendiri, iaitu Jabatao Kajibumi dan Institut 

Penyelidikan Galian Malaysia. Kepada Pakar-pakar 

Perunding 'International Atomic Energy Agency' yang 

telah datang dan akan berusaha da 1am bc-berapa hari yang 

akan datang ini u.it-.* mencari teknologi baru ini, saya 

mengucapkan selamat datang, dan selamat da lam usaha 

aiencari cara-cara baru untuk mempebaiki perindustrian 

mineral, di negara Malaysia ini khasnya, dan juga di 

kawasan Asia Tenggara amnya. Oleh i tu der.jan sukacitanya 

saya mercsmikan pembukaan Persidangan Pakar-pakar Perunding 

'International Atomic Energy Agency' ini. 
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UCAPAH YB KENTERI PERUSAH.Y.,'; UTAT1A, DATO' LEONG KHEE SEDH6, 
SEKASA HEPESil&ttl PDBUKTŵ  PERSID.ViG.̂  PAKAR-PAIO.R 
PERUr* IKG ' ItiTERWJIOKAL ATO.JIC EKKGY ACEHCY' (MEA) 
DI INSTITIUT PEKYELIDIKVi ST.LIAII KILAYSIA, IPOK P;\tT- WJRI 

ISNIN, 22HB OKTOBER, 1979 JAi'i 9.30 PAGI 

Stsudah nandengar sedlkit-sebanyak penerangan yang dlkeaukakan 

oleh Pengerusi Jawatankuasa Pengelola Persid«ngan, yang nana akan 

berlangsung pada hari in i , saya enat tertaHk kepada suatu perhatian 

yang telah disebut dan yang patut dianbil, laitu betapa perlunya kita 

oempercekapkan kegunaan tenags, atau energy, yang digunckan untuk 

perlonbongan. Ini ialah kerana sebahagian besar daripada ongkos 

perloabongan ialah ongkos oinyak atau tenaga letrik, untuk meobawa 

bahan-bahan galian dari lubang-lubang loobona ke tenpat alat-alat 

pengaslngan mineral. Ada juga usaha teknikal dan saintifik dalan 

Industri perlontongan yang bersabit dengan metaperbaiki cara 

penghantar3n bahan galian melalui paip-paip, atau cara penganbilan 

galian dari bisri, keserauanya usaha-usaha dan langkah-langksh i tu: 

patutlah klta jalankan dengan segera sebelun terjadi "energy crunch" 

sepertl di nsgeri lain. Dengan adanya usaha mengadakan persidangan 

teknikal yang akan dladakan hari 1n1, maka Malaysia, yang mana juga 

sama dengan negara-negara yang .ain dalam usaha pembangunan, p?.tut1?.h 

nengkajl dan raenggunakan, dengan segera, teknologi-teknologi yang 

telah scdla ada di negara-negara yang maju. 

Ladles and Gentlemen, 

It 1s Indeed an honour for me to be able to address you on 

this occasion of the f irst meeting of the consultants appointed by 

The International Atomic energy Agency, specifically to undertake 

the study on the application of nuclear and radiation techniques 

1n the improvement of processing, and other technical opiraticn 1n 

mining. It 1s definitely agreed that the "time-lag" between the 

realization and identification of problems 1n mining Industry, the 

solutions to these problems and the transfer of new technology to 

the industry should be reduced. 



This Js true In Malaysia where land use is very critical. 

Once a mineralised area is considered to be uneconomical to nine v/ith 

old methods of wining and processing, that area may be lost for 

other development purposes like housing, factory sites and other 

more permanent structures. Whereas tnis same- area nay be economically 

mined by a new technique which has been discovered but not transferred 

to the industry. In this manner, the country loses the chance of 

exploiting the mineral resource. I t is therefore the job of experts 

and technologists to see that the best possible knowledge in science 

and engineering be applied quickly in the search and exploitation of 

mineral resources, particularly in potential areas with marginal values. 

I would like to express the Government's appreciation to the 

International Atomic Energy Agency for having chosen Malaysia as the 

host country for the meeting today. I would also like to convey my 

thanks to members of the consultants who are going to put a lot of 

effort in looking Into the possibility of modernising the mining 

Industry In this country. 

I t is the aim of the mining Industry to see that the ore is 

extracted efficiently with the lowest expense of energy obtained from 

fuel oil or electrical power. As the measurement of energy during 

mining with nucleonlc or radiation techniques can probably help the 

mining sector to utilise efficiently fuel oil or electrical power, 

then stringent measures must be undertaken to protect the people 

using the radioactive Isotopes. These radioactive Isotopes are 

hazardous to the user I f such precautions are not token. Sti l l 

on the subject of safety my Ministry Is very concerned about the 

safety of workers 1n mines and also of properties and other Interests 

1n and near mining areas. The Mines Department has recently 

carried out safety campaigns among mine owners, managers and wcrkers. 

They have also vrspirQcl posters on mines safety which were printed, 

with the cooperation of tha Publicity an J Uanageircnt Committer; ov tha 
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Tin Industry Research and Development Beard, and distributed to all 

mines. 

The Mines Research Institute is looking Into the development 

of advance warning system which will detect impending collapse or 

failure of mine faces. Besides all this, the Mines Research 

Institute has always carried out end is st i l l carrying out soil 

investigations to give a guide en the safe distances and slopes of 

mines faces from public ut i l i t ies , bufldings and other important 

interests. The I'incs Depertnent has also increased its field 

staff to enable more frequent inspection of mines in a further 

effort to reduce the accident rats in vines. 

Under the present Third Malaysia Plan, the Mines Research 

is undertaking 3 feasibility study for the setting up an experimental 

mine for the purpose of developing new technology on mining methods, 

mine safety, and mineral processing techniques for the mineral 

industry. 

Concerning soil mechanics engineering calculations for safety 

of ground, I hope the experts present can throw some light as to 

how new application of nuclear and radiation techniques can be 

applied for bulk density measurements in situ. It may be possible 

that research towards this end may load to better safety concerning 

ground stability 1n mines. 

The era of cheap energy 1s over. The world has to face with 

this now reality 1n l i fe . It 1s therefore Important that the 

nrinlncj Industry 1n lialaysia look into more efficient meahs of 

transporting *nd processing mineral products, so that Iciss fuel or 

energy 1s spent per unit of metal produced. 



11 
! Persidangan yanr barmal-i hari ini dapat bcrlan sung kerana 

usahesama ciari bcberapa badan dan agansi Kerajaan yan j telah 

i menguruskannya dengan badan "International Atomic Energy Ajency". 

Olch yang donrikian saya bagi pihak Kemontcrian Perusa' an Utama 

mengucapkan tahniah dan tcr i rc kasih kepada Ahli-ahli Jawatankuasa 

Pengelola yang tordir i daripada kakitangan-kakitangan Kementerian 

Sains, Teknologi dan Alam Sekitar, PUSPATI, SEATED Centre, dan 

kakitangan-kakitangan di bawah Kemonterion saya sendiri , i a i tu 

Jabatan Kajibunri, Ibu Pejabat Jabatan Galian dan Inst" t in t 

Penyelidikan Galian Malaysia. Kepada Pakar-pakar Parunding 

'International Atomic Energy Agency' yang telah datang dan akan 

berusaha dalan beberapa hari yang ak3n datang i n i , untuk rr.cncari 

tefcnolcgi baru i t u , saya mengucâ  an selamat datang, dan juga 

mengucapfcan borjaya dalam usaha rcencari czra-czrz baru untuk 

memperbaiki pcrindustrian mineral, di nogara fialaysia in i khasnya, 

dan juga di kawasan Asia Tenggara afcnya. Seterusnya, saya 

mengucapkan terima kasih pula kepada tuan-tuan dan puan-puan 

h3dhirin yang telah datang tnenyerikan upacara liari i n i . Olch i t u 

dengan sukacitanya saya nsrtsmikan pembukaan Persidangan Pakar-pakar 

Perundlng 'International Atomic Energy Agency' i n i . 

PLKS/PR-2/(45) 
Kementerian Perusahaan Utama, 
Kuala Lunpur. 
19hb Oktobcr, 1979. 
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Appendix k 

Agenda I tern 1: 

Review and discussion of the UNDP proposal for a Regional 
RCA Project for Asia and the Pacific on Industrial 
Application of Isotopes and Radiation Technology 

6. The status of the UNDP proposal was presented by 
the IAEA Representative with emphasis on the 
following: 

A. The UNDP proposal is a comprehensive plan 
for transfer of established modern nuclear 
technology to industries in RCA countries. 

B. The proposal Is a serious effort Involving 
a major expenditure of money by UNDP and 
Member States totalling US$7,731* million 
(UNDP US$'t.85it million and Member State 
contributions of US$2,880 million). 

C. The proposal is built upon development and 
application of technology which has been 
reduced to practice over the past 30 years 
by the industrialized countries over the 
world with demonstrable economic and social 
value. The investment by industrialized 
countries in research, development and 
application is estimated to be in excess of 
US$500 million. 

D. The proposal is designed around expert advice 
provided by a '•-man IAEA Technical Mission 
which visited 10 RCA Member States in 1978 
as well as other expert groups to IAEA over 
the past 24 months. 

E. The premise of the proposal is that through 
successful transfer of established technology 
RCA Member States can realize important gains 
through: 

t. Saving In raw materials and energy 
ft. Creation of new industries 

ftl, Increased competition In world 
markets by export of manufactured 
products (as opposed to raw materials) 
with resultant improvement in their 
balance of payments. 
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iv. Improved rural development through 
the enlargement of agro-based 
Industries, and 

y. Improved social gains through 
realization of greater employment, 
delivered health care and environ
mental quality. 

Two major requirements exist with respect to 
the proposal: 

t. The willingness and ability of 
Member States to achieve the level 
of participation and contribution 
required by the proposal, and 

H . The willingness of industries in 
the Region to accept modern technology 
as represented by nuclear science and 
application. 

In the first case the proposal requests Member 
States, to make major financial contribution in 
cash or kind and to orient their infrastructures 
to make possible new technology acceptance by 
Industries in their countries. 

Secondly it asks for a level of contribution 
among Member States never before achieved 
within RCA. 

IAEA has, at this point, received verbal reactions 
of Governments but not formal commitments which 
must of course await the final UNDP project 
document. Professor Kahikana has visited during 
the past months the Republic of Korea, Indonesia, 
Australia, Malaysia, Singapore, India and Japan 
for specific discussion on the proposal. On his 
behalf I have visited the Philippines and Thailand 
for the same purpose. We believe there is 
overall agreement and support for the proposal 
wfthtn the context of the project document now 
before UNOP. However, this will be verified 
only upon formal acceptance of the final project 
document presented to Governments by UNDP. 

If Member States, in the final acceptance process, 
show an inability or unwilUngness to participate 
and contribute as set out in the proposal then of 
course the IAEA will be required to consider with
drawal of the proposal from UNDP since their 



participation and contribution is an absolute 
requirement as set forth under "Section '0', 
Prior Obligations and Prerequisites" Pages fti 
and k2 of the proposal. 

With respect to industries accepting new 
technology this at best is a very difficult 
challenge. Whether we are speaking of 
developing or developed countries there is 
always a reluctance to change if production-
manufacturing operations are doing a reasonable 
job. The incentive to industry will always be 
profit and enhanced market position and it is 
here that the project must be its most effective 
in demonstrating economic or other gains to 
industrial directors and plant managers. 

The proposal envisions contributing countries 
and receiving countries. Australia, India, 
Japan and Singapore are highly advanced in 
technology development and application in areas 
of major importance to the proposal and must be 
willing to accept major leadership roles along 
with making important contribution in cash and 
kind. 

The project proposal includes 6 major technology 
areas and expenditures as follows: 

I. Tracers and nuclear analytical 
techniques - US$270,000 

ii. Non-Destructive Testing 
(NDT) - US$i*38,00O 

iii. Industrial Pollution 
Analysis and Control - US$730,000 

iv. Radiation Processing 
including Medical Supply 
Sterilization - US$3,716,000 

v. Nucleonics Control 
Systems -US$1,130,000 

vi. Nuclear Instruments 
Maintenance - US$850,000 

The distribution of the requested US$11,851*,000 from 
UNDP by services and equipment is: 

I. Experts (162 man/months) - US$810,000 
It. Fellowships (6ft) - US$32ft,000 

H I . Equipment - US$3,00ft,000 
fv. Marketing Studies * US$60,000 
v. Project Office -US$600,000 



The results of the IAEA Mission in 1978 were 
submitted to Member States in December 1978 
and the UNDP project proposal was made available 
to each country in March 1979. 

A Preparatory Assistance Project was established 
by UNDP for final review of the proposal. The 
appointment of two independent experts was 
followed by a review meeting at IAEA Headquarters, 
Vienna the week of 3 September 1979. The experts 
appointed are: 

Dr. A. Lillie 
Vice President 
Commercial Products Division 
Atomic Energy of Canada, Ltd. 
Ottawa, 
Canada. 

Dr.S. Machi 
Takasaki Radiation Chemistry Research 
Establishment 
Takasaki, 
Japan. 

