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PRESIDENT’S COLUMN 

 

 
Mineral developments adopting proper scientific method highlighting conservation of 

strategic minerals do play an important role in the economic growth of the country. 

Sustainable methods of mining taking proper mitigating care of probable environmental 

hazards need to be practised. This demands adoption of suitable advanced technologies to 

win over the mineral resources with the generation of minimum waste and achieving 

optimum utilisation. Since recent past mining industries in various states have faced serious 

hazards affecting its growth and reducing the revenue generation of the states. Intervention 

of different commissions of enquiry and existing judiciary system has stalled the growth 

of the mining industries. In view of this Govt. of India have amended a new MMDR Act 

2015 and finalized different Rules, like Minerals (Evidence of Mineral Contents) Rule 

2015 on 17th April 2015, National Mineral Exploration Trust Rule 2015 and the Mineral 

(Mining by Govt. Company) Rule 2015 and Mineral (Auction) Rule 2015 on 20th May 

2015. Amendment of MMDR bill 2015 are going to simplify the process of acquisition of 

concessions and fixing tenure of concessions for 50 years shall help the stakeholders to 

implement sustainable methods of development planning resulting in better utilization and 

conservation of mineral resources. This needs participation of mining professionals on 

priority basis initially from identification of resources, assessment with adoption of newer 

exploration techniques and sustainable management of resources implementing suitable 

mining technologies. Contributions of mining professionals for achieving overall growth 

of mineral industries should not be undermined and ignored. 

 
DR. S.K. SARANGI 

PRESIDENT & EDITOR 
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ABSTRACT 

 

Mineral resources deposits comprise high grade (marketable) and low grade (non-marketable) ores 

together with high proportion of waste materials of little economic value. These are generally Non-

renewable but ultimately exhaustible in finite time (Terminal time of mine), although this time may be 

extended a little by further exploration efforts and research and development (R&D) activity to find 

new substitutes. Here, we do not consider augmentation of reserves by exploration efforts or by R & D 

efforts to find substitutes as these are highly risky and cannot be considered to succeed in finite time 

with any certainty. Hence, optimal mining and marketing of mineral resources with suitable treatment 

and disposal of ensuing waste materials to cause minimum damage to ecology and environment, and 

minimum health hazard is required. Ores from mines must be extracted at optimal rates so the industry 

remains economically sound and viable with benefits accrued to both owners and public. This would 

ensure good national economic and social growth as well as continued good health of people. 

 

Optimal decisions are necessary at all stages of mining operations such as the following: 

 

1. Mining including: Methodology to be used; optimal mine plans based on lowest assay 

boundaries and associated risks; Blocking of high grade, lean grade and wastes; Optimal 

dynamic extraction rates; Horizontal and vertical extensions of mineable ores in the mine as 

and when needed; 

 

2. Blending and Beneficiation including: Optimal (lowest) crushing size needed for blended ores; 

Optimal (lowest) grinding size needed for ore beneficiation; Locating and conserving high 

grade blocks for future use, Decisions for blocks need to be blended with high grade ores, 

Decisions on blocks to be sent to beneficiation circuits, Decisions on waste blocks that need 

not be sent to blending/beneficiation circuits. 

 

3. Waste management including: Generating minimal wastes at different stages of mining, 

transportation, blending, beneficiation, marketing; Decision on optimal waste treatment 

processes to be adopted so that health hazards are avoided, Optimal disposal of wastes with 

minimal damage to ecology and environment; 

 

4. Marketing including: Optimal classification marketable grade mix by blending and/or 

beneficiation, Future marketing of lean grade ores lying in situ or in dumps etc. 

 

The average grade of blended ore is calculated as the weighted arithmetic average of high grade assay 

and assay of lean grade ore with the corresponding weights of ore materials mixed as the weighting 

factor. Optimal mix of proportions of different grade blended ores may be necessary when more than 

two grades are marketable. 

 

 

I. INTRODUCTION 

 

Mineral resources are non-replaceable 

national assets which should be optimally 

utilized for sustainable economic growth, 

social benefits, improvements in health and 

life-quality without jeopardizing present 

ecology/environment for future growth. 

Mineral resources are characteristically non-

renewable and form prime assets for stable 

economy and quality of life. Optimal 

extraction and marketing strategies must be 

evolved under dynamic conditions of high 

risks in estimation of reserves and grades of 

mailto:bas_sahu@yahoo.co.in
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marketable as well as lean-grade resources for 

optimizing the net profits at present value 

under highly fluctuating pricing and 

marketing conditions and also resource 

augmentation through exploration efforts 

and/or technological substitutions, proper 

waste disposals and learning and updating. 

Maximizing the net present value (NPV = sell 

minus cost prices) of the marketed resources 

while minimizing damage to local ecology 

and environment and social improvements of 

local community seem essential to achieve 

sustainability. Capital must be generated at a 

faster rate than deployment for new 

discoveries, or R & D for technological 

substitutions and the accumulated capital thus 

helps in industrial and social growths and 

safeguard and improve life-quality of people. 

Mineral resources comprise high grade 

directly marketable ores but also contain 

considerable lean grade non-marketable ores 

as well as waste materials of little economic 

value which must be suitably treated and 

properly disposed to protect ecology/ 

environment. Mineral deposits are generally 

finite non-renewable resources which will be 

exhausted under constant/varying rates of 

extraction in some finite time, called terminal 

time to exhaustion, T.  This terminal time can 

be extended by augmentation by exploration, 

blending and/or beneficiation of lean ores, 

technological substitutions but is still finite 

time. Here we consider resource augmentation 

through blending and/or beneficiation of lean 

grade ores that cannot otherwise be marketed 

and create ecological hazards and these 

techniques are much less risky than 

exploration efforts or R & D effort for 

substitutions. Hence, it would be optimal to 

extract resources with suitable treatments of 

blending and/or beneficiation of lean grade 

ores that are inevitably associated with ore 

deposits. However, ore extraction rates and 

subsequent blending/beneficiation processes 

must be dynamically optimized. The net 

present value of resource is maximized to 

provide a stable and viable industrial growth 

with benefits to all including mine owners, 

national and state governments, and public at 

large. Therefore, proper planning, extraction 

and marketing policies would insure maximal 

national and social growths as well as 

sustainable life quality of people.  

Mineral resources are considered to be 

national or state government properties and 

are usually allocated/leased to national and/or 

private parties for a fixed time period for 

extraction of ores. Ill-effects of such 

allocations (such as many scams) can be 

overcome through various regulations, 

taxations and royalty schemes. It is suggested 

that heavy penalty clauses must be included in 

these regulations so that parties involved 

would not try to break these laws. Market 

complexities do induce high fluctuations in 

future prices and costs and involve great risks 

in all mining operations. Risk-aversionist 

mine owners and mineral-traders may plead 

for non-optimal rapid depletion of the 

valuable non-renewable high grade ores. 

Hence, time paths generated by resource 

markets are not necessarily at equilibrium and 

these paths are generally not the most efficient 

or optimal paths. Therefore, analyses of these 

past price and demand data must be performed 

with much care and foresight to provide sound 

decisions.  

Policy measures are basic to operation of 

economic and market systems since they 

could reduce market volatility and increase 

accuracy of future expectations. Better 

forecast techniques such as ARIMA (p,d,q) 

for non-seasonal and SARIMA (P,D,Q) for 

seasonal time series data (Sahu, 1982, 2003) 

and widespread dissemination of these 

forecasts would be most useful to avert risks. 

Reduction of government secrecy about future 

intentions/policies and maintaining longer-

term economic policies would yield better 

stability and benefits. When global price 

becomes low, mineral exporters should be 

adequately compensated for their loss and/or 

be provided with liberal credit facilities. If the 
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terminal date of exhaustion, T, of a mine be 

known (or estimable with accuracy), then 

optimal extraction rate/ depletion policy can 

be achieved for a closed economy (no export). 

Optimal rate of resource depletion depends on 

parameters such as discount rate, elasticity of 

marginal utility and of substitute product, 

productivity of substitutes etc. But the 

generated model would still be extremely 

rough as accurate estimates of most of these 

technological parameters are not available. 

Resource allocation for R & D activity to 

develop natural/technological substitute 

materials for scarce and exhaustible mineral 

resources is useful and very important. But, 

we know that finding substitute is a random 

process where the date of invention is 

extremely uncertain (purely random) and may 

take as much as 20 years (life time of a small 

mine). Hence, total cost of R & D may become 

very high, especially for small mines and they 

should concentrate on small technological 

researches to improve mining, blending, 

beneficiation, marketing etc. rather than to 

find technological substitutes. In any case, 

postponing intensive R & D activities to the 

last 5/6 years of a mine would be 

economically viable and prudent especially in 

a developing economy as India (Sahu, 2014).  

Although there exist extensive but finite low-

grade resources which can be upgraded to 

marketable products by suitable blending 

and/or beneficiation techniques, this only 

extends life of mine which will finally be 

exhausted. The prime high-grade deposits are 

much less available and will be depleted in 

finite terminal time T (say, maximum of 70 

years). Therefore, it would be prudent to 

estimate optimal rates of extraction, so that the 

Net Present Value after discounting of the 

mine is maximized in the long-run. Even if 

technological substitutes can be found in 

future, the date of availability and amounts of 

product are random variables with unknown 

probability densities for any accurate 

estimation of their parameters (Sahu, 2005, 

2013). Optimal decisions are necessary at all 

stages of mining and marketing operations and 

these are listed as follows: 

1. Mining Stage: Methodology adopted; 

mine plans in 3D based on lowest 

mineable assay surfaces and associated 

risk factors; blocking of high grade , 

lean grade and waste materials; 

dynamic extraction rates; Horizontal & 

vertical extensions. 

2. Blending and Beneficiation: Optimal 

lowest crushing and beneficiation sizes 

needed for blending and beneficiation 

(Sahu, 2010); Identification of high 

grade, lean grade and waste blocks for 

optimal mining and storing etc.; 

Conservation of high grade ore blocks. 

3. Waste Management: Wastes develop at 

mining, blending, beneficiation stages; 

optimal treatment and safe disposal 

avoiding health hazards and damage to 

ecology. 

4. Marketing: Optimal classes of 

marketable ores by suitable mix of high 

grade and lean grade ores; future 

marketing of lean ores in situ or in 

dumps using blending and/or 

beneficiation. 

 

In conclusion, mining of non-renewable 

resources (metallic, non-metallic, industrial 

rocks, gems etc) are highly complex non-

linear risky dynamic processes, and not yet 

completely understood or solved. The main 

problems are: (i) how to allocate exhaustible 

resource so as to make its marginal social 

value equal for all uses and constant over time; 

and (ii) how government should plan and 

conduct project exercises to achieve these 

goals. We highlight the utilization of non-

marketable lean ores by optimal blending 

and/or beneficiation techniques which would 

maximize economic growth, improves social 

benefits, and preserves ecology and 

environment (Sahu, 2008, 2010, 2012, 2013, 

2014).  

Solutions offered here are guidances rather 

than definite and categorical answers to 

complex problems.  



 

 
SGAT BULLETIN VOL.16, NO.1, JUNE 2015 

4 

 

II. OPTIMAL EXTRACTION RATES 
 

II.a. General Considerations 
 

An exhaustible mineral deposit may be 

characterized by initial reserve, 𝑆0, at present 

time, 𝑡0, and rate of extraction,  𝑅𝑡 , (t >o), at 

time t (t>𝑡0). The reserve at time t is 𝑆𝑡, given 

by: 
 

𝑆𝑡 =  𝑆0 - ∫ 𝑅𝑡
𝑡

0
 dt                              (1) 

 

And thus the integral is less than equal to  𝑆0.                                                      

(2) 
 

So, 

d𝑆𝑡/ dt = -𝑅𝑡 ; with 𝑆0 known and 𝑆𝑡>= 0. (3) 
 

From equation 2 gives lim (t-->0) 𝑅𝑡=0. 

However, 𝑅𝑡 cannot be predicted as present 

market price fluctuates over time and market 

price controls both economic extraction rates 

to keep profits positive; and the terminal time 

to exhaustion, T, of the mine. Assuming 𝑅𝑡 to 

be constant (R) over time T, then equation 1 

gives:    R = 𝑆0/T, where 𝑆𝑡= 0 (that is mine 

reached exhaustion).                              (4) 
 

In mining and many other industries, usually 

time is discretized to mainly years, but further 

into quarters and months etc. Let price at time 

t be 𝑝𝑡 and rate of return/interest denoted as, r.  

Price at time t + u,  

𝑝(𝑡+𝑢) =  ( 1 + 𝑟𝑡 u 𝑝𝑡) for  r(t) >0.        (5) 
 

In limit u tending to 0, we have a support price 

of : (d𝑝𝑡 /dt )/ 𝑝𝑡 = 𝑟𝑡                  (6a) 
 

Equation 6a does not include costs of mining, 

transportation and marketing and not useful. 

We must maximize the net present value of 

property as: 
 

𝑃𝑡 𝑆𝑡 =   ∫ 𝑃𝑡
𝑅∞

𝑡τ
𝑀𝑎𝑥  R (τ exp (-r (τ- t)) dt   (6) 

 

Where 𝑃𝑡
𝑅 is spot price and 𝑝𝑡 is initial reserve 

stock, R(τ) is extraction probability subject to 

the condition: 
 

∫ {R(τ) d(τ)} 
∞

𝑡
= 𝑆𝑡. ………………….(7) 

 

If R*(τ) is the optimal (maximal) solution to 

Eqn.6, then 
 

(d𝑝𝑡/dt)𝑆𝑡 + 𝑝𝑡(d𝑆𝑡/dt) = r𝑝𝑡𝑆𝑡 - 𝑃𝑡
𝑅𝑅𝑡*)  (8) 

 

From Eqn 7 we get 𝑆𝑡 = -R*, and hence we can 

write 

(d𝑝𝑡/dt - r𝑝𝑡) = (𝑝𝑡 – 𝑃𝑡
𝑅) (𝑅𝑡*/𝑆𝑡)        (9) 

 

Under competitive market stock price is equal 

to flow price (equilibrium). 
 