The September meeting was participated by the 
UNDP, IAEA, UN I DO and the appointed experts. 

A tentative date of 17 December has been 
established for final proposal review at UNDP 
Headquarters, New York. A final project 
document will be prepared at that time and 
formally submitted by UNDP to Member States for 
review and acceptance. 
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Appendix 6 

Itinerary of Field Visits 

Ife^yuaral PaLar-Pakar Perundiiu) mengenai Sit iem 
Njkli:onik Otoruatis bagi Tujuan Kawalan Prosci 

Perindusirian Perlomtongan 

di bawa/i pcmycJoiiian 

IHSTITUI PENYELIDIKAN CALIAN MALAYSIA 

danysn kerjasainj 

KEHENTEftlAN SAINS, TEKNOLOCI DAN ALAM SCKITAR MALAYSIA 

d*n 

INTERNATIONAL ATOMIC ENERGY AGENCY 

Di Institut Pcnyclidikan Galian Malaysia 
Ipoh 22 • 2Chb. Ckiober, 1379 
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ATUACARA PCHESMIAH PEHBUKAAN 

PAOA 22MB. OKTOBER, 1979 JAlt: 9.30 PAGI 

9.25 pagl Para tetanu mtnganbil tempat 

9.30 pagi Kctibaan T B. Oato 1 Paul leong Knee Seong, 
Renter! Pcrusahaan utane 

9.35 pagl Ucapan Aluan oleh Or. H. Hussin, 
Pengcruai Jawatankuasa Pengelola 

9 . *5 pagl Ucapan dan peresmian oleh T.B. Oato' Paul 
Lacng Khet Seong, nentcri Perusahaan Utana 

10.00 pagi JAHUAN TEH 
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Jawatankuasa Pengelola nesyuarat Pakar-Pakar 
Perunding mengenal Sisteiti Nuklconik Otosutis 
bagI Tujuan KaMalen Proses Perindustrian 
Parlombongan 

Pcngerusl: Or. H. Hussin, 
Pcngarah Ins t i tu t Penyelidikan Galfan Malaysia, 
Jabatan Cat I an , Kenenterian Perusahaan Utafta 

Setlausaha-setiausaha: Encik Khor Peng Seoog, 
Ins t i tu t Penyelidikan Galian Malaysia 

Encik Ratal i Hamzah, 
PUSPATI, Kementerian Sains, Teknologi 
dan AIam Sekitar Malaysia 

A h l l - a h l i : Encik Hohd. Zar i f f b. Mohd. Zaaan, 
Keaenterian Perusahaan Utana 

Puan Jaazah bte . Jaafar, 
Keaenteri.n Perusahaan Utama 

Encik Abdul Ham id bin Ahmad. 
Ibupejabat, Jabatan Calian 

Encik Chew Seng Choon, 
Karnenterian Sains, Teknologi dan Alaa Sek i tar . 
Malaysia 

Or. Ptoo Siew Pheng, 
PUSPATI, Kementerian Sains, Taknologl dan Alaa 
Saki tar , Malaysia 

Encik 0. Santokh Singh, 
Jabatan Kajibumi 

Or. Abdullah Hasbi b. H j . Hassan. 
South East Asia Tin Research and Development 
Centre (SEATRAO) 

Encik Ozulkarnain b. H j . Kameruzsaaan, 
I n s t i t u t Penyelidikan Calian Malaysia 

Juruacara Peresalan Per*ukaan: Encik Chew Sang Choon, 
Kementeritn Sains, Teknologi 
dan Alan Sek i tar , halaysia 
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Heap— Tatimtkssih 

Pengelolaan daIa* pertediaan untuk •cngadakan 
Metyuarat Paiar-pakar Perunding International Atonic Energy 
Agency adalan usahasaaa kakitangan-fcafcitangan Kerajaan dari 
Keaenterian Perusanaan Utane ternasufc pegami-pegawai dari 
Jabatan Kal ian, Jabatan Kajibumi din I n t t i t u t Penyelidikan 
bal ian dan fcakitangan Kenenterian Sains. Teknologi dan Alas 
Sekitar dan PuSPATI. Untuft nesyuarat terwbut st.r>*angafl~ 
suaeangan telan pula diperolehi dari SEATRAD c c r t r c . 
Syar ikat - tyar ikat perloabongan dan k i lang-k i lang p roc«» 
minera l , lenbaga Psnyelidikan can Pcrwanaan Tinan, Oewan 
Pcrloabongan Tanah nr layu, Dewan Perlowbongan Buotiputra 
dan Inst i tuc Kejuruteraan Mineral. Kepada semua yang te lah 
aeaberi suabangan iccara langtung atau sebaliknya, *«ya bagi 
pihak a n l i - a n l i Jawatankuasa pengclola nengucapkan tcriaia 
kaVih. Jayanya mesyuerat adalah juga nasi I kerjasafi* pihak 
p o l i * dan I a i n - I a i n Jabatan Kerajaan yang tidak dapat 
diMbutkan d i t i n i . 

Or. H. N u » i n 
Penangku Pcngarah 
I r m i t u t Penyelidikan Calian Malaysia. 
rlerangkap Pengerusi 
Jawttankuasa Pengelola 
netyuaret International Atonic Energy Agency. 
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Programme for tAEJ. 
consul t.mrs meeting 

Monday, 2?nd. October 

Official Opening Ceremony 

9.2S a.m. Cuests and participants take their seats 

9.30 a.m. Arrival of The Honourable Oato' Paul Leong 
Khee Seong, Minister of Primary Industries 

9-35 a.m. Welcoming Speech by Dr. H. Hussin, Chairman 
of the organizing committee 

9.*»5 a.m. Speech by The Honourable Dato' Paul leong 
Khee Seong, Hinister of Primary Industries 

10.00 a.m. TEA 

Meeting of Consultants begins: 

10.30 a.m. - Presentation of Background and Purpose 
12.30 p.m. of meeting 

Review and Discussion of UNDP Regional 
Project for Asia unit the Pacific o 
Industrial Applications of Isotopes 
In Radiation Technology 

12.}0 p.m. - IUHCH for IAEA consultants and members of 
. 2.30 p.m. organiting Comnittee provided by Nines 

Research Institute of Malaysia 

2.30 p.m. • Presentation of Expert Reports 
*.30 p.m. (TEA PROVIDED) 
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Tuesday. 23rd. October 

9.30 a.m. Meet at Inst i tut Penyelidikan Galian 
Malaysia] and depart for Gopeng 
Consolidated Ltd. 

12.00 noon Leave Gopeng Consolidated for v i s i t to 
dredge. Lunch by courtesy of PEANAS 
Charter Management. 

7.00 p.m. Dinner for IAEA Consultants and organizing 
committee by courtesy of Bradken nalaysia 
Sdn. I h d . 

Wednesday, 2*»th. October 

9.30 a.m. Meet at Inst i tut Penyelidikan Calian 
Malaysia; and depart for BEK Minerals 
Sdn.. I h d . 

12.00 noon Leave 8EH Minerals for Associate Pan 
Malayan Cement in Chemor. Lunch by 
courtesy of APHC. 

7.00 p.m. Dinner for IAEA consultants and 
organizing committee by courtesy 
of Oetufc Heranat Smelting Sdn. Bhd., 
Puslng. 
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Thursday. 25th. October 

8.00 a.m. - Observation tour of I .P .G. Malaysia. 
12.00 noon Geological Survey or Malaysia and 

SEATRAO Centre. 

2.00 p.o. - Presentation and Acceptance of 
fc.30 p.a. Meeting Report. 

Fr idav. 26th. October 

10.00 a .a . - Presentation and Acceptance of 
12.30 p.m. Meeting Report 

ADJOURNMENT. 

ooooooOOOOoooooo 
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PEGAWAI-PECAUAI UtNAN INSTITUT PENYELIOIKAN CALlMi MALAYSIA 

Br. H. Hussin, B.A.Sc.(Hining and Mineral 
Processing, U.B.C.,) 0.1 . C . , Ph.D. (London) 
Car t . Offshore Exploration (Tokyo), H . I . H . H . , 
H . I . H . E . , P. Eng. 
Pesungku Pmymrah 
mer*njk*p Aetua B*h*gi4n Proses Cjlun. 

Cncik rtohd. Zaki b. H j . Taib. • .Sc.(Hons.) 
(Mining, H e r i o t - U a t t ) . 
Pemanyku Timbaltn Penyaran. 

Encik rtohd. Aljunid b. Abdul Chani, 
B.Sc.(Hons.HHining, Leeds). 
Janitors t-enyelidik A'anan 
fKecua kmha^ian Teknolati ferlombon itn) . 

Encik Dzulkarnain b. H j . Kamaruzzaman, 
B.Sc.(Hons.)(Mining, Leeds). 
Jurutera Penyelidik 
f Aanafjian CtriyaliinJ. 

Cncik Ong Tian Hoe, B.Sc.(Hons.) 
(Applied Geology, University of Malaya). 
PecM-ai f-enyelidik 
fCawanyan Cerudi Henyissst 0*11 in). 

Encik leh Peng Seong, B.Sc (Hon*.) 
(Hining, Leeds). 
Jurucera l-enyelidik 
(Cawanifin Ceoteknik). 

Encik Chin Kee Chin, Sarjana Mod* Sains 
Gunaan (Kepujian) (Universi t i Sains Malaysia) . 
Feoavei PenyeiidiA 
(Csutngtn Proses Xi iua dan Aasan;. 

Encik Abdullah b. Ismai l , Sarjana Huda 
(Tefcnologi Mineral , Universi t i Sains Malaysia). 
Pegswai Penuvlidik 
fCawsngan Ptoses tizikal) . 

Cik L i * Bee Chin, S Sc. (Hons.)(Universit i 
Sain* Malaysia). 
Pmgawal Penutlidik. 

Cncik Khor Peng Seong, B.Sc.(Hons.) 
(Un ivers i t i Malaya). 
Ataevai Ptnyelidik. 

Cncik Look Kenan bin Sahari , B.Sc. 
(Mining Engineering, Stratchclyde) . 
Juruters Penyei id j * . 
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TEKNOLOGI NEUKLEAR & RAO I ASi 
YANG OAPAT DIGUNAKAN DALAM 
PERINDUSTRIAN MINERAL 

On-*tream size analyst* with detection of 
radiation through helix conduit of mineral 
slurry (equipment not ihown) 

k 
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Continued from paae 10 

TEKNOlOGI NEUKLEAR « RAOIASI 
TANG DAPAT DIGUNAKAN OALA* 
PERINOUSTRIAN MINERAL 
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RBC0r.?.!E?TDATI0riS 

INTRODUCTION 

Mr.J.R. Rhodes and Mr.J.S. Watt assessed 
potential application areas for nuclear techniques in 
the mineral industry of Malaysia with consideration being 
given to the* same industries in Thailand and Indonesia. 
These assessments were made after visits to various mining 
and beneficiation sites and detailed-discussion with 
industry, Mines Research Institute of Malaysia (MRIM), the 
Geological Survey of Malaysia, and Seatrad staff. The 
assessment are discussed in the next section, and are 
followed by detailed recommendations relating to the most 
important application areas. 

ASSESSMENTS 

'• Evaluation of Tin Deposits 

About 951 of tin mines in Malaysia is from 
alluvial deposits of grade in the range 0.007 - 0.04 wt.% 
tin. In evaluation of the deposits, the ore boundaries 
are delineated and tin grade determined based on analysis 
of sections of many drill cores. The holes are drilled 
(Banka drill) manually or engine driven. Five feet 
sections of core are concentrated in the field by panning. 
The resultant concentrated sample is usually about 100 grams 
in weight and has a tin concentration of 0.1 - 0.5 wt.l. 
This sample is analysed for tin in the laboratory by 
further panning and drying followed by wet chemistry 
methods. The drilling program of the MRIM alone is more 
than 3000 holes per year with average depth of 50 feet. 
This involves analysis of not less than 30,000 samples per 
year. 

i 
Appendix 7 



- 6 U -

There is a well-established need to increase 
the drilling program and to increase the throughput in 
analysis of samples. Equipment for fully mechanised 
drilling, with recovery of core by counter flushing, is 
being purchases by the MRIM. This will speed up the 
drilling program. There are currently no plans in hand 
to increase the rate of sample analysis for tin. It is 
not possible to log the boreholes directly for tin, using 
radioisotope X-ray techniques because of the steel casing 
material, and there are not other nuclear methods either 
developed or with potential for determination of tin at 
the low concentration of alluvial deposits. Nuclear 
techniques which are practical or which have potential for 
increasing the throughput rate of analysis for tin are: 

a) Direct measurement of tin concentration 
by XRF analysis of the (wet) sample 
brought to the laboratory. This is a 
practical technique using commercially 
available portable mineral analysers, 
and an analysis time per sample of one 
minu.e is achievable. Combined with a 
sample weght determination and known 
core volume, an overall accuracy of 
better than + 20% of the lowest grade 
should be obtained for the required tin 
per unit volume of ore. 

b) A method with potential but requiring 
much further investigation was suggested 
by Dr.H. Hussin of MRIM, and is shown in 
Figure I. The lo-ig-'term aim of this 
method is continuous determination of tin 
concentration in the field during drilling 
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operations. It depends on continuous 
recovery of drill core by counter flushing, 
followed by mass flow determination using 
a y-ray density gauge and magnetic flow 
meter, particle size analysis, screen to 
take out oversize particles, desliming and 
physical concentration. This is followed 
by determination of tin content of the final 
concentrates. There are simpler variations 
of the above system if sampling is under
taken (e.g. for conventional laboratory 
determination of particle size). In our 
opinion, considerable development and 
testing is required to prove the particle 
size analysis and wet concentration techniques. 
It is also necessary to log the borehole for 
bulk density of the ore so that tin content 
per unit volume can be determined. We are 
not sure of the type of logging tool required 
for the density measurement, and this 
information will be ascertained by us at a 
later date. 