𝑝𝑡 = 𝑃𝑡
𝑅 and eqn.9 yields (d𝑝𝑡/dt )/ 𝑝𝑡 = r 

which is the Hotelling Rule (Hotelling 1931). 
 

Price of mineral resource is expected to rise in 

future with increasing population and 

consequent increase in demand as compared 

to the interest rate, r; the value of reserve(or 

stock) or maximum present value of sales is 

independent of actual extraction policy 

provided the entire stock is exhausted over 

time. Thus 𝑅𝑡* is not uniquely defined but 

varies with time t. Static and dynamic 

optimization of extraction rates, 𝑅𝑡*, are 

discussed in Sahu (2012) and Sahu (2014), 

respectively. 
 

II.b. Socially Managed Exhaustible 

Resource 
 

Let R = D(p) be the market demand decline 

curve for resource flow. Since dD(p)/dt is 

negative, we can invert to obtain p = 𝐷−𝑅= 

B(R) for convenience. The gross rate of 

consumer`s surplus at R as: 
 

∫ B(dR/dt)
𝑅

0
(d(dR/dt)). Planning board must 

maximize the present discounted value at an 

extraction rate 𝑅𝑡( t >= 0) in order to 

maximize  
 

∫ 𝑒−𝑟𝑡𝑡

0
{𝑆0

𝑅𝑡B (dR/dt) d(dR/dt)} dt ,      (10)  

subject to the constraints 𝑆𝑡 = 𝑆0 – ∫ Rτdτ
𝑡

0
 

and  𝑅𝑡 and  𝑆𝑡 both >= 0 for t >= 0. 

A feasible extraction policy (rate of extraction 

being positive at all times) is efficient if  𝑆0 

=∫ 𝑅𝑡𝑑𝑡
∞

0
. We obtain the optimal solution as 

(d𝑝𝑡/dt)/𝑝𝑡 = r. As desired, this optimal 

extraction policy is efficient and satisfies the 

condition of  

𝑆0 =∫ 𝑅𝑡𝑑𝑡
∞

0
. 

II.c. Reserve Exhaustion with infinite Time 

Horizon 
 

Assuming demand is linearly increasing with 

time, so 𝑝𝑡 = A– B.𝑅𝑡 with A and B both > 0. 

As long as reserves are positive, market 
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equilibrium price holds and spot price will be 

given by: 
 

𝑝𝑡  = 𝑝0 𝑒𝑟𝑡. Then, 𝑅𝑡 = A/B – [(𝑝0𝑒𝑟𝑡)/B]; 

with 𝑅𝑡 = 0 for 𝑝𝑡 >= A. 
 

Reserve will be exhausted at future time. Date 

of exhaustion, T, will be at A where demand 

falls to zero. 
 

Initial price 𝑝0* is given by  𝑝0*𝑒𝑟𝑡 = A and T 

is obtained from the relation: 
 

∫ 𝑇𝑅𝑡𝑑𝑡
𝑇

0
=∫ {(A/B) – (𝑝0 ∗ 𝑒𝑟𝑡/B)} dt

𝑇

0
=𝑆0 

 

III. R & D EFFORTS FOR 

RESOURCE AUGMENTATION 
 

As discussed earlier, R & D efforts for 

exploration of new deposits, invention of 

natural and/or technological substitutes and 

waste treatment/disposal are omitted. 
 

Since high grade ores are comparatively rare 

in occurrence and will be exhausted in finite 

terminal time, T, in-house R & D efforts in 

mining industry should primarily concentrate 

on optimal utilization of associated lean grade 

ores that are not directly marketable as well as 

on treatment/ disposal of associated waste 

products. There are two ways to upgrade lean 

grade ores through in-house R & D efforts as 

given below: 
 

1. Optimal marketing of lean ores by 

blending with appropriate amount of 

locally available or imported high grade 

ores having assay value a1. 
 

2. Optimal marketing of lean ores by 

technological beneficiation with or 

without blending with high grade ores 

having assay value a1. 
 

III.1. Blending 
 

We assume for convenience that the exploited 

ore body has only one type of marketable 

grade and only  one type of non-marketable 

lean grade ores with associated waste 

materials of little market value. The analysis 

can be easily extended to two or more types of 

marketable ores and lean ores. Let price per 

ton of ore be p and the assays and weight 

fractions of high grade, lean grade ores be a1, 

f1 and a2, f2, respectively; so that waste 

fraction is (1-f1–f2).We have to crush the high 

grade and lean grade ores to suitable optimal 

size for blending so that the mix becomes 

homogeneous and can yield a stable grade, 

a*>a(m), the minimum marketable grade 

necessary for marketing purposes. Then the 

average assay of blended mixture is: 
 

a*=(W1 f1 a1+W2 f2 a2)/(W1+W2)       (11) 
 

where W1 and W2 are, respectively, the 

weights of high grade and lean grade ores in 

the mixture .The blended ore can be sold at a 

market  price p per ton. The total sell value of 

blended ore would be (W1 + W2) p. 
 

The blended assay, a1* must be greater than 

the minimum marketable assay, a(m) and then 

triangle law gives the minimum W1 value as 

(a(m) – a2) / a1. However to be safe (a1* 

becomes 5% more than required minimum 

a(m) value) so that blended ore is not rejected 

we can use a minimum W1 value of (1.05 a(m) 

– a2)/a1). If this minimum amount of W1 of 

the high grade ore is not available, then we 

have to optimize the mixing weights W1 and 

W2 for maximizing the profits by using 

constrained Lagrange multiplier.  
 

III.2. Ore Beneficiation 
 

Beneficiation of lean ores can be performed 

using physical, chemical and biochemical 

methods and the optimal technological 

solutions should be found by several 

experiments and using response-surface 

experimental designs. The lean ores are to be 

finely ground using jaw crushers, ball or rod 

mills to optimal grinding size to maximally 

liberate the ore minerals for beneficiation 

(Sahu, 2010). The optimal mix of 

beneficiation products can be estimated by 

using Lagrange multipliers to maximize the 

net present value (defined as sell price minus 

cost price) of beneficiated products. Details of 

applicable optimal beneficiation schemes and 

the associated plant designs are mine specific 

and ore specific and hence, cannot be 

discussed as a general system theory. 

Therefore, ore beneficiation is not being 

discussed here with any details. 
 

CONCLUSIONS 
 

Optimal utilization of unmarketable lean 

grade ores serves two important purposes as: 
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(i) accumulation of additional capital for 

economic and social growths, and (ii) 

reduction of waste treatment and waste 

disposals thereby improving the ecology and 

environment and also health problems. 
 

Lean grade ores can be made marketable by 

optimal blending with high grade ore or by 

adopting technological beneficiation 

processes. Blending weights can be optimized 

through use of constrained Lagrange 

multiplier method, if required. Beneficiation 

process can be optimized by determining the 

optimal values of physico-chemical and/or 

biochemical parameters by using standard 

response surface experimental designs (Sahu, 

2005). 
 