2. Mining and Beneficiation of ore 

The alluvial tin ores are mined by gravel pumping, 
by dredging, and by direct mining of the dry ore. The ore 
In slurry form is concentrated at the mine site by gravity 
methods to produce a concentrate of 3 - 70 wt. % tin. Tho 
concentrate is reconcentrated at plants away from the mine 
site to separate the cassiterite from some of the other 
minerals such as ilmenite, zircon, monazite, xenotime, rutile 
and struverite. Separation processes are based on magnetic, 
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electrostatic and gravitation techniques. 

There is a well-defined need for determination 
of density of feed to concentrator from both gravel pumping 
and (dry) mining operations. For gravel pumping, 
information on slurry density would warn plant operators 
when slurry solids content has dropped too low for efficient 
plant operation. In the sluice concentration of ore from 
dry mining, slurry density and flow rate measurements would 
enable control of dflution of feed slurry to sluices 
ensuring a maximum throughput of ore. The density in both 
applications can be determined continuously by Y~ray density 
gauges. A magnetic flowmeter would be additional for the 
second application. 

There is a need for determination of tin in feed 
slurries so as to control the mining operation. However, 
there is no practical method for this determination at the 
low concentration and solids weight fraction of slurries in 
the alluvial tin mining operations. 

In reconcentration of tin concentrates, even the 
largest plants are small operations and batch processes. 
The limited size of these operations indicate only marginal 
benefit could be obtained from on-line analyses by nuclear 
methods. Recovery in these plants is already excellent. 

3. Safety Related to Tailings Dumps 

Tin mining operations produce high volumes of 
tailings. These dumps can collapse, slide, etc., causing 
danger to mine operators and the general public. The 



ex ton i iji •ijnger can be estimated from tailings density and 
portioli si?c. Density logging alone would give a 
siijni i ii ini indication of danger. This is a very important 
prcibUi:1 .iii.1 requires in-site borehole logging for density. 
The cnoi.o c«f logging tool will be ascertained by us as 
uiscus-jf-'i irj I (b) of the 'Assessments* Section. 

*». '<-i.earch. Development and Demonstration (RD C D) 

Both theMRlMand Seatrad Centre are undertaking 
RD t D ii oil stager, of exploraton, evaluation of deposits, 
concentration and reconcentration of tin ore. A key factor 
limiting the rate of advancement of this work is low 
throughput and long turn-arcund time for sample analysis. 
The requirements of analysis range from ppm concentration to 
tens of wt. Z of various elements. It is imperative that 
an XRF analysis laboratory be set up and efficiently run to 
cover the RD 6 D requirements for analysis of both 

' organisation. 
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RtCiWlEHtmiONS 

I • X-Ray Fluorescence Analysis Laboratory 

An X-ray fluorescence analysis laboratory should 

be set up to satisfy the needs for rapid and 

sensitive quantitative and qualitative analysis 

of mineral samples, in support of the research 

and development programs of both SEATRAD and the 

.lines Research Institute, Ipoh. 

This laboratory should contain the following 

equipment: 

a) A multi-element energy dispersive X-ray 

fluorescence analyzer with automatic 

sample changer, Si(Li) spectrometer, 

X-ray tube excitation system, computer 

control, and programs for suitable matrix 

effect correction procedures and rapid 

qualitative analysis. The instrument 

should be general purpose but with 

sensitivity optimised for the elements 

Sn, Ta, Zr, Nb(Cb), Y, Fe, Tl, W and If 

possible, certain rare earths. 

b) Suitable sample preparation equipment sucn 

as a mu'tisample fuser, pulveriser and 

hydraulic pellet press. 
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c) Ancillary reagents and equipment. 

Procurement should be accomplished with 

the help of a UNDP sponsored expert whose 

function will be to advise on the detailed 

specification of all the necessary equipment. 

It is recommended that a preliminary 

feasibility study be performed as soon as 

possible using a suite of chemically analyzed 

samples selected to cover the expected ranges 

of compositions. A suitable location would 

be the University of Technology of Malaysia, 

Kuala Lumpur, using their TEFA system. The 

aim of the feasibility study will be to confirm 

that suitable sensitivities can be obtained 

for most or all of the important elements. 

Detailed development of analytical procedures 

should not be attempted. As part of the 

procurement of the EOXRF System, a suite of 

analyzer samples should be sent to each bidder 

to enable him to demonstrate the sensitivity 

obtainable using the instrumentation he 

proposes to supply. 
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The laboratory should be staffed by one full-time 

analyst trained in operation of the instrument and 

ip the sample preparation and analytical procedures 

to be used. The analyst may have assistants, as 

required, for example, to'prepare samples and 

analytical reports. The same or another UNDP 

sponsored-expert must be made available Immediately 

after the delivery and installation of the equipment 

is completed. His function will be: 

a) To assist and oversee the commissioning 

and acceptance tests of the instrumentation; 

b) To work with the full-time analyst in 

establishing the most important of the 

sample preparation and-analytical procedures: 

c) To further train the analyst in equipment 

operations and maintenance (note that most 

EDXRF equipment manufactures include a 

2-week training course in the price of the 

Instrument): 

d) To teach the analyst the rationale of sample 

preparation and XRF analysis of minerals so 

that he can continue to develop and refine 

procedures after the expert has gone. 
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Portable XRF Analyzer 

It is recommended that a single channel manual 

portable XRF analyzer be procured for rapid 

tin determination in concentrate samples brought 

in from the field drill coring program. The 

measurements would be done on a routine basis in 

a pilot plant or laboratory environment at the 

Mines Research Institute, Ipoh. 

The equipment should include a radioisotope source 

for excitation of Sn K X-rays, a scintillation or 

proportional counter with single channel analyzer 

for energy resolution, balanced Ag/Pd filters for 

discrimination of net SnK intensity and backscattered 

intensity (or a number equivalent to backscattered 

intensity). 

Procurement should be accomplished with the help of 

a UNDP sponsored expert whole function will be to 

advise on the detailed specification. 

After delivery of the instrument another UNDP 

sponsored expert should assist and oversee the 

setting up and calibration of the instrument, and 

operator training in minor maintenance and servicing. 

This second person should be a representative of 

the manufacturer whose credentials have been approved 

by the cus.omer. 
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3. On-Line Mass Flow Gauge - Demonstration Project 

If is recommended that a mass flow gauge comprising 
a gamma-ray transmission density meter and a suitable 
velocity meter be installed on a slurry line at a 
selected hydraulic tin mine. A suitable location 
for this demonstration project is, in our view, the 
slurry feed to the sluice box at an experimental mine. 

Procurement, installation and commissioning of the 
gauge would be done by local scientists under the 
guidance of a UNDP sponsored expert who would also 
provide training in operation and field servicing. 
The 3auge should be operated for at least 1 year on 
an experimental and demonstration basis. 

k. Essenti, I to the successful procurement and operation 
of the equipment recommended herein is the proper 
application of technology transfer. This will take 
the form of attachment of UNDP sponsored experts for 
short durations to accomplish specific objectives as 
defined in recommendations 1 - 3 . In addition it is 
recommended that a 1 year fellowship be awarded to a 
scientists from Thailand and one from Indonesia, tenable 
at the location of the projects, namely, Ipoh, Malaysia. 
The objective of the tv/o fellowships is to promote 
technology transfer throughout the three countries 
involved. 



Instrument Maintenance 

We strongly endorse sub-project number 6, "Regional 

Nuclear Instrument Maintenance'. 

Technical service staff should have special experience 

with energy dispersive X-ray fluorescence analyzers 

and gamma-ray transmission density gauges to enable 

them to service equipment supplied under recommendations 

1 - 1» herein. 

In addition we recommend that, at the time of procurement 

of each new instrument, a long term service agreement 

with the manufacturer should be included in the 

specification, if possible. 



funding 
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c. Tin Mining 

(i) Activity Duration: 

(11) Locat i on: 

(ill) ' Participating 
Countries: 

2 years* 

Malaysia 

Malaysia, Indonesia, 
Thai land. 

Government Input 

(i) Staff from participating countries 

# 1 36MM 
# 2 24MM 
I 3 2OHM 

80 8 $1,000 
US$ 80,000 

(il) Facilities for Demonstration 

Activities US$ 50,000 

Total Estimated Government 

Input $130,000 

UNDP Input 

(i) Equipment (EDXRF Analyzer plus sample preparation 

; 
equipment, $160,000; portable XRF Analyzer $20,000; 

on-line mass flow gauge 20,000) US$200,000 

( I I ) Experts (#1 , 8M.M.; *2 , 2M.M.; 

# 3 , 3M.M.) 13MM e $5,000 

( I N ) Fellowships (2 at 12 months each 

and $1,000/M). 

Total 

US$ 65,000 

US$ 2^.000 

US$289,000 

US$'t19,000 

* It Is assumed that after the first 2 years the operation 
of the recommended equipment and facilities will continue 
without further support. 
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G. 1514 

REPORT BY C.G. CLAYTON ON VISIT TO 
SOUTH EAST ASIA TIN RESEARCH AND 
DEVELOPMENT CENTRE, IPOH, MALAYSIA 
JUNE, 1979 
for 
Ministry of Overseas Development. 

Applied Nuclear Geophysics Group, 
Nuclear Physics Division, 
AERE-Harvell. 





Report by C.G. Clayton on visit to 

South East Asia Tin Research and Development Centre, Ipoh, 
Malaysia - June, 1979 

for 

Ministry of Overseas Development, London 

on behalf of 

United Nations Economic and Social Commission for Asia and the 
Pacific, Bangkok. 

TERMS OF REFERENCE 

(i) To review the existing laboratory and equipment of 
the Centre in relation to tin prospecting and 
beneficiation. 

(ii) To examine the possibility of applying recently 
developed Harwell techniques of prospecting and 
analysis of tin ores. 

(iii) To advise and lecture as required on the use of such 
techniques. 
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INTRODUCTION 

The South East Asia Tin Research and Development (SEATRA?) Centre was 
established in April, 1977 by the Governments of Indonesia, Malaysia 
and Thailand. 

The Centre is temporarily located ii> a large house standing in its own 
grounds on the outskirts of Ipoh, and is conveniently located close to 
the Mines Research Institute of Malaysia. It is expected that, 
eventually, a permanent building will be constructed within the grounds 
of the Mines Research Institute. 

At the present time the professional staff is small (Table 1) and the 
facilities and equipment limited so that, although enthusiasm is high, 
the programme is constrained to only a few of the topics within the 
overall aims of the Centre (Table 2). 

At the time of the visit only one room was in use as a laboratory, the 
main work being an investigation of methods of chemically extracting 
tin from small-grained alluvial complexes. However, since as yet 
there is virtually no analytical equipment in the Centre, the progress 
of the present research effort is severely attenuated. As the 
laboratory programme expands the need for analytical support will 
become overriding. The corollary is probably more important: with
out analytical equipment and staff, effective expansion in some of the 
identified programme areas cannot take place effectively. 

The need for analytical support is not confined to laboratory investi
gations within the Centre. An assessment of the value of new 
techniques in the field, in exploration, mining and mineral concen
trating phases can be expected to lean heavily on analytical methods. 

In view of the current limited experimental programme in the Centre, 
the main aim of the visit was directed at gaining an understanding of 
the potential for nuclear analytical techniques in support of, or as 
an alternative to, current practices in exploration, in pre-concentration 
following extraction and in minerals separation. Consideration was also 
given to the possible role of the Centre in developing appropriate 
techniques and equipment and introducing these into various operational 
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areas in the tin industry. This should be of some benefit to the 
Centre since an early demonst ition of work of economic value is 
likely to reflect well on its general standing. 

The itinerary arranged by Dr. Hasbi (Appendix 3) was consistent with 
these objectives. It was particularly well composed and, in the 
short time available, allowed useful coverage of those parts of the 
industry where the introduction of analytical techniques appeared to 

be beneficial. 

POSSIBLE NUCLEAR ANALYTICAL TECHNIQUES 

In general, nuclear analytical techniques are finding increasing 
application in minerals exploration, mining and process control. 
Energy dispersive X-ray fluorescence (EDXRF) techniques are well 
established, although new applications are continuously being found. 
Neutron techniques are now being developed for use in the 
metalliferous minerals and coal industries following their success
ful application to oil exploration and extraction. 