Lean grade ores (whether in situ or in dumps) 

must be utilized for capital accumulation 

needed for industrial growth and for social 

improvements in life-quality. R & D efforts 

for finding technological substitutes should 

preferably be postponed to the last 5 to 6 years 

of terminal time, T, of mine exhaustion 

especially in a developing economy like India.  
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ABSTRACT 

 

Exploration now is not a stand-alone activity for stand-alone exploration companies. It is a link in a chain 

starting from investment decision and ending in mining and post-mining business activities. The legislative 

and administrative architecture guiding exploration in India has been discussed. The importance of 

availing of the monetary incentives provided for in the system have also been emphasized with a view to 

minimizing the cost and maximizing the price of the output report - the only source of income for an 

otherwise zero-return activity namely exploration. Besides, different costs and benefits involved have also 

been discussed. 

 

INTRODUCTION 

 

Exploration for identification, location, 

estimation and exploitation of mineral resources 

involve earth-human interaction in an invasive 

manner— land degradation, human and animal 

displacement, deforestation etc. being inevitable 

entailment.  In a number of countries, the days of 

exploration by governmental agencies with the 

help of tax-payers’ money are over long time ago; 

and exploration there is carried out by stand-

alone exploration companies and by mining 

companies on the basis of financial risk and 

viability assessment just like any other business 

venture. India’s mining sector is also moving 

towards that structure. So, in the planning stage 

before commencement of exploration, it is 

important to know the legislative and 

administrative system under which not only 

exploration but also mining can be carried out. 

Further, exploration is not the end but only the 

means to achieve some economic objective and it 

is necessary to factor the social obligations and 

the opportunities emanating therefrom which 

affect the ultimate economics. Exploration 

operation as such is only a link in a chain 

beginning with the assessment of the constraints 

of and returns through mining and ending in 

actual generation of wealth for the country as well 

as for the company carrying out the operation. In 

this paper, the preceding and the succeeding 

links, which are often downplayed by the 

exploration geologists, have been highlighted.  

 

CRITERIA FOR INVESTMENT DECISION 

IN EXPLORATION 

 

There are elaborate legislative and administrative 

systems for guiding and regulating mineral 

exploration and mining in India. There are certain 

areas where mining is prohibited under the law 

and certain others where restrictions are imposed. 

Any investment for exploration in such areas will 

either end up in bad investment or reduced return. 

 

1. Legislative system: Under the Indian 

Constitution, while State is the owner of mineral 

resources, the Union Government has powers to 

make laws regulating exploration and mining of 

various minerals. The following acts (along with 

the rules under them) directly or indirectly 

influence feasibility and economics of 

exploration and mining. 

 

(1) Mines and Minerals (Development & 

Regulation) or MMDR Act, 1957 

(Amended in 2015) 

(2) Oil Fields (Regulation & Development) 

Act, 1948 (regulation of exploration of oil 

and natural gas) 

(3) Atomic Energy Act, 1962 (stipulates that if 

during exploration any of the atomic 

minerals like those containing uranium and 

thorium, beryllium, lithium, tantalum, 

zirconium and niobium is encountered, it 

has to be reported to the Atomic Energy 

Commission who will regulate the 

activities.) 
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(4) Coal Mines (Conservation & Safety) Act, 

1952 (applicable for conservation and 

development of coal) 

(5) Offshore Area Mineral (Development & 

Regulation) Act. 

(6) Forest (Conservation) Act, 1980 (comes 

into relevance when mineral deposits occur 

in forest areas; conditions like 

compensatory afforestation charge for 

diversion of forest land to non-forest 

activities like mining apply). 

(7) Environment Protection Act, 1986 

(protection of heritage structures, flora and 

fauna; prevention and control of air, water 

and noise pollution; restoration of land; 

rehabilitation of project affected people 

(PAP); Coastal Management Zone or CMZ 

regulation). 

(8) The Ancient Monuments and 

Archaeological Sites and Remains Act, 

1958 (Mining is prohibited in areas where 

ancient monuments are present). 

(9) Scheduled Tribes & Other Traditional 

Forest Dwellers (Recognition of Forest 

Rights) Act, 2006 (it recognizes the 

traditional rights of people living and using 

the forest; it recognizes both individual and 

community rights and stipulates that these 

rights should first be settled before 

acquisition of land for a mining project 

including exploration activities).  

(10) Panchayati Raj (Extension to the 

Scheduled Areas) Act, 1996 (Prior 

recommendation of Gram Sabha is 

mandatory before granting of prospecting 

licence or mining lease in Schedules areas) 

(11) Water Pollution (Prevention & Control) 

Act, 1974 

(12) Air Pollution (Prevention & Control) Act, 

1981 

(13) Wildlife Protection Act, 1972  

 

So far as solid minerals in land are concerned, the 

MMDR Act regulates the exploration and mining 

activities through Reconnaissance Permit (RP), 

Prospecting Licence (PL), Mining Lease (ML) 

and PL-cum-ML. 

 

Under Environment Protection Act, two types of 

clearance are necessary—site clearance and 

environmental clearance, as follows. 

(i) For prospecting and exploration of major 

minerals in areas exceeding 500 hectares, 

only site clearance is required. For areas 

not exceeding 500 hectares, no clearance is 

required. 

(ii) For mining of major minerals in areas 

exceeding 5 hectares, both site and 

environmental clearances are required. For 

areas nor exceeding 5 hectares, no 

clearance is required. 

 

Under the CMZ notification of 2008, the “Costal 

Zone” has been classified into 4 categories 

namely I, II, III and IV depending on the 

parameters like economic and cultural sensitivity, 

existing installations and activities etc. 

Exploration and mining activities are permissible 

only in the CMZ-II (areas include the 

economically, culturally and strategically 

important areas and high population density) and 

CMZ-III (relatively undisturbed areas) subject to 

environment-compatibility. 

2. Administrative system: There are various 

Union Government and state government 

ministries which are responsible for 

administering different acts and rules governing 

exploration, development and mining activities 

regarding solid, liquid and gaseous minerals in 

India. The Union ministries include 

 

(1) Union Ministry of Mines: Responsible for 

administration of MMDR Act and Rules 

thereunder and for grant of concessions, 

regulation and development of all non-coal 

solid minerals—on-shore and off-shore.   

(2) Union Ministry of Coal: Responsible for 

grant of concessions, regulation and 

development of coal mining. 

(3) Union Ministry of Petroleum & Natural 

Gas:  It is responsible for grant of 

concessions, regulation and development 

of oil and gas through public sector 

companies — both onshore and offshore,  

(4) Ministry/Department of Atomic Energy: It 

has some special powers related to atomic 

minerals.  

(5) Ministry of Environment and Forest 

(6) Ministry of Culture/ Archaeological 

Survey of India: - Its permission is required 
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to enter the  areas of archaeological 

significance 

(7) Ministry of Civil Aviation & Ministry of 

Defence: - Their permissions are required 

before commencing aerial reconnaissance 

operation. 

 

In addition, each state has its own ministries of 

mines and forests. The former handles grant, 

regulation, and development of all minor mineral 

licences and leases in onshore areas located 

within the respective states and the latter is 

responsible for the initial processing for clearance 

of concessions for all mineral deposits located in 

forest land. 