In the alluvial deposits in S.E. Asia tin normally occurs as 
cassiterite (SnCO at an approximate concentration of 0 01% Sn. It 
may be associated with other heavy minerals, notably ilmenite, zircon, 
monazite, xenotime, rutile, struverite, tantalum/niobium minerals 
and pyrite. 

The initial request to the writer was to advise on the application 
of neutron activation in exploration for tin. However, tin is a 
particularly difficult candidate for analysis by any neutron 
interaction technique and neutron methods of assessing tin content 
are not therefore considered any further. 

Some of the associated elements do have significant neutron cross-
sections and the most obvious application of neutron methods for 
assaying for these elements would be in borehole logging. (In other 
branches of the tin mining industry, other analytical techniques 



(e.g. EDXRF) are preferred.) However, interest in logging for 
secondary associated <ilements is, at present, relatively small and 
since concentrations are low and correlations with tin variable 
and not well established, the prospect of a worthwhile development 
of a borehole logging system for secondary elements does not merit 
high priority. Nevertheless, it is recommended that a more detailed 
study of the viability of secondary element logging by neutron tech
niques be undertaken at some later date. This is not a particularly 
formidable task and a worthwhile assessment could be carrie 1 out by 
an experienced nuclear geophysicist in a period of about three months 
provided he received adequate guidance on the pertinant geological 
environment and on the operational requirements. 

The technique with most obvious and widespread application is EDXRF 
and virtually the whole period of the visit was devoted to identify
ing possible areas of application for this technique. Potential 
applications occur in the exploration phase (as an alternative to 
panning and weighing) and in various stages of minerals concentra
tion and separation. 

ENERGY DISPERSIVE X-RAY FLUORESCENCE ANALYSIS 

A summary of analytical requirements which might be resolved by using 
EDXRF equipment is presented in Table 4. It is based on information 
provided by the Director of the SEATRAD Centre and by the Technical 
Advisor. Included in this Table are details of current analytical 
needs at the SEATRAD Centre, potential applications in the explora
tion phase and in the analysis of dredge concentrates and tailings, 
and a requirement for analysis of the various mineral streams in a 
re-concentrating plant. Table 5 indicates t >P principal commercial 
considerations which govern the analytical requirements in each of 
these mineral streams. Table 6 gives a conservative estimate of the 
performance of EDXRF equipment when applied to the analytical problems 
identified in Table 4. There is no doubt but that both high and low 
resolution EDXRF systems could be of value in a number of the applica
tions identified. Mainly because of the non-destructive nature of 
the analysis using this type of equipment and its easy application to 
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plant and field use, there appear to be no simple alternatives. 
In some cases the techniques, equipment and analytical limits can be 
readily assessed: in other cases further development will be 
required. 

The rationale behind this observation is indicated below: 

In general, EDXRF equipment offers the possibility of 
single or multi-element analysis without sample preparation 
and at an acceptable price. Two types of EDXRF equipment 
can be identified -

(i) Low resolution instruments can be used to measure the 
concentration of (usually) one or two elements 
(occasionally four) above a detection limit >0.01%. 
These instruments employ radioisotope or X-ray tube 
sources and proportional or scintillation counter 
detectors. The principal applications occur in mine 
control (sample measurement, borehole logging and 
borehole core analysis) and in mineral processing. 
Prices range from approximately £4-10k for sample 
measuring equipment, £10-15k for borehole loggers, 
about £20k for a core analyser and £25-40k for an 
on-stream unit. 

(ii) High resolution equipment is based on the use of a 
Si(Li) solid-state detector. With this equipment 
limits of detection of a few ppm can be obtained for 
all elements for Z>22(Ti). Analysis of lower-Z 
elements (for Z-Hl • Na) can be obtained, but with 
rapidly increasing detection limits. The time for 
analysis may vary from a few tens of seconds to a 
few hundreds of seconds but the readout of all derived 
elemental concentrations can then be instantaneous. 
The cost of equipment of this type is generally within 
the range £20-30k depending on the complexity of data 
handling and automatic reaoout facilities. 
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A scientist with experience in the use of EDXRF systems can 
readily identify the type of problem which is unequivocally 
within the analytical range of either high or low resolution 
systems. However, the ability of EDXRF equipment to cope 
with the more complex problem is not so obvious and generally 
feasibility studies have to be carried out to determine the 
preferred analytical techniques and hence to deduce the 
limits of detection which can be achieved for each of the 
elements to be analysed. 

The reasons for this approach are several and include 
consideration of: 

(i) the number and identity of elements to be analysed; 

(ii) the required limits of detection; 

(iii) the matrix elements and their range of concentration 
variation; 

(iv) variations in particle size of analytes and matrix 
elements; 

(v) the nature of the environment associated with the 
measurement (e.g. the condition of the borehole in 
borehole logging); 

(vi) operational conditions (e.g. the allowed measurement 
time and benefit/cost ratio criteria). 

For feasibility studies to have value, significant re-iterative 
interaction between the analyst responsible for developing the 
equipment and the user is required. The importance of this 
approach when introducing a new technology cannot be over
emphasised. 

The analytical problems exposed during the visit are described briefly 
in Tables A, 7 and 9. Corresponding solutions, and comments on possible 
solutions to these problems, are presented in Tables 6, 8 and IG. Tr 
many cases the problems presented were generalised for the industry as a 
whole so that the comments are alsn generalised and simpler solution:-; to 
Borne of the problems discussed may be possible. For example, in a 
particular geological situation, not all elements listed in Table 9U} 



may occur and lower limits of detection than indicated in Table iO 
should then be achievable, either without or by changing the chosen 
energies of exciting radiation. 

In general it can be concluded that there should be substantial 
economic benefit from the Introduction of EDXRF equipment into the 
tin industry but a strategy needs to be developed to ensure optimum 
arrangements for technology transfer. 

For some applications commercially available equipment is suitable 
without modification. But the r.iajor benefit from the application 
of EDXRF equipment will follow tiie successful conclusion of a series 
of feasibility studies leading to the development, construction and 

* 
installation of equipment to meet particular operational require
ments. This could be an important role for the SEATRAD Centre. 
However, before the Centre could accept such a role: 

(i) One member of the staff with a suitable academic background 
and experience should receive training for one year in a 
labc-atory with an established reputation for the develop
ment and application of EDXRF techniques to minerals 
analysis. 

(ii) Suitable analytical equipment would have to be acquired: 
for example, one low resolution spectrometer, one high 
resolution spectrometer, several radioisotope sources, 
one X-ray tube source with energy selection facilities and 
a small reserve of proportional and scintillation counters. 
The total cost of this investment is about £50k. 

* 
Most of the equipments required would be assembled largely from 
commercially available units. The additional development and 
construction would be relatively small, though crucial. 
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CONCLUSIONS 

1. There appears to be large potential benefit to be gained from 
the introduction of EDXRF techniques into various operational 

« 
phases of the tin mining industry in S.E. Asia. 

2. No other nuclear analytical technique promises substantial 
benefit at an early stage. 

3. Some analytical problems were identified which could be resolved 
by using commercially available equipment. 

4. The full realisation of economic benefits from the use of 
EDXRF techniques will require a development programme to 
optimise techniques and to ensure that equipment performance 
is matched to particular operational requirements. 

5. The responsibility for this type of development requires strong 
liaison with the tin industry and could constitute an important 
future role for the SEATRAD Centre. To carry out such work 
successfully one member of staff will require training and a 
basic EDXRF laboratory will have to be equipped. 
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TABLE 1 

SEATRAD Centre 

Professional Scientif ic Staff, June 1979 

Dr. Abdullah Hasbi bin Hj. Hassan, Director (Malaysia) 

Dr. Robert Kern, Chief Technical Adviser 
(UNDP attachment) 

Mr. Boy Ismail. Geologist (Indonesia) 

Mr. Ali Faknruddinmattjik, Mineral processing 
engineer (Indonesia) 

Mr. Kic Watanaboraikitkul Mineral processing 
engineer (Thailand) 

Mr. German Zambrana, Mineral processing 
engineer (three-year 
attachment, Bolivia) 

In addition one mining engineer i s to be recruited from 
Thailand and (probably) one chemist from Malaysia. 
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TABLE 2 

General aims of the SEATRAD Centre 

The aim of the Centre is to promote, coordinate and harmonise 
all activities relating to the development of the tin industry 
in all member countries with a view to achieving the following 
particular objectives: 

To stimulate, conduct and coordinate research in the 
tin industry on technical and economic aspects of 
exploration, evaluation, mining, mineral processing 
and smelting; 

To conduct studies on problems associated with the 
beneficiation of tin ores and complex ores containing 
significant percentages of fine-grained tin-bearing 
minerals; 

To collect, collate and publish statistics and data 
of importance for the continued prosperity of the tin 
mining industry; 

To increase the technological knowledge within the 
industry by establishing training courses, promoting 
lectures, symposia, on-the-job and other means of 
training and development of personnel within the mining 
sector of member countries; 

To provide advisory services and to carry out, commission 
or promote the study of scientific, technological and 
economic aspects of development of the tin industry; 

To provide a forum for the exchange of knowledge and 
discussion of problems relating to all aspects of the 
tia industry; 

To engage in any undertaking, conduct any act, or do 
ail such other things as may appear desirable, incidental 
or conducive to the attainment of the above objectives, 



Itinerary 

JUNE 
Mon. 11th Discussions with staff of SEATRAD Centre. 

Tue. 12th a.m. Field visit to Mines Research Institute 
prospecting unit to see Hand Banka and 
Meca Banka drilling rigs in operation. 

p.m. Visit to Kampar to SEK gravel pump mine. 

Wed. 13th c) .ir,. Visit to Gopeng Consolidated gravel pump mine. 

p.m. Visit to BEH Minerals SDN Berhad to see various 
reconcentration techniques and equipment in a 
by-products re-treatment plant. 

Thu. 14th Visit to Tronoh Mines, Ayer Kuning to see 
dredging and associated treatment plant. 

Fri. 15th a.m. Lectures to invited audience on: 
(i) Neutron techniques for minerals analysis, 
(ii) Energy dispersive X-ray fluorescence in 

minerals analysis. 

p.m. Discussion period. 

Sat. 16th a.m. Lecture to staff of SEATRAD Centre on the use 
of radioisotope tracer techniques for flow 
measurement. 

p.m. Visit to pewter factory. 

Sun. 17th Travel to Kuala Lumpur. 

Mon. 18th a.m. Discussion with Dr. Noramly, Director of 
Tun Ismail Atomic Research Centre. 

p.m. Lecture at Geology Department, University of 
Malaya. 

Tue. 19th Discussions with staff at SEATRAD Centre. 

Wed. 20th a.m. Discussions with staff at SEATRAD Centre. 

p.m. Visit Analytical Laboratories, Malaysia 
Institute of Geology. 

Thu. 21st Depart Ipoh. 



TABLE A 

SOME IDENTIFIED ANALYTICAL REQUIREMENTS 

Analytical 
application 

Principal 
element 
present 

Concentration 
range 
Z 

Other 
elements 
present 

\nalyte 

A. Seatrad Centre 
Laboratory analyses: 

(i) Concentrates 
after flota
tion. 

(ii) Before puri
fication 

Sn 

Sn 
Fe 
As 
Pb,Zn,Cu 

0.1 - 30 
1 - 60 

0.1 - 30 
1 - 60 

Zerc - a few 
Total 4Z max 

Fe Sn • Fe 

Sn + Fe 

B. Commercial 
Analysis of: 
Dredge 
concentrates; 
Jig concentrates: 
sluice concentrates 
(This analysis is 
also a requirement 
at Mines Research 
Institute). 

Sn 
Fe 
Ta 
Ti 
Si 

0.1 - 30 
0.1 - 20 
0.1 - 1.0 
Zero - 30 
Zero - 30 

Sn + Ti • Ta 
• Fe. 

1 
C. Commercial 

Analysis of: 
Tailings from 
alluvial deposits 
with no other 
heavy minerals 
present. 

Sn 
Si 
Fe.Al.Ca 

0.1 - 0.5 
•*40(as Si02) 

•+2 - 3 
Sn 

D. Commercial 
Analysis of product 
streams in re-on-
centrating plant: 

Tin-stream 

Ilmenite stream 

Sn 

Sn 
Fe 
Ti 

60 - 70 
(in SnOo) 
1 - 2 L 

0 - 1 

-V30 

Ta (+ 
others) 

Sn • Ta 

Sn • Fe • Ti 

1 
See Table 5 cont'd., 

file:///nalyte


TABLE 4 c o n t d . , 

f " - — — — — * — — — — — — — 

A n a l y t i c a l 
a p p l i c a t i o n 

P r i n c i p a l 
element 
p r e s e n t 

C o n c e n t r a t i o n 
range 

Other 
e lements 

p r e s e n t 

1 

Analyte 

Monazite s t ream Sn 0 - 1 
Th0 o 

Re ox ides 
4 - 6 

50 - 60 
Sn 

Zircon s t ream Sn 0 - 1 
«60 - 65 

SiZr04 
Z r 0 2 

i 
Sn 

%0 - 1 T i 0 2 Ti ( i f 
present) 

Xenotine stream Sr. 0 - 1 
Th0 2 

Re oxides 
1 - 3 

Remainder 
Sn 

Struverxte stream Sn 0 - 1 
Ta T a 2 0 5 ^ 1 0 

N b 2 0 5 » 1 0 

Sn + Ta + 

Nb 

T a 2 0 5 ^ 1 0 

N b 2 0 5 » 1 0 
Fe + Nb 

Ti 30 
Fe 10 

E. Explora t ion 

Analys i s of t i n 
in l imes tone : Sn O.i - 3 CaCo 

Nb)might 
Sn + 

primary l ode , 
CaCo 
Nb)might (Nb + Ta + 

sedimer;. samples Ta)not be 
W ) pre sent 

v , i f 
! p r e s e n t ) 
i 

F . Explora t ion ! 
i Ana lys i s of t i n t 

J in g r a n i t e s : Sn O.i - 3 Sn 4 
! primary xode. 60 - 70 1 SiO,. 

1 *" 
i (XJ + 1h -•• 

i crushed roc*: 
| samples 

: 'J 

] . 6 

| A1_C, 

i " 
i 

i W, i f 
j p r e s e n t ; 

J . t» 

MgO 

Na,.0 
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TABLE 5 

Product streams in re-concentra t ing plant — commercial considerations 

The value of the product streams in re-concentrat ing p lan ts depends on 
current metal p r i ces . Consequently, output from product streams may 
be sold or stock-piled according to the elemental concentrations and 
operating metal p r i c e s . 

A general guide to the l ink bet.'een ana ly t ica l need and commercial 
value i s given in Table 5 below (Confirm Section D in Table 4 . ) 

Product 
stream Comment 

Tin Normally ̂ 98% SnO.: commercial value relates to tin 
content. 
Normally ̂ 98% SnO.: commercial value relates to tin 
content. 

Ilmenite Fe + Ti content together govern market value. 
Sn content required to ensure minimal waste. 

Monazite (i) Total rare earth oxides content: should 
exceed ^57% (excluding ThO_). Market on 
rare earth content only. 

(ii) TiO-: required <0.7%. 

(iii) Sn: analysis required for waste control. 

Zircon ZrCL: should be >60Z. 

TiC« : if TiO <0.1% the material is of ceramic 
grade. 

if TiO. >0.1Z the material is foundry grade 
and has lower market value. 

Sn: analysis required for waste control. 

Xenotime v
2 0 g : Minimal required concentration, 30%. 

Sn: analysis required for wast* control. 

Struverite Commercial value requires: 

Ta 20 5: «10%. N b ^ : *8X. Sn: <AX 

Ti0 2: typically 55%, but concentration not so 
important commercially. 
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TABLE 6 

Conservative estimate of the performance of EDXRF equipment when 
related to the analytical problems identified in Table 4 

Each analytical requirement has been considered. Approximately 75% 
of the cost of each low resolution system is common to each applica
tion. The differences in equipment for each application result from 
the preferred selection of source (radioisotope or X-ray tube), 
detector (scintillation or proportional counter), number of elements 
to be analysed and the measurement technique. 

Reference 
application 
in Table 4 

Analytical comments 
Technique; equipment; development; costs 

EDXRF low resolution syster. with proportional counter 
and radioisotope source: 20 second measurement per 
element determined. 

If mixture of Sn02 in Fe203,correction for changes in 
y at high Fe concentrations required. Little matrix 
absorption effects on Sn determination. 

Accuracy at 1.0% Sn +_ 0.2% (95% c.l.) 
30% Sn + 2% (95% c.l.) 

Accuracy at 30% Fe +_ 2% (95% c.l.) 
60% Fe +_ 3% (95% c.l.) 

Development: 

(1) Measurement on samples required to confirm 
accuracies quoted and to determine method of 
correcting for variations in gross absorption 
at low (high Fe) concentrations. 

(2) Design and construction of special sample 
presenter. 

Estimated development costs: 

(1) £3k 
(2) £5k 

Estimated price of complete equipment: £5k - £7k. 

cont'd 
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TABLE 6 cont'd., 

Reference 
application 
in Table 4 

Analytical comments 
Technique; equipment; development; costs 

EDXRF low resolution system using scintillation 
counter for Ta K, Sn K measurements and proportional 
counter for Fe K, Ti K measurements. 20 second 
counts per element determined. 

Tantalum "^^s'Tsment relatively difficult: estimated 
accuracy +_ 0.2% (95% c.l.). 

Accuracy for Sn at 1% Sn +_0.1% (95% c.l.) 
at 30% Sn +_ 2% (95% c.l.) 

for Fe at 2% Fe +_ 0.2% (95% c.l.) 
at 20% Fe +_ 1% (95% c.l.) 

for Ta at 1% Ta +_ 0.2% (95% c.l.) 
at 30% Ta +_ 0.4% (95% c.l. high Sn 

contents) 

for Ti at 1% Ti +0.05% (95% c.l.) 
at 30% Ti +_ 0.5% (95% c.l.) 

Accuracies quoted assume 4 sources of optimum energy 
are used for each elemental determination. 

Accuracies would be decreased by a factor of two to 
four if all analyses are made using a single source. 

Development: 

(1) Sample measurements to be carried out to cover 
complete range of concentration variations of 
elements which occur together. 

(2) Design and construction of special sample 
presenter capable of accepting four sources. 

Estimated development costs: 

For (1): £3k-£5k depending on the number and com
plexity of samples. 

For (2): £5k. 

Total cost of equipment: 

£6k to £8k. Final equipment would allow easy 
setting up and operation. 

cont'd., 
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TABLE 6 -ont 'd . , 

Reference 
application 
in Table 4 

Analytical consents 
Technique; equipment; development; costs 

C EDXRF low resolution system: scintillation counter, 
radioisotope source 20 second measurement time. 

Accuracy +_ 0.05Z Sn (95Z c.l.) 

Development required: 

C 

Measurement on samples to confirm quoted accuracy. 

Development cost: 

C 

£Ik depending on number of samples. 

Equipment cost: 

C 

*£5k. 

D 
Tin stream 

Most difficult problen. Possibly could use advan
tageously X or y-r&'j backscatter or transmission 
techniques at 2 different energies. 

Low resolution system, scintillation counter. 

Estimated accuracy; 

D 
Tin stream 

Ta + 1Z (95Z c.l.) by EDXRF 
Sn +. 5Z (95Z c.l.) by EDXRF 

Development: 

D 
Tin stream 

Comparison of techniques. Need more information on 
concentrations of other elements that amy be present 
and probability of occurrence. 

Development costs: 

D 
Tin stream 

Initially £2k to determine if an acceptable solution 
is possible. 

Additional £3k for design and development of a 
special probe. 

Cost cf equipment: 

D 
Tin stream 

Assuming an acceptable solution as suggested: 
£5k - £7k. 

D 
Ilmenite stream EDXRF low resolution system; scintillation or prop

ortional counter; radioisotope excitation; 20 
second count per element. 

cont'd., 
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TABLE 6 cont'd. , 

Reference 
application 
in Table 4 

Analytical consents 
Technique; equipment; development; costs 

D 
Ilmenite stream 
cont'd., 

Accuracy: 
For Sn at 1Z Sn + 0.05Z (95Z c.l.) 
For Fe at 25Z Fe + 1Z (95Z c.l.) 
For Ti at 30Z Ti +_ 1Z (95Z c.l.) 

Development: 
Measuremenc on samples to confirm accuracies quoted. 

Cost of development: 
£lk. 

Cost of equipment: 
£5k - £7k. 

D 
Ziron stream Difficult to determine Sn accurately due to high 

absorption by Zirconium. Titanium very difficult 
to analyse accurately due to high absorption by 
zirconium. 

Accuracy: 
For Sn at 1% *Sn • 0.2Z (95Z c.l.) 

D 
Monazite and 
Xenotime 
streams 

Difficult to measure Sn accurately due to high 
absorption by rare earths. 

Accuracy: 
For Sn at 1Z *Sn + 0.2% (95Z c.l.) 

If monazite content required, Th content could be 
determined by measurement of natural-y intensity. 

D 
Struverite 
stream 

EDXRF low resolution system: proportional counter 
radioisotope source, 20 second measurement per 
element. Tin difficult to analyse successfully 
due to high absorption by niobium and tantalum. 

Accuracy: 
For Sn at J% Sn *+ 0.2Z (95Z c.l.) 
For Ta at 10Z Ta *+ 0.3% (95Z c.l.) 

(L X-ray excitation) 
For Nb at 10% Nb *+ 0.2% (95Z c.l.) 
For F« at JOZ Fa «• 0.5% (95Z c.l.) 

cont 'd . . 
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TABLE 6 cont'd. 

Reference 
application 
in Table 4 

Analytical comments 
Technique; equipment; development; cost 

D 
Struverite 
stream contd., 

Development 
Measurement on samples to confirm accuracies quoted. 

Cost of development: 
£2k. 

Cost of equipment: 
£5k - £7k. 

Straightforward analysis using existing equipment 
if need is only to determine Sn content. 

EDXRF low resolution system: scintillation counter 
if only to measure Sn; proportional counter if 
required to measure Nb, Ta, W. Need balanced 
filters to differentiate between Ta L and W L X-rays. 
Radioisotope excitation, 20 second measurement time 
per element. 

Accuracy 
For Sn at 1% Sn +_ 0.5% (95% c.l.) 
For Nb at 1% Nb ̂ 0 .1% (95% c.l.) 
For Ta at 1% Ta +_ 0.3% (95% c.l.) 
For W at 1Z W + 0.3% (95% c.l.) 

Assume use two sources, one for Sn and Nb and a 
second for Ta and W. 

Development 
(1) If only to determine Sn, measurements on about 

10 samples are required to confirm accuracy. 

(2) If it is required to determine Sn, Nb, Ta, W, 
development and production of a special 
measuring head to accept two sources will be 
necessary. 

Cost of development 
(1) £1k. 

(2) £5k. 

Cost of complete equipment £5k-£7k depending on 
number of elements to be determined, 

cont'd. , 
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TABLE 6 cont'd. 

Reference 
application 
in Table 4 

Analytical comments 
Technique; equipment; development; cost 

Similar problem to that in E above but less severe 
matrix absorption. 

EDXRF low resolution system; scintillation counter 
if only required to measure Sn, proportional counter 
if required to measure Sn, Nb, Ta, W. Radioisotope 
excitation, 20 second count for each element. 

Accuracy 
For Sn at 1% Sn + 0.05 (95% c.l.) 
For Nb at 1% Nb + 0.05 (95% c.l.) 
For Ta at 1% Ta + 0.2 (95% c.l.) 
For W at 1% W + 0.2 (95% c.l.) 

Assume use two sources, one for Sn and Nb and a 
second for Ta and W. 

Development 
(1) If only to determine Sn, measurements of about 

10 samples are required to confirm accuracy. 

(2) If required to determine Sn, Nb, Ta, W, devel
opment and construction of special measuring 
head is needed to accept two sources. 

Cost of development 
(1) Elk. 

(2) £5k. 

Cost of equipment £5k - £7k depending on the number 
of elements determined. 
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TABLE 7 

Prospective sample analysis during mineral processing 

(a) Analyte concentrations 

Ore Concentrates and 
intermediate Tailings 

Analyte e lemental content 
Z concentrates 

Z 
Z 

Sn 0.5-2.5 20-40 (up to 76) 0.01-0.5 
Fe 0.1-20 (up to 60) 5-60 0.1 -60 
W (0.01) 0.1-2 1-20 (up to 60) <1 
Ta (0.01) 0.1-2 2-20 (up to 70) <1 
Nb (0.01) 0.1-2 2-20 (up to 55) <1 
Ti 0.1-5 0.1-30 
Cu 0.1-3 <50 <1 
Pb 0.1-3 <70 <1 
Zn 0.1-3 <60 <1 
Sb 0.1-3 <60 <1 
As 0.1-5 <20 <1 
Ca 0.1-40 0.1-40 
(Al) 0.5-15 5-20 
S 0.5-5 1-40 

(b) Expected matrix variations 

Analyte 
Ore 

elemental content 
Z 

Concentrates and 
intermediate 
concentrates 

Z 

Tailings 
Z 

Fe 

Ca 
Al 
Si 

1-30 (up to 60) 

0.1-40 
0.1-20 
0.1-45 

5-60 

0.1-30 
0.1-10 
0.1-5 

1-30 
(up to 60) 

0.1-20 
0.1-45 
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TABLE 8 

Proposed techniques and equipment for the analyses identified in 
Table 7 

Analytical 
application Analytical comments 

General 
comments 

Individual elements can be determined using low 
resolution systems incorporating either a scintil
lation or proportional counter and excitation by a 
radioisotope source. 

Problems 

Pb L has the same pass band as As K a r a 
Ta L has the same pass band as Cu K o a 
WL has the same pass band as Zn K 
a r a 

Except when measuring concentrates it is better to 
use a high resolution system incorporating a Si (Li) 
semi-conductor detector and either a radioisotope 
source or an X-ray generator producing monochromatic 
radiation. 