  

Apart from the actual operations of 

reconnaissance and prospecting, many steps may 

be involved to take a virgin area through the 

stages of reconnaissance permit and prospecting 

licence finally to the stage of mining lease.  These 

steps are as follows. 

 

Type of Certificate/ Clearance Concerned Authority 

Clearance certificate on payment of mining 

dues such as royalty, dead rent, surface rent, 

etc.  

District Mining Officer/ Assistant Mining Officer/ 

Deputy Director/ Director of Mines & Geology of States 

where RP/PL/ML is situated  

Clearance certificate regarding payment of 

income tax. 

Income Tax Officer  

Land clearance 

(a) Government land Concerned District Land & Revenue Department of the 

State Government where the Government land is 

situated. 

(b) Farm land The individual owner of the land. 

(c) Forest land 

(i) Up to 5 hectares area   The Regional Chief Conservator of Forest (RCCF) of the 

concerned region is the authority for issuing clearance 

certificate. 

(ii) Area is between 5 and 20  hectares  The proposals will be put up to the State Advisory Group 

and their recommendation will be sent by Regional Chief 

Conservator of Forest to the Union Ministry of 

Environment and Forest (MOEF) for final decision and 

issue of clearance. 

(iii) 20 to 40 hectares area The RCCF is required to scrutinize the application; after 

scrutiny, he will put up to Forest Advisory Committee 

constituted under Forest Rules for review of 

environmental impact. Thereafter, the recommendations 

will go to the MOEF for final decision. 

(iv) More than 40 hectares area  The RCCF is required to first inspect the area and then 

send his recommendations to the Forest Advisory 

Committee which in turn will make its recommendations 

to the MOEF for final decision. 

 

However, currently the procedures are 

undergoing changes with a view to their 

simplification. 

3. Incentives for investment in exploration: 
Various incentives are allowed which have a 

direct or indirect bearing on exploration in India. 

These may be fiscal or legislative. 

Fiscal incentives are in the form of: 

 Tax exemption on the cost of exploration 

leading to mining, on the cost of know-how 
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and on the payments made to the specified 

universities for scientific research;  

 Tax holiday with regard to new mining 

companies and to location of mines in 

backward districts;  

 Depreciation at the rates varying from 5-

100% for buildings, machinery, commercial 

vehicles, cost of environmental protection 

and energy-saving equipment, tubes and 

safety lamps. 

 

Legislative incentives are: 

 Preferential right for grant of PL to an RP-

holder and for ML to a PL-holder. 

 Rights of PL-holders to remove quantities of 

minerals for non-commercial purpose (e.g., 

testing) within limits varying from 250 kg to 

100 tonnes (depending on the mineral) free, 

and beyond these limits, up to limits varying 

from 10 tonnes to 200 tonnes, on payment of 

royalty. 

 

All these incentives in one form or other go into 

the savings in the cost of exploration and these 

are important criteria for investment decision in 

exploration. 

 

VALUE OF EXPLORATION OUTPUT 

 

The immediate objective is to identify, locate and 

estimate reserves and resources and prepare a 

report. But exploration per se being a zero-return 

activity, any investment ending up in only that is 

meaningless. The exploration company must sell 

the report to some mining company, and here will 

arise the question of assessment of the monetary 

value of the report - the link at the other end of 

the chain. For this to assess, two basic parameters 

are required: 

 

1. Actual cash outflow during exploration: 

This mainly includes  

 Costs associated with acquisition of 

concession 

 Cost of exploration operation 

 Cost of relief and rehabilitation of the 

project-affected people or PAPs during 

exploration 

 

2. Potential cash inflow/ outflow post-

exploration: 
This is potential because the money will be 

realized or spent only when the buyer mining 

company will mine and sell the mineral. This 

mainly includes 

 Monetary value of the reserve/ resource 

located and estimated 

 Costs & benefits associated with 

sustainable development that will go with 

mining of the deposit.   

 

These are briefly discussed as follows. 

 

a) Costs associated with acquisition of 

concession: The first important cost is that 

in terms of time and money for getting all 

the necessary certificates and clearances 

leading to grant of the concession. Delays 

may result in cost overruns. 

b) Costs of exploration operation: The actual 

cost of exploration operation is all the more 

important in order to claim the different 

kinds of tax exemption. It is customary to 

compute costs incurred from the stage of 

early drilling onwards. But the issue of the 

costs on account of the unsuccessful 

boreholes is required to be addressed. In 

India, the companies have the option to 

write off all the money spent on 

unsuccessful exploration or to capitalize 

the entire cost irrespective of the success or 

failure of the effort under the full costing 

model. But if the exploration report is 

intended to be sold to another company for 

mining, then the first option will not make 

business sense because the cost has to be 

recovered from the buyer. 

c) Costs of relief and rehabilitation of PAPs: 

The question of relief and rehabilitation of 

the people affected by the exploration 

project has now-a-days assumed much 

importance. These people will be 

permanently displaced because the project 

is not intended to end with exploration only 

but to continue through mining till the 

resource is exhausted. Monetary 

compensation for land itself is a ticklish 

issue because of the change in status and 

consequent value of the land. Although 
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some norms have been fixed in the new 

legislation for this purpose, yet the issue of 

consent along with that of the cultural and 

emotional rehabilitation continues to be 

debated. 

d) Monetary value of the reserve/resource:  

Reserve/resource occurring in a deposit is 

the fulcrum about which exploration and 

mining and all the associated economic 

activities are carried out. So it is of critical 

importance not only to estimate the 

quantity and grade of the resource, but also 

to classify it in accordance with a system 

acceptable to the Government of India, to 

banks and financial institutions, and to 

international capital markets. Acceptance 

to the government of India is important 

because periodical clearances and 

approvals are statutorily compulsory 

during the course of mining; and 

acceptance to the other institutions is 

necessary in case the mining company 

intends to approach them for funds through 

the instruments of debt and/or equity. 

Generally, the systems standardized under 

UN Framework Classification (UNFC) 

and Joint Ore reserve Committee Code 

(JORC) are relevant. 

 

As regards estimation of the life index of 

the deposit, the standard method generally 

practised internationally is the Taylor’s 

Law. Based on wide experience of a 

number of international operations, H K 

Taylor (Canada) developed the following 

formula: 

 

Life in years = 6.5* (Reserve in tonnes * 10-6)0.25 * (1± 0.2) 

 

Its application must be tempered by 

constraints of mine geometry, ore body 

geology & geotechnical characteristics.  

 

After knowing the quantity of resource 

under an appropriate category, life index 

and the market price of the mineral, the 

monetary value of the resource can be 

calculated by standard financial computing 

methods (discounted cash flow or DCF, 

also called net present value or NPV). 

e) Costs and benefits to mining companies on 

account of sustainable development: In the 

valuation of a mineral property intended to 

be transferred to a mining company, both 

the costs and the benefits of sustainable 

development practices by the companies, 

should be factored in order to arrive at the 

most realistic value. Sustainable 

development implies caring for, apart from 

environmental conditions, various social 

and cultural conditions including ethics, 

economics, aesthetics etc. which affect the 

behaviour of individuals or a community. 