Analysis of 
tailings 
content 

Due to the high variation in iron content there is 
need to correct for matrix absorption effects. 
Hence, energy of the Fe K absorption edge must not 
be between the energy of exciting and fluorescence 
radiations. 

241 238 All elements could be measured by using Am, Pu 
and 55pe sources but up to three separate measure
ments for each sample would be needed. 
Alternatively all elements could be determined 
simultaneously by using an X-ray generator and 
multi-energy excitation energy selector. 

Analysis of 
tailings 
content 

Accuracy 
Most elements (except Al, S, Ca, Fe) can be 
determined to between + 20 ppm at the 500 ppm level 
in a 100 second measurement time by optimising the 
energy of the exciting radiation. 

cont'd., 
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TABLE 8 cont'd., 

Analytical 
application Analytical comments 

Analysis of 
tailings 
content 
cont'd., 

Development 
(1) Measurement on samples is required to confirm the 

accuracies for a particular problem. Develop
ment will include optimisation of the energy of 
exciting radiation and establishing correction 
techniques for matrix absorption due to variations 
in Fe content. 

(2) Development of a special sample presenter will be 
required for use with up to three radioisotope 
sources. 

(A sample presenter for use with the X-ray generator 
is already available). 

Estimated development costs 
(1) £5k-£10k depending on the number of samples and 

on the number of elements to be determined. 

(2) £3k (none if X-ray generator used). 

Estimated price of equipment 

£20k-£30k depending on use of radioisotope or X-ray 
generator and on degree of automatic, computer 
controlled data analysis and recording. 

Analysis of 
ores: 
(i) Using 
high resolu
tion system 

(ii) Using low 
resolution 
system 

The same higb resolution system described for the 
simultaneous analysis of tailings is suitable for this 
application. Elemental accuracy will, however, 
decrease at the higher elemental concentrations. 
Typical values using 100 second counting times are: 

+_ 20 ppm at 500 ppm 
+_ 50 ppm at 5000 ppm 
+ 200 ppm at 5% 

;'.' '.'1 opmenl. and costs as for tailings application 

-,,ig a Low resolution system with a scintillation or 
."'iport ional counter and radioisotope excitation, 
• "ct.jil elements could be determined to an accuracy 
! '• 0 ,'i5-0.2% in a measurement time of 20 sees per 

i i' However, in order to determine the concen-
•"• . i nil the elements (except Al, S, Co, Fe) 
. .ii \niices and many pairs of balanced filters 

• j'-iir- per element) will be required. 

file:///niices


TABLE 8 cont'd., 

Analytical 
application Analytical comments 

Analysis of 
ores cont'd., 

Development 
(1) Measurements on samples to confirm the accuracy 

quoted for each particular application. 

(2) Development of a multi-source measuring head if 
necessary. 

Development costs 

(1) £lk-£5k depending on the problem. 

(2) Up to 3k depending on the problem. 

Estimated costs of equipment 
£5k-£8k depending on the number of elements required. 

Analysis of 
concentrates 

Concentrates would normally be determined using a 
low resolution system. However, a high resolution 
system would be suitable for measuring all elements 
except Al and S, and would be easy to set up. It 
would allow impurity elements in the concentrat.es 
to be determined independently. 

/Accuracies obtainable:-

Accuracy of all determinations decreases at the 
higher concentrations. 

Although accuracies will vary from one element to 
another, typical values would be:-
Low resolution system (20 seconds per element) 

+ 0.1% at 5% (95% c.l.) 
+ 0.5% at 202 (957. c.l.) 
+. 17. at 50% (95% c.l.) 

High resolution system (100 seconds per element) 
+_ 50 ppm at 0.05% (95% c.l.) 
+_ 200 ppm at 5% (95% c.l.) 
+ 1000 ppm at 20% (95% c.l.) 
+_ 3000 ppm at 50% (95% c.l.) 

Costs 

Development and equipment costs of the lower resolu* 
ticm system are similar to those given for ore 
analyses. 
Development and equipment costs of high resolution 
•:ysttm are similar to those given for tailings 
•'l| ll ', EOS. 

http://concentrat.es
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TABLE 9 

Required analysis of geochemical samples 

(a) Expected analytes and concentration range 

Analyte Probable concentration range 
ppm 

Sn 5 - 1000 
Nb 5 - 200 
Ta 5 - 200 
W 5 - 1000 

Th 5 - 100 
Y 5 - 100 
Ce 5 - 100 
Ba 1 - 100 
Le 1 - 100 

Co 5 - 1000 
Pb 5 - 500 
Zn 5 - 1000 
Co 5 - 100 
Ni 5 - 1000 

As 20 -10000 
U 1 - 100 
An 0.01 -
Mo 2 - 1 0 0 

cont'd.. 
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TABLE 9 cont'd. , 

(b) Expected variations in concentration of Matrix elements 

Element 

Expected concentration variation 

Element Stream 
sediments 

Z 
Soils 

Fe 

Al 

Si 

Ca 

Hg 

0 - 1 0 

0 - 2 0 

5 - 4 0 

0 T 20 

0 - 1 0 

0 - 1 0 
(exceptions.ly 20-40) 

0 - 2 0 

5 - 4 0 

0 - 4 0 

0 - 1 0 
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TABLE 10 

Proposed techniques and equipment for the analyses identified in 
Table 9 

General comment 

Much work has already been carried out using monochromatic X-rays to 
excite simultaneously at least 16 elements in soil and stream sedi
ment samples. Detection is by using a high resolution Si (Li) 
semi-conductor detector. 

Although some of the elements, particularly Sn and Ce could be 
determined using radioisotope sources, an X-ray tube source allows 
low limits of detection to be obtained for all analytes. 

The equipment could be used in the laboratory or it could be packaged 
for transport and use in the field. A small vehicle (e.g. a Landrover) 
would be adequate. 

Area of 
analytical 
interest 

Comments 

Optimisation of the 
energy of exciting 
radiation. 

Elements listed in Table 9 can be divided into 
three main groups, different energies of excit
ing radiation being used to excite each group. 

Group 1 Sn, Ce. 

Group 2 Mo, Nb, Y, As, Th, U. 

Group 3 Pb, Zn, Cu, Ni, Co, Ta, W. 

Note: Cobalt is difficult to measure due to 
interference of Fe K X-rays. Be, Li, Au 
cannot be determined. 

Matrix absorption 
effects 

Provided the energy of the exciting radiation 
is optimised, matrix absorption effects caused 
by variations in the concentration of high 
absorbing elements in tne matrix can be 
allowed for by making a separate measurement 
of the intensity of Compton scattered exciting 
X-rays. 

cont'd., 



TABLE 10 c o n t ' d . , 

Area of 
analytical 
interest 

Conments 

Limits of detection 
(equivalent to 
expected accura
cies of analyte 
determination) 

The accuracies obtainable depend on the 
energy of the exciting radiation compared 
to the energy of the absorption edge of 
the element being excited. 

Accuracies already obtained for soil and 
stream sediment samples and derived by 
direct comparison with standard laboratory 
analyses are given below for 100s count 
time. Results quoted include errors in 
the chemical analyses so that EDXRF errors 
are smaller than quoted. 

Mo 7 
Y 8 
U 5 
As 20 
Zn 5 
Ni 5 
Sn 30 
Pb 5 

All values are in ppm at 95% c.l. 

Development As the technique is well established the only 
development required would be to confirm the 
accuracies obtainable for a limited number 
(>50) typical geochemical samples from 
Malaysia. 

Costs: 

Development cost 

Equipment cost 

Development costs: £5k 

Equipment costs: £25k-£35k depending on the 
degree of automation and extent of required 
data handling facilities. 
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1. Sub-Project Objectives 

The objectives of this Sub-Project is to 
a. Significantly upgrade the infrastuctures of participating RCA countries 

through specialized training in the design, operating characteristics and 
maintenance practices of industrial nucleonic control systems for use 
in production manufacturing plants 

b. Increase the Regional participation of commercial manufactures of 
industrial nucleonic process control equipment through 
i. the provision of specialized training in the applications, use and 

maintenance of such equipment by industries in Japan 
ii. through the conduct of surveys and marketing studies to establish 

demand", and commercial opportunities and 
iii. establish, as commercial opportunities develop, local manufacturing, 

sales and service programmes. 

2. Regional Profile - Nuclear Instruments Maintenance Practices in RCA Countries 

The International Atomic Energy Agency (IAEA) carried out a survey 
of nuclear instruments maintenance practice and problems in RCA countries 
during 1977 and 1978. The survey demonstrated that all countries are experiencing 
similar problems of malfunctioning instruments causing undesirable disruption in 
their use. Many factors contribute to these difficulties including severe en
vironmental conditions, absence of factory-based service engineers, lack of 
qualified local technical staff, and shortage of spare parts. Inadequate main
tenance causes a waste of scarce human and economic resources: production-manu
facturing operations are interrupted with concomittent economic losses, instru
ments degrade, and production personnel are underemployed. 

The IAEA survey was designed so that persons having primary responsibility 
for preventing, detecting, and repairing (or arranging for the repair of) break
downs supplied all request data and information. Accordingly, eight national 
co-ordinators, appointed at the Agency's request by the Governments of Bangladesh, 
Irdi?, Malaysia, Pakistan, the Philippines, Singapore, Sri Lanka, and Thailand 
carried out the survey. They assisted the staff of the participating laboratories 
in the completion of questionnaires and report forme and wrote a report on their 
findings regarding their countries. In total, 93 nuclear instrument groups parti
cipated by supplying all or a part, of the requested information. 

The survey sought three distinct types of information. First, a questionnaire 
asked the participating countries about the location of using facilities, age, 
staff size, method of procuring instruments, maintenance facilities and practices, 
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Second, a questionnaire requested data on each individual instrument 
type, make, age, environment for use, existence of instruction 
and maintenance manuals, availability of spare parts, operation, tests and main -
tenance practices. Third, six monthly report forms provided for a record of 
operation and breakdown experience for each instrument over the period October 1977 
through March 1978. It is inevitable that differences arose in the interpretation 
of the questions and in the conscientiousness with which they were answered 
but the resultant data offer a more quantitative picture of maintenance 
problems than has heretofore been available. 

Besides providing data, the survey served a second important purpose 
of inducing each laboratory to confront its maintenance problems and to review 
its strategies for overcoming them. 

Evaluation of the data 
The evaluation below is based on 289 instruments for which full in

formation was submitted, representing 70 nuclear laboratories in the 8 countries. 
A rough estimate suggests that these 289 instruments collectively cost about 
$5,000,000. For their deployment substantial additional expenditures have also 
been incurred for laboratory facilities, staff training, etc. Hence failure 
to maintain these instruments in effective working order would compromise 
an investment of may millions of dollars. 

The instruments surveyed are classified in Table 1 for the 8 countries 
collectively, and in Table 2 for the individual countries. The instruments 
found in greatest numbers (second column of Table 1) were (l) scintilliation 
probe counters, (2) well scintillation counters, and (3) rectilinear scanners. 
They were found in all countries (Table 2) approximately in proportion to the 
numbers of nuclear laboratories. 

Three manufacturers supplied 66$ of all instruments, the next 7 supplied 
22$, and another 21 supplied the remaining 12$. Thus the co-operation of only 
10 manufacturers would be required to improve service and spare part supply for 
almost 90$ of the instruments. All instruments except 75$ of those in India were 
produced by foreign manufacturers. Half of the instruments were more than 5 
years old and one quarter more than 10 years. 

There are two important environmental factors which may strongly inter
fere with the proper functioning of instruments: the atmosphere in which they 
are kept and the AC electrical power supply. The survey disclosed that 75$ 
of the instruments were used in air-conditioned rooms, but that more than 60$ 
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c~ *s 
Tabic 1. Imtruimnt breakdown data segregated by instrument type 

Type Number of Number of Mean 
Instruments Breakdowns (long) Unavailability [%) 

Liquid scintillation 15 16(7) 30 

Well (manual) 45 13(4) 6 

Well (automatic) 25 25(4) 8 

Probe (single) 49 14(5) 6 

Probe (dual) 32 23(9) 11 

Scanner 66 68(14) 11 

Camera 14 14(5) 24 

Calibrator 31 7(5) 11 

Miscellaneous 12 1(1) 8 

Total: 289 181 (54) 11 

V / 

of the air conditioners were switched off during the nights, weekends, and 
holidays, thus allowing a builup of humidity in the air and a very detrimental 
condensation of water on instruments. 

Power failures occured frequently. One laboratory reported as many as 
27 during the six-month survey period. The very large fluctuations and 
surges which appear when the power supply is restored may be very destructive 
for electronic instruments. No data were collected on voltage fluctuations and 
surges. 

The survey supplied data on instrument failure rate, duration of resultant 
inoperation ("breakdown duration"), and types of failures. Furthermore, for 
breakdown durations a differentiation could be made among types of instruments 
and between short (^15 working days) and long (>15 working days) breakdowns. 



^ 

TtoMt.2- Instrumant breakdown data segregated by instrument type and by country 

Country A B C D E F G H 

T|pt Nl NB Nl NB Nl NB Nl NB Nl NB Nl NB Nl NB Nl NB 

Liquid Scintillation 1 1 1 1 0 0 1 1 2 2 1 0 6 7 ; 3 4 

Well (manual) 4 1 2 0 4 1 7 1 2 0 0 0 8 0 18 9 

Well lautom.) 0 0 2 1 1 2 5 3 4 1 1 0 10 *6 2 2 

Probe (single) 3 2 2 0 7 1 11 1 1 0 2 1 8 4 15 6 

Probe (dual) 3 2 1 0 2 0 3 0 0 0 1 1 9 4 13 16 

Scanner 2 3 3 0 8 1 10 4 1 0 2 3 19 27 21 30 

Camera 0 0 0 0 4 6 4 5 1 0 0 0 4 3 1 0 

Calibrator 2 0 1 0 5 2 8 2 0 0 1 2 10 0 3 1 

Miscellaneous 4 0 0 0 0 0 3 0 1 0 0 0 2 0 2 1 

Total: 19 9 12 2 31 13 53 17 12 3 8 7 ' 76 61 78 69 

Long break-downs 4 1 3 8 0 6 12 18 

Mean Unavailability 10% 4% 9% 8% 1% 34% 8% 14% 

Nl = Number of Initrumcnts 
NB - Number of Breakc^mni 

o o 



- 701 -

The numbers cf breakdowns reported are shown in Table 1 (third column) 
for ^\l countries taken together, with the number having "long duration" in 
parentheses. In Table 2 the numbers of reported breakdowns are given for each 
country. The reported mean failure rate for all instruments in all countries 
except one is approximately once a year. Segregated by instrument type, the 
failure rate for manual well counters, probe systems and radioisotope calibrators 
taken collectively is once in two years, whereas for automatic liquid scintillation 
counters, automatic well counters, scanners and gamma cameras taken collectively 
it is twice per year. In the country that was singled out, special circumstances 
make the data statistically not equivalent. The failure rates there were almost 
twice as high as in the other countries. 

The data on failure rate and breakdown duration have been combined to yield 
the total duration of instrument inoperation. When divided by Survey duration the 
result is the percentage of time the instrument was unavailable for use. Such data, 
pooled for each instrument type, are shown in the last column of Table 1. When 
the instruments were segregated by country (Table 2), rather large and apparently 
real differences were found among the countries. While the data do not reveal the 
causes of these differences, it. is noteworthy that the country with the best record 
had a well-functioning central maintenance service. Differences among individual 
laboratories were even greater than those among countries: 3 laboratories reported 
mean unavailability for all instruments exceeding 50%; 6 fell in the range 26-
35$, 7 in the range 16-25?, 8 in the range 6-15/&, and 23 in the range 0-15*. 
Twenty-three laboratories did not experience any failure at all. 

As for types of failures, among the l8l reported breakdowns, 73 were 
primarily mechanical failures of motors, readout devices, sample changers and other 
items. They greatly outnumbered the 31 failures of detector systems (high voltage 
supplies, detectors, photomultipliers and preamplifiers), the 15 low voltage power 
supply breakdowns and the 15 electronic circuit failures. The relatively high 
number of failures of detector systems may reflect an important role of humidity in 
causing breakdowns. The failures of low voltage power supplies may be caused in 
part by the fluctuations and surges of the AC power supply. 

The tables show that mechanically complex instruments were more likely to 
br ;ak down than simpler instruments, although these breakdowns did not necessarily 
lead to large mean non-operating times. For the other instruments the caoabilitv 
seemed to exist to repair most failures within a few days. 

Th^ group of short-duration breakdowns (<-15 days) comprised 127 failures, 
with a mean breakdown duration of h working dayo. The group of long-duration 
breakdowns ( >15 days) comprised 5'* faixures, with a mean breakdown duration 
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exceeding 3 months. The survey data revealed in par t the causes of these long 
delays, suggested by the following categor izat ion: 

l8-Waiting for spare parts 
2-Vaiting for mechanical par ts to be produced local ly 
9- Inabi l i ty of manufacturer's agent to solve the problem 
5-Lack of technical know-how of laboratory s taf f 
8-Red tape and slowness of o f f i c i a l r epa i r services 
3-Slowness of manufacturer's repa i r services 
1-Fabrication fa i lure 

l6-No indicat ion why repair took so long 

Thus, spare par t supply, lack of technical know-how and unavailable 
commercial maintenance service are major maintenance problems. 

K i s widely bel ieved, and i s confirmed by the survey, that d i f f icu l ty 
in tb supply of spare par ts is one of the main bott lenecks hindering quick repa i r . 
The survey disclosed tha t for only half of the instruments was a l i s t of par ts 
available and for only one quarter of them was a stock of spares maintained. 
The value of the stock for k3 instruments amounted to US$63,000. The cost for the 
spares needed for 112 reported breakdowns of 211 instruments in seven of the 
eight countries i s estimated very roughly a t US$17,000, whereas that for the spares 
needed for 31* long duration breakdowns i s estimated to be US$8,000. From the 
reported US$63,000 sto-k of spares , not more than a few thousand d o l l a r s ' worth 
were useful in correcting breakdowns that ac tua l ly occurred. Thus stocking spares 
i s an exceedingly costly means t o assure t h e i r a v a i l a b i l i t y . I t must be concluded 
that problems encountered in the supply of spare par ts are more organizat ional and 
administrative than f inancia l : d i f f i cu l t or complicated ordering procedures, 
lack of budget provis ions , excessive customs regu la t ions , d i f f i c u l t i e s in paying 
for the supplied p a r t s , e tc . 

The data show that 10% of the reported fa i lu res were repaired within an 
average of 1+ working days, indicat ing that to a cer ta in extent repai r s k i l l 
and means were avai lable . On the other ha:id, one quarter of the remaining fa i lures 
could not be repaired due to lack of technical know-how on the part of e i the r the 
manufacturer's agents or the laboratory s taff . The survey disclosed also that only 
one quarter of the laborator ies had a special area or workshop where instrument 
maintenance was carr ied out and only two t h i r d s of them had more than half the 
items on a short l i s t of equipment commonly used for instrument maintenance ( p l i e r s , 
screw d r ive r s , wrenches, soldering equipment, d r i l l , volt-ohm-ammeter, osc i l loscope) . 
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This gives a clear indication of the extent to which the laboratories 
depended on external personnel to perform even simple repairs. Main
tenance contracts existed for only 15% of the instruments. Satisfaction 
with commercial service received in the past two years was expressed for 
70$ of all instruments surveyed. The survey did not give any data about the 
level of know-how and experience of the personnel performing maintenance. 

For about 25? of the instruments, daily performance checks were reported 
and for another 255f, weekly checks. The remaining instruments were checked only 
monthly or occasionally. These figures suggest that the introduction of quality 
control for all instruments would certainly reveal more failures than found 
to date and allow for necessary reliability of the measurements. 

Remedial actions must aim at diminishing the frequency and duration of 
breakdowns. Frequency of failures can be diminished by appropriate conditioning 
of the environment. Air,humidity and temperature should be kept at an acceptable 
level all year. Dust, and at Institutes near the sea, salt, should be filtered 
out. For these purposes air-conditioners alone are often insufficient; de-
humidifiers and sometimes special filters may be needed. Furthermore, the 
severity of surges and fluctuations of voltages on the AC power lines should 
be reduced by the installation of dedicated power lines, separate earth lines, 
voltage stabilizers, isolation transformers, surge suppressors, and drop-out 
relays. Those wishing to condition their AC power supply should choose the 
possibilities best adapted to circumstances prevailing in their laboratories. 
Other means to keep failure rate low are preventive maintenance, daily care of 
instruments and proper operator training. 

Shortening of breakdown periods can be achieved by substantially 
increased numbers of trained persons in maintenance practices,arranging for 
quick supply of spare parts, arranging for the appropriate maintenance facilities 
and tools, and increasing local maintenance service from manufacturers. 

Reducing the failure rate is a technical problem that in principle 
can be solved although it requires zome investment. Shortening the breakdown 
period is more difficult since,apart from the training, for all necessary actions 
the improvement of existing administrative procedures, regulations and cortmuni-
cation channels is required. 

The IAEA conducted the survey to collect data which could guide it in 
instituting a Regional Co-operative Research Project to assist RCA Member States 
in solving the maintenance problems in Regional nuclear laboratories. The project 
wai started in Asia and the Pacific under the RCA Regional Co-operative Agree
ment in 1979. To date eight Member States of the Region have informed the 
of their wish to Join this project. 

Agency 
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The RCA project will assist countries and laboratories to improve the 
efficiency, reliability and quality of the work done in nuclear laboratories by 
introducing or improving maintenance strategies and by the rationalization of 
technical assistance and training programmes related thereto. It will deal with 
environment conditioning, preventive maintenance, quality control, spare part 
supply, training of maintenance and operator staff, selection of instruments, 
and the streamlining of administrative regulations. Co-operation between labora
tories in each participating Country and between the Countries of the Region 
will be encouraged since not every laboratory can employ high level main
tenance engineers, and not every country can have full training facilities. 

This IAEA Regional Co-operative Research Project for nuclear instrument 
maintenance compliments the UNDP Project plan for industrial nucleonic control 
systems by assisting in building up the infrastructure and expertise in basic 
nuclear instruments maintenance practices. 

3. Regional Requirement for UNDP Nuclear Instruments Maintenance Sub-Project 

Fundamental to enlarging and expanding industrial applications in RCA 
countries is the availability of required infrastructures at the local level 
for nucleonic process control systems. Failure to achievp this level of activity 
will seriously impact increasing industrial use with resultant loss of economic 
benefits. To the extent systems are put in place in industrial plants and factories 
any malfunctioning of nuclear instrumentation will result in loss'of production 
with concomittent economic losses. Accordingly, this Sub-Project is basic to 
all other Project activities. The rapid build-up of infrastructures and the 
accumulation of required competence and expertise through special .training 
and on-the-job work experience within the framework of this UNDP Project is 
essential. 

The plan of this UNDP Sub-Project is to provide real experience with 
respect to 

a. Actual on-line installation and use of industrial process control 
systems and , 

b. System failures and required maintenance practice. 
The achievement of this plan will be realized through establishment 

within the Japan Atomic Energy Research Institute (JAERI), in concert with 
Japan industry required specialized training and on-the-job work experience 
activities. JAERI along with private companied to include AJoha Company, Ltd., 
Dani Seckosha Company, Ltd., and Hitachi, Ltd. will make available, expertise 
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and facilities for training and experience in the design, operation and main
tenance of nucleonic industrial process control systems at a sufficient level 
to permit establishment of an enlarged Regional capability sufficient to 
support expanded, accelerated industrial applications. 

An output schedule is included in Annex 1. 

h. Sub-Project Plan and Budget 

a. Sub-Project Plan 

This Sub-Project provides special training for maintenance and use of nu
cleonic systems for industrial manufacturing and process control. The objective is 
to build a capability in each participating country for the design, operation, 
and maintenance of nucleonic systems, sufficient to support increased use of 
these systems in major Regional industrial segments over the 5 year term. 

Three training courses of three weeks duration will be offered at the 
Japan Atomic Energy Research Institute in co-operation with Japan industry. 
The courses will be designed to provide practical working knowledge of basic 
nucleonics, the design, technical factors, operating and maintenance practices 
for nucleonic systems used in production-manufacturing operations. 

Two month on-the-job training in manufacturing plants for nucleonic 
systems as well as in factories using such equipment will also be carried out. 
This training will provide a full working knowledge of maintenance practice and 
procedures sufficient for initiation of "in country" maintenance capabilities. A 
total of 5 participants per year, over the 5 year term of the Sub-Project, are 
planned for on-the-job training. 