Besides, “free prior and informed consent 

(FPIC)” is gaining acceptance in 

international norms and voluntary best 

practices standards. 

 

 

Costs 

(1) Mine closure cost: This cost will be incurred 

at the end of a mining operation for restoring 

the degraded land for further use. The 

restoration work will include dismantling & 

disposal of all the building structures, 

electric transmission lines, water line, gas 

pipeline, water works, sewer line, telephone 

cables, underground installations, roads, 

rails etc. besides restoration of the land to its 

original usage or converting it to some 

socially useful facility. 

 

It has been seen in the past that many mine-

owners simply leave the area without doing 

anything. So, under the statute, it has been 

made obligatory for each mine-owner to 

submit an approved mine closure plan before 

the commencement of mining and to make 

monthly or annual contribution to a corpus 

fund managed by the Government. The mine 

closure plan, would contain, inter alia, the 

total cost of closure; and the monthly/annual 

contribution amount would be determined 

on the basis of that cost and the tenure of the 

mining lease.  
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(2) Afforestation costs: If the deposit is situated 

within a forest, the mine-owner is required 

to pay to the Government deforestation cost 

at the beginning of mining operations. This 

cost depends on the nature or class of the 

forest, the density of the forest & the NPV of 

the trees to be cut. The NPV includes costs 

of: 

 Timber & fuel 

 Non-timber forest products 

 Fodder 

 Eco-tourism 

 Bio-diversity 

 Ecological services of forest 

 Flagship species 

 Carbon sequestration value  

 

 The total cost varies from Rs. 699,000 to Rs. 

1.043 million per hectare. The money is for 

the purpose of afforestation and 

development of forests by the Government. 

In addition, the cost of compensatory 

afforestation (plantation of twice the number 

of trees cut in some non-forest land) will 

have to be borne by the mine-owner.  

 

(3) Corporate Social Responsibility (CSR): CSR 

is a concept whereby companies serve the 

interests of society by taking responsibility 

for the impact of their activities on 

communities and the environment; and it is 

a company’s commitment to operate in an 

economically, socially and environmentally 

sustainable manner. This has become 

particularly relevant to the mining sector in 

the backdrop of historical negligence and 

unethical business practices on the part of 

the mining industries located in remote and 

tribal areas and consequent generation of 

social dissatisfaction and unrest in these 

areas. Long-pending resettlement issues 

have added to the deep local mistrust of all 

exploration and mining activities. The 

MMDR Act, the Companies Act, 2013 and 

the Land Acquisition and Rehabilitation & 

Resettlement Act, 2013 are loaded with 

financial commitments by the industries 

commensurate with their profits and 

turnover.  

 

 The activities under CSR prescribed by the 

Department of Public Enterprises, 

Government of India include creation of 

infrastructure in the surrounding villages for 

communication, health care, sanitation, 

education, drinking water; development of 

pisciculture, social forestry etc.; 

encouragement of sports, art, culture and 

literature; promotion of alternative 

livelihood means; setting up of skill and 

entrepreneurship development centres; 

development of unconventional energy 

sources; scholarships to meritorious students 

belonging to the weaker sections etc. 

 

(4) Costs of conflicts: Internationally, such costs 

are becoming an alarming concern of all 

companies including mining companies. 

There is an increasing tendency amongst 

large companies to calculate in advance and 

factor the losses in net present value (NPV) 

due to delayed production on account of 

conflicts with indigenous people.  

 

Benefits to the companies 

The benefits are mostly long term. The period of 

grant of Prospecting Licence and Mining lease 

together is for a period of 55 years and there may 

be further renewals. Therefore, mining 

companies’ relationships with the local 

communities are expected to be long. The 

purpose of incorporation of the provision of 

sustainable development in the statutes is to 

discourage short-sighted profit-oriented attitude 

prevalent in the mining sector and to remove the 

negative perception in the minds of local people. 

The benefits are as follows. 

 

(1) There should be reduced environmental 

and social conflicts in areas awarded for 

exploration and mining. This has of late 

become the principal impediment causing 

time and cost overruns.   

(2) According to a survey conducted by 

McKinsey Quarterly, majority of the 

executives say sustainability contributes 

positively to shareholder value. This 

becomes possible due to enhancement of a 

company’s image in the market.  
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(3) End of mining need not be the end of 

business of a mining company. Post-

closure, a mine can be utilized for water 

parks, fish farming, agriculture, 

horticulture, forestry, mushroom 

cultivation, underground storage etc. 

depending on whether the mine is opencast 

or underground. 

 

The objective of an exploration activity is to 

maximize the sale price of the final report that 

will be sold to a mining company. Needless to say 

that a report showing a net benefit for the mining 

company will serve that end. 

THE FINAL SUM-UP 

There is now an increasing appreciation amongst 

the exploration and mining companies of not only 

the relevance but also the importance of the two 

links at the ends of the chain of operations leading 

to maximization of value of a mineral resource 

realized through successful and trouble-free 

exploration. In this era of competition, inaccurate 

understanding of the implications of the policies 

and the opportunities may very well make a 

difference between a winner and a loser. 
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ABSTRACT 

The Neoproterozoic-Lower Palaeozoic (Pan-African) Lufilian arc forms the central segment of a major 

Pan-African orogenic system crossing central and southern Africa. It straddles the border between Zambia 

and the Democratic Republic of Congo and deforms the Katanga Supergroup, which was deposited between 

880 and 500 Ma and represents one of the main sedimentary accumulations of this age in the world. Parts 

of the succession host the greatest known stratiform copper-cobalt deposits, including half the world’s 

cobalt reserves. 

Zambian Copper belt is related to a Proterozoic intracratonic rift and that the source of the metals is best 

explained in terms of movement of hydrothermal solutions up rift fractures. Central Africa experienced a 

period of extension and fracturing associated with a major episode of cratonic basic magmatism in between 

1.4 and 0.9 billion years ago. During this period a network of mobile belts formed (e.g. Kibaran and 

Irumide) together with structures along which the Atlantic and Indian oceans were later able to form. A 

‘hotspot’ is suggested at the south-eastern margin of the Congo Craton at which a triple junction developed 

and thus began a period of subsidence, sedimentation and metallogenesis. 

Etoile near Lubumbashi is a very well-studied deposit of Copper & Cobalt in different period right from 

1907. Post opening up of DRC economy for Private sector that’s too International investment threw open 

the doors for influx of latest world class exploration technology which resulted in reopening of abandoned 

mines like Etoile in a big way. Katanga possesses huge potential for Copper Cobalt mineralization a tiny 

fraction of which has been explored so far. 

 

INTRODUCTION 

The Neoproterozoic-Lower Palaeozoic 

(Pan-African) Lufilian arc forms the central 

segment of a major Pan-African orogenic system 

crossing central and southern Africa (Fig. 1). It 

straddles the border between Zambia and the 

Democratic Republic of Congo (DRC; Fig. 2) and 

deforms the Katanga Supergroup, which was 

deposited between 880 and 500 Ma and 

represents one of the main sedimentary 

accumulations of this age in the world. Parts of 

the succession host the greatest known stratiform 

copper-cobalt deposits, including half the world’s 

cobalt reserves and some resources of lead-zinc 

sulfides, uranium oxides, and noble metals. 

Detailed mapping and prodigious research have 

supported mineral exploration and mining.  

KATANGAN LITHOSTRATIGRAPHY IN 

KATANGA 

Figure 2 shows the dominant lithologies and 

established stratigraphic abbreviations. Two 

extensive glacial diamictites divide the Katangan 

into three supergroups: (1) Roan (R), carbonate-

dominated sediments, mostly from inner ramp; 

(2) Lower Kundelungu (traditionally 

‘‘Kundelungu infe´rieur,’’ abbreviated Ki), 

mostly marine siliciclastics; and (3) Upper 

Kundelungu (‘‘Kundelungu supe´rieur,’’ Ks), 

marine siliciclastics capped by continental 

sediments. The Roan Supergroup’s full thickness 

mailto:sunit@spsgeomining.com
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is unknown because of dismemberment and 

missing sections. Up to 1600 m thickness is 

exposed (Franc  ̧ ois, 1973, 1991). Ores are 

concentrated in siliciclastic-dominated hosts in 

Zambia and in carbonate-dominated hosts in 

Katanga. As pre-Katangan basement has not been 

drilled in Katanga, so the lowermost Roan is 

unknown. Zambian analogs suggest that the basal 

Roan comprises hematitic sandstone, grit, and 

boulder-cobble conglomerate. Because of 

transgression, the basal conglomerate exposed 

against Kibaran basement in the northwest is of 

late Roan or even younger age (Franc¸ ois, 1973, 

1991). Ki begins with the glacial Grand 

Conglome´rat, which thickens northward from 

210 to 1300m (Franc¸ ois, 1973). The remainder 

of Ki thickens southward from 220 to 5000 m. Ks 

also thickens southward in the Lufilian Arc from 

400 to 1300 m (Franc¸ ois, 1973). Clastic 

sediments containing dolomitic matrix show 

turbiditic affinity: tool marks, debris flows, basal 

discontinuities, irregular or graded bedding, 

rippled sandstone, water-escape structures, and 

coarsening-upward sequences (Noblet, 1991). 

Oolitic limestone in the north and the regional 

thickness changes suggest shallowing toward the 

north. Apart from the uppermost units, the 

Kundelungu Supergroups are marine. The 

uppermost, continental Ks.2.2 and Ks.3 units are 

present mostly north of the Lufilian Arc, where 

they attain a thickness of 1700 m (Franc  ̧ ois, 

1973). 

 
Fig-1: Map of part of the Copper belt (as per Jackson et al 2003) 
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Fig-2: Katangan stratigraphic column and dates of major tectonism 

KATANGAN TECTONIC SETTING 

The Katangan basin may have formed as Rodinia 

(a precursor supercontinent to Gondwana) began 

to fragment along a previously sutured corridor 

between the Kalahari and Congo cratons (Unrug, 

1997), forming eastward younging basins from 

Namibia to Mozambique between 1100 and 850 

Ma. The Roan’s tectonic setting is controversial 

because of orogenic overprints and obscured 

basin margins. Some (e.g., Raybould, 1978; 

Annels, 1984, Unrug, 1988, 1989; Porada, 1989) 

inferred that the Roan accumulated in bifurcating 

rifts. But most Roan features cited as typical of 

rift settings are equally compatible with a cooling 

sag basin undergoing only minor extension. More 

significantly, the Roan low-energy 

lithostratigraphic units and syngenetic 

mineralization are laterally continuous over strike 

distances of >100 km in Katanga and Zambia. 

This is not typical of rifting. Instead, this 

continuity suggests an epicontinental marine 

embayment having only minor faulting. The 

Roan ore bodies are closely correlated across the 

Katangan Basin. The Zambian Ore Shale, 

Nchanga upper ore body, and ‘‘RLS’’ units 

correlate with the Katangan R.2, lower R.2.3, and 

R.3.1.2, respectively (Binda, 1994). Correlations 

become broader and stronger toward the top of 

the Roan, indicating gradual widening and 

coalescence of sub-basins. The shallow Roan 

Basin was flanked by the older Zilo and 

Bangweulu uplands (Fig. 1B). 

 

LUFILIAN ARC 

Over 800 km, the Lufilian Arc curves from a 

northeast trend in Angola to southeast in Zambia 

(Fig. 1B). The arc comprises three structural 

zones (De Swardt and Drysdall, 1964). (1) The 

Inner Lufilian comprises a southern synclinorium 

of Katangan cover. (2) The Middle Lufilian 

includes basement domes representing 

culminations above thrust ramps (Daly, 1986) 

and late- or post-orogenic granitoid intrusions 

(Unrug, 1989). (3) The Outer Lufilian is an 

arcuate thin-skinned fold-and thrust belt, where 

the thickest Katangan units are preserved. North 

of the Lufilian arc, the Kundelungu ‘‘aulacogen,’’ 

is a northeast-tapering embayment, 600–700 km 
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long, containing a ~7 km thickness of largely 

unfolded Katangan sedimentary rocks (Unrug, 

1988, 1989). The Katangan Basin records three 

tectonic phases (Cailteux et al., 1994): (1) 

Lomamian (ca. 950 Ma), (2) Lusakan (~950–850 

Ma), and (3) Lufilian (~650–600 Ma). The 

Lufilian left the heaviest imprint in Katanga. It 

was subdivided into two main phases by 

Franc¸ois (1973): (1) Kolwezian (syn-Ks.2.2 and 

Ks.2.3), and (2) Kundelungian (post-Ks.3). The 

date of the Kolwezian event is based on the age 

of Ks.2.1 strata overridden by the nappes. The 

date of the Kundelungian event is based on 

uraninite U: Pb ages (Cahen and Snelling, 1984). 

Their absolute ages are poorly constrained, and 

these two events probably overlapped 

considerably in time. 

Mineralization 

Sulphide mineralization contained within these 

sediments is generally finely disseminated, 

though congruent to discordant. Carbonate-

quartz veins containing sulphides are not 

uncommon. The mineralization is often confined 

to the finer muddier facies in each area and a 

common host rock is a grey-green calcareous 

argillite or siltstone. The presence of abundant 

inorganic sulphur and organic carbon also seems 

to be a prerequisite for this type of deposit. The 

very close association with intracratonic rifts or 

failed arms of craton margin rifts is generally 

taken to imply a deep-seated source for the 

mineralization, with the faults of the rift systems 

acting as channel ways for the metal-enriched 

hydrothermal fluids. The high heat flux expected 

in these environments would provide the driving 

power for these deep hydrothermal systems. 

Periodicity of metal supply into the sedimentary 

pile is a common feature so that metals are 

concentrated in particular stratigraphic horizons.  