Experts from manufacturers of nucleonics process control equipment 
in Japan will provide consultations to Regional industries on the applications of 
such equipment for production and process control along with performance of 
Regional marketing studies to establish the potential for a local manufacturing 
and service industry. 

b. Sub-Project Budget 
Government Inputs 

a. Provision of sa l a r i e s of counterpart s taf f adequate to meet requirements of 
the Project in each country 
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b . Co-ordinating with industry the provision of a l l physical f a c i l i t i e s for t r a in ing 
as well as required expert services 

c. Provide t rave l expenses within the country for p a r t i c i p a n t s , exper ts , and 
country counterparts 

d. Co-ordinate with local industry country plans and scheduling of the special 
t ra in ing a c t i v i t i e s 

Total Estimated Government Inputs $109,875 

UNDP Inputs: 

Equipment 
Experts (6.8 m/m) 
Fellowships 
Group Training (85 m/m) 

$ 2U,000 
$ 1*9,500 
$ 82,U00 
$ 93,000 

Total Estimated UNDP Input 
Total Estimated Sub-Project Cost 

£8U,200 
$39^,075 
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ATTACHMENT 1 

LIST OF 

COST FREE EXPERTS FOR THE UNDP PREPARATORY ASSISTANCE WORKING GROUP MEETING 

ON 

NUCLEAR INSTRUMENTS MAINTENANCE PLAN 

28 OCTOBER 1980, TOKYO, JAPAN 

Mr. Hiroshi Kashiwagi * 
Director 
Manager, 2nd Sales Dept. 
Aloka Co. Ltd., 
6 - 2 2 - 1 , Mure, M i t a k a - s h i , 
Tokyo, Japan 

Mr. Masataka Izawa • 
Japan Atomic I n d u s t r i a l Forum, I n c . 
Chief, Sec t ion for I n d u s t r i a l 
Program and Technology 
5-l», Ohtemachi, 1-chome 
Chiyoda-ku, Tokyo 100 
Japan 

Mr. Masatoshi Kobayashi* 
Es tabl i shment D i r e c t o r 
Takasaki Radia t ion Chemistry Research 
Es t ab l i shmen t , 
Japan Atomic Energy Research I n s t i t u t e 
1233 Watanuki-cho, Takasaki City 
Japan 

Mr. M. Yahima* 
Engineer , I n s t r u m e n t a t i o n Tilngineering 
D e p t . , Ins t rument Div. 
H i t a c h i , Ltd. 
Miro 17th Bldg. 
No. 26-5, 1-chome, Toranomon 
Minato-ku, Tokyo 105 
Japan 

Mr. Yasuyuki I b a r a k i * 
Aloka Co. Ltd . 
6 - 2 2 - 1 , Mure, Mi taka-sh i 
Tokyo, Japan 

Mr. Sueo Machi 
RCA Co-ord ina to r 
IAEA, Vienna 
A u s t r i a 

Mr. E.E. Fowler 
Chief Technica l Adviser 
UNDP I n d u s t r i a l P r o j e c t 
IAEA, Vienna 
A u s t r i a 

NOTE: • Cos t - f ree Exper t s 
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FORMAL STATEMENTS 

OF 
RCA MEMBER STATES1' AGREEING IN PRINCIPLE TO PARTICIPATE AND 
CONTRIBUTE TO THE UNDP REGIONAL RCA PROJECT FOR ASIA AND THE 
PACIFIC ON INDUSTRIAL APPLICATIONS OF ISOTOPES AND RADIATION 

TECHNOLOGY 

NOTE 1: The Governments of Malaysia and Pakistan have not to date submitted 
formal statements although they have verbally indicated their 
agreement in principle. 
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jstfa 
PERMANENT MISSION OF AUSTRALIA 

TOTHE INTERNATIONAL ATOMIC ENERGY AGENCY 
V I E N N A 

IA 154 
125/9/4 
23 September 1980 

Dear Professor Kakihana, 
IAEAt Regional Project on Industrial Application 

of Isotopes and rtaaiarion Technology 
I refer to your letter of 16 September 1980. 

As was indicated in the Australian statement to the General 
Conference on Monday 22 September, I wish to confirm that 
Australia agrees in principle to participate in the above 
Project. The relevant section of the Australian statement 
to the General Conference reads as follows: 

"We firmly believe that the RCA has considerable 
potential to develop practical programs of cocperation 
in the peaceful uses of nuclear energy and nuclear research 
in the Asian region. Consistent with this, Australia will 
also lend its support to the regional Project on the 
Industrial Application of Isotopes and Radiation 
Technology. This project represents a major development 
of the RCA's role, and holds out the prospect of 
significantly developing nuclear expertise and widening 
the use of nuclear techniaues in the region." 

Yours sincerely, 

(J. M. Rolland) 
Alternate to the 

Resident Representative 

Professor "H. Kakihana, 
Deputy Director General, 
Department of Research and Isotopes, 
1A£A, 
VIENNA. 
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Permanent Mission of Bangladesh 

65, cue etc I atisitmur 
1202 Geneva 

Mo. IU/lAEA/4(ix) September 1?, ll'SU 

The Perfnanant ".issJon of thii f-no p i e ' s 
Republic of Bangladesh presents i t s ccmplirniints to the 
In ternat ional Atcmic Energy .'.gency and u i th reference 
to the l a t t e r ' s l e t t e r No. L/7D4-2, dated 3-r.ntP.ry 30, 
19BC has the honour to inform that the Government of 
Bangladesh have bean pleased to agrae in pr inc ip le to 
pa r t i c i pa t e to the planned U'.'DP 5 years Indus t r i a l 
Project on the Application of Isotopes and Radiation 
Technology under RCA. 

The Permanent Mission of Ranyladesh ava i l s 
i t s e l f of t h i s opportunity to reneu to the In te rna t iona l 
Atomic Energy.Agency the assurances of i t s highest 
considerat ion. 



Shivshanfcci l* ?.1cnon Permonenf Mission ol India to fhe IAEA 
Al te rna te to ths Resident c*~-"-, \ 

-,-. „ . . - VIENNA I 
Representative 

P/4/C/878/80 July 30, 1980 

Sir, 

I have the honour to refer to your 
letter Ho.L-704-2 dated 16th April 1980 and to state 
that the Government of India have agreed in principle 
to participate in the RCA Project on Industrial 
Application of Isotopes and Radiation Technology. 

Accept, Sir, the assurances of my 
highest consideration* 

<4k^erk 
(Shivshdnkar Itenon) 

Deputy Director General, 
Department of Research and Isotopes, 
International Atomic Energy Agency, 
VIENNA. 



^SfttefanafconaC *-y$%&*n*G (OTtetrgpu- J^&aeriGp. 

No. : 155/DB-AT/VII/80 Vienna, 23 July 1980, 

Sir, 

I am referring to your letter of July 9, 1980, 
ref.no. L/704-2, concerning the UNDP Regional Project 
on Industrial Applications of Isotopes and Radiation 
Technology. 

I have also the pleasure to inform you that 
Indonesia would participate in the above mentioned 
project. Indonesia cq BATAN at present has three 
projects whose activities and scope of works are 
closely related to those of the UNDP project. These 
projects are financed through our annual budget, so 
that the budget allocated for the projects would 
constitute Indonesia's contribution to the UNDP project. 

I hope this information is sufficient for you, 
eventhough of course we would gladly supply additional 
details that you may require. 

Accept, Sir, the assurances of my highest 
consideration. 

Prof. H. Kakihana 
Deputy Director General 
Department of Research and 

Isotopes 
!• A. E. A. 
PO Box 100 
A • t 400 Vi ''-ina 

rono Nimpuno 
issadbr/Resident 

Representative to IAEA 

http://ref.no
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JAPANISCHE BOTSCHAFT 
W1EN 

J.E. 211/80 1 August 1980 

Sir, 

Referring to your letters dated 16 April and 9 July, 
1980, I have the honour to inform you that the Government of 
Japan agrees in principle on participating in and contributing 
to the 5-year UNDP Industrial Project. 

Accept, Sir, the assurances of my highest consid
eration. 

Koichi Takahashi 
Alternate to the Resident 
Representative of Japan 

to the IAEA 

Prof. Bidetake Kakihana 
Deputy Director General 
Dept. of Research & Isotopes 
I n t e r n a t i o n a l Atomic Energy Agency 
V i e n n a VIC Rm.A2377 



KSIJ5ASSY OK THK K K I T B I J C OI-' KOREA 

July 31, 1980 

Sir, 

With reference to your letter No.L/702-2 dated 
July 9, 1980 concerning the planned 5 year UNDP 
Regional Project for Asia and the Pacific on Industrial 
Applications of Isotopes and Radiation Technology, 
I have the pleasure to inform you that, as agreed 
at the 2nd RCA Working Group Meeting, the Korean 
Government is willing to participate in and contri
bute to the above mentioned UNDP industrial project 
in principal. 

Accept, Sir, the assurances of my highest 
consideration. 

* Myung Von' Shim 
Resident Representative 

to the IAEA 

Mr.H.Kakihana 
Deputy Director General 
Department of Research 
and Isotopes 
IAEA 
V i e n n a 
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Republika ng Pilipinas 
MlNISTRI NG ENERHIYA 

KOItftSYON WG LAiCAS ATCtflKA MG PIUPtMAS 
DON MARIANO MAfiCoi AVENUE. DIUMAN 

QUEZON C3TY 

Ttltpono Bl« 97- 60-111»15 2 5 J u l y 1 9 8 0 
ICchong Kor«o Big. 3 3 2 Uoynilo 
Kobltjromo. PHilATOUlC 

Dear Prof. Kakihana, 
In connection with your letter of 9 July regarding 

the planned 5-year UNDP Regional Project for Asia and 
the Pacific on Industrial Applications of Isotopes and 
Radiation Technology, I am happy to provide the follow
ing statement on behalf of the Philippine Government. 

The Philippine Government supports in principle 
the RCA Project on Industrial Applications of Isotopes 
and Radiation Technology for a 5-year UNDP Assistance. 
Within limits of the approved budget of the Philippine 
Atomic Energy Commission, necessary support and assist
ance will be provided to the Preparatory Assistance 
Project. We are iterating hereunder the level of com
mitment as previously stated during the Second Working 
Group Meeting of RCA Member States in Manila. Refer
ring to the Summary Report of said meeting, we are 
providing: 

1. Type II fellowships every year tenable at 
any institution in the Philippines. 

2. Use of the Philippine Research Reactor 
facilities. 

3. Training facilities and laboratories. 
4. Funds for at least one workshop in the country. 
5. In-country travel of experts and counterparts. 
6. Grants-in-aid funds for local scientists and 

institutions. 
With respect to formal approval of the UNDP Project 

Proposal| this will be done after the final documents 
shall have been received from the IAEA and reviewed at 
appropriate levels of the Philippine Government. 

Warmest reoards. 
Very truly yours, 

TJOiLO M.* BARTOLOME 
0 Commissioner 

Prof. H. Kakihana 
Deputy Director General 
Department of Research and Isotopes 
International Atomic Encrqy Agency 
P.O. Box 100 
Vienna, AUSTRIA 

cc: Director B.G. Villavicencio 
External Assistance Staff, NEDA 
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CtbU AJJrtu: MfNSClENCE 

Tikphont Ko: 649)67 

0»r ,f/ MS 155/69 Pt I I Vol I I 

r«»r t,J L/704-2 

MINISTRY Ol : 

SCIENCE A N D T E C H N O L O G Y 
$th Floor, Government Offices Building, 

Kaj- Siang Road, Sing.iporc 1024. 

18 Jul 80 

Prof H Kakihana 
Deputy Director General 
Department of Research and Isotopes 
International Atomic Energy Agency 
Vagramerstrasse 5, PO Box 100 
A-1400 Vienna 
AUSTRIA 

Sir 

I have the honour to refer to ycur letter of 9 Jul SO and 
am pleased to confirm our in-principle agreement to participate in 
the proposed 5 years UNDP Regional Project for Asia and the Pacific 
on Industrial Applications of Isotopes and Radiation Technology. 
Tou may also wish to refer to my earlier letter dated 13 Nov 79 
on the subject. 

Accept, Sir, the assurances of my highest consideration. 

roH JUI 
for PERMANENT SECRETARY 
(SCIENCE' AND TECHNOLOGY) 

/•• 



Qj&ntajQuffl Qjt» 
Ttliphont NOL J9SI 
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My Referenca J AEA/A/14. 

fioSecsigO 

YL . «eferenG* } L/704-2 
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ATOMIC ENERCY AUTHORITY 

{Boid>9 ©i9u, 
s£3g>trn to n>rrfuj,fj>j& 
Wijerima Mawatha 

Colombo J 

Cables: 'r.ANKATOM". 

Professor H.Kakihana 
Deputy Director General, 
Department of Research & Isotopes, 
International Atomic Energy Agency, 
P.O. Box 100, 
A-1400 Vienna, 
AUSTRIA. 

Dear Professor Kakihana, 

UNDP Regional Project for Asia and the Pacific on 
Industrial Applications of Isotope and Radiation 
Technology & Asian Regional Cooperative Project on 
Pood Irradiation. 

This is with reference to your letters of. 09 and 22 
July 1980, on the above projects. 

I wish to inform you that the Atomic Energy Authority 
agrees "in principle" to participate in the above 
two projects. Formal notification to this effect, 
will follow shortly, through our Ministry of Foreign 
Affairs. 

Thanking you, 

Yours sincerely, 

Dr. K. Granville Dharmawardeni 
Acting Chairman 
ATOMIC ENERGY AUTHORITY. 

• !>:nek/ 
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URGENT^ 
No. 9^7/2523 ROYAL THAI EMBASSY 

/-^ VIENNA 

6th August I960 

Sir, 

With reference to your Note No. 1/704-2 dated 9th July 
1980, regarding the 5 year UNDP Industrial Project, I have 
the honour to inform you that, from a communication received 
from the authorities concerned, the Thai Government agrees 
"in principle" to participate in the planned 5 year UNDP 
Regional Project for Asia and the Pacific on Industrial 
Applications of Isotopes and Radiation Technology. However, 
before giving a formal reply of participation in and 
contribution to the above-mentioned Project, the Thai Government 
would have to examine the details of each of the sub-projects 
after having received the final UNDP Project document. 

Accept, Sir, the assurances of my highest consideration. 

I (Manaspas Xuto) 
Governor and 

Resident Representative of Thailand 
to the IAEA 

Prof ester Hide take Kakihana -
Depulgr Director-General 
Department of Research and Isotopes 

International Atomic Energy Agency, 
Vienna. 