This periodicity leads to a vertical stacking of 

sulphide deposits within the sequence of 

sediments infilling aulacogen. The commonest 

metals in these sedimentary stratiform deposits 

are copper and iron so that the sulphides are 

usually combinations of pyrite, chalcopyrite, 

bornite and chalcocite.  Lead and zinc may also 

be present and may be part of an upward zonation 

from copper to lead to zinc. Sawkins (1976) 

draws attention to the high cobalt content of many 

stratiform copper deposits which he believes 

indicates a genetic relationship with basaltic 

volcanism/magmatism at hot spots in the Earth’s 

crust. He suggests that the cobalt enrichment at 

Kilembe in Uganda also reflects the occurrence 

of this deposit in an aulacogen infilled with a 

thick pile of meta-basalts and a thin succession of 

meta-sediments.  

Etoile Geology & Mineralization: 

Copper deposits within the Lubumbashi area of 

the Democratic Republic of Congo (DRC) have 

been formally exploited since the founding of the 

town of Elisabethville (now Lubumbashi) in 

1910. Mining of the Etoile mineral deposits, 

located 15 km east of the city, continued until 

1964 and some 2.4 million tonnes of ore had been 

mined before closing the operation when 

Gécamines focused its exploitation on the higher 

grade deposits in the Kolwezi area.  Since that 

time, the deposit at Etoile was being worked by 

artisanal miners primarily for cobalt and also for 

copper. 

Chemaf SPRL (Chemaf) obtained the mineral 

rights to the Etoile deposit and commissioned a 

resource estimate in 2004.  Chemaf constructed a 

small pilot plant in Lubumbashi to evaluate the 

metallurgical characteristics of the Etoile ore and 

to treat ore purchased from other operations. 

Following on from a successful pilot scale 

operation, a production plant (PP2) was 

constructed and commissioned in December 

2005. The PP2 produces cobalt carbonate salt, 

copper carbonate, and copper cathode, all of 

which are both sold in the international market. 

Chemaf developed a mechanised mining 

operation at Etoile to utilise this resource. In 

phase 1 of the project, oxide minerals was treated 

in an adjacent process plant which included 

reductive leach followed by solvent extraction 

(SX) and electro-winning (EW) to produce 

copper metal and cobalt as a by-product. 

Subsequently, in phase 2, it is planned to mine 

and process the underlying sulphide minerals.   

Etoile is a stratiform copper-cobalt deposit 

similar to many others in the DRC and Zambian 

Copper Belt. Its geology has been the subject of 

investigation over many years, and is reasonably 

well understood. The copper-cobalt 
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mineralisation was probably developed in Lower 

Roan Group dolomites, shales and fine 

sandstones during their compaction and 

diagenesis. Two principal stratiform mineralised 

horizons are developed, known as the Upper and 

Lower Ore bodies. The complete stratigraphic 

sequence is summarised in Table 1 below.

 

Table 1 International Stratigraphic Nomenclature at the Etoile Mine 

System Series Formation Unit Location 

 

 

 

 

 

Katangan 

(Late Proterozoic) 

Lower Kundelungu    

 

 

 

 

 

Roan 

 

R4   

R3 RGS  

 

 

 

R2 

CMN  

SDS  

BOMZ Upper 

Ore body SDB 

RSC  

RSF Lower 

Ore body D Strat 

R Grise 

R1 RAT Footwall 

The lithology and typical thicknesses of the Etoile ore bodies and their hanging and footwall rocks are 

summarized in Table 2 below. 

Table 2 Stratigraphic Units at the Etoile Mine 

Unit Unit or lithology Typical thickness (m) 

RGS Grey siliceous rocks and stratified dolomites 100+ 

CMN Black carbonaceous dolomite and shales 50 

SDS Upper Dolomitic Shales 30 

BOMZ Narrow horizon of high grade oxidised Cu-Co 

mineralization 

2 

SDB Lower Dolomitic Shales 20 

RSC Stromatolitic siliceous rocks 15 

RSF Fissile shales 5 

D Strat Stratified dolomite 10 

R Grise Grey dolomitic argillite 5 

RAT Argillaceous talcose dolomite and sandstone Base not known 

 

Etoile Deposit Geology 

The Etoile deposit has been traced at surface for 

a distance of approximately 1,400 m and to a 

maximum vertical depth of 250 m. Over much of 

this strike length it dips at 30-45o, but near the 

surface it steepens to near vertical or is 

overturned (as at the western end). 

The footwall of the Etoile deposit is marked by a 

thrust zone or breccia, which is developed at or 

close to the contact between the RAT Grise and 

the RAT. The thrust zone sometimes splits and 

cuts across the ore body, thereby truncating it. It 

is also mineralised. Talc is developed in the RAT. 

This mineral is deleterious in the flotation of 

sulphide minerals. 

The hanging wall mineralization (CMN and SDS) 

is particularly strong at the eastern end of the 

deposit (between X=800 and X=1,000). Here, the 

footwall RAT is also mineralised. The Upper and 
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Lower ore bodies are not mineralised to the east 

of X=1000. Beyond this point, the ore body 

consists only of near-surface secondary 

supergene mineralization.  

To the west (at about X=100), the ore body is 

probably cut off by a N-S fault or thrust. The 

potential for establishing additional high-grade, 

relatively shallow mineralization in the west of 

the deposit (between X=100 and X=350) is 

considered good. Unfortunately, drillhole access 

in this area, which could help quantify this 

potential was not possible. 

Down-dip the ore body is cut off by an 

approximately E-W trending and relatively steep 

fault. This limits the extent of the ore body with 

depth. The physical limits of the ore body are 

consequently fairly well established so that major 

additions to the resource outside its present 

confines are unlikely to be found.  

The Upper and Lower ore bodies are apparently 

missing in an area in the centre of the ore body 

due to faulting or thrusting. 

Mineralization 

The primary copper minerals (chalcopyrite and 

possibly bornite and digenite) and primary cobalt 

minerals (linnaeite and carrollite) principally 

occur as thin, discontinuous bands in the Upper 

and Lower Ore bodies. They also occur within the 

RSC and as disseminations in the SDS and CMN 

hanging wall sediments.  

As a consequence of (fault related) hydrothermal 

activity and supergene enrichment, the Etoile ore 

body has been partially oxidised to a considerable 

depth from surface. During this oxidation 

process, chalcocite, cuprite, malachite, native 

copper and chrysocolla replace the primary 

copper sulphide minerals, while heterogenite 

replaces the primary cobalt sulphide minerals.  

The depth of oxidation from the surface is 

dependent to some extent on the permeability of 

the host rocks and on the presence of brecciation 

associated with the basal thrust. Consequently, 

primary chalcopyrite is frequently absent from 

the Lower Ore body in the deepest parts of the 

deposit (although secondary sulphides are), while 

chalcopyrite is recorded near surface in the 

relatively massive and impermeable CMN 

dolomites. 

Supergene, re-mobilized oxide mineralization is 

principally found in the Upper and Lower Ore 

bodies, the SDS, CMN and in the immediate RAT 

footwall, where it is associated with the basal 

thrust zone. It is less well developed in the RGS. 

It takes the form of a flat-lying umbrella 

overlying the steeply dipping sediments of the 

Mine Series. 

Secondary enrichment is strongly developed in 

the narrow BOMZ horizon, which has been the 

focus of extensive artisan mining at Etoile. This 

horizon only occurs in the oxide zone. 

In the deposit as a whole, most of the copper is 

contained in the CMN, SDS, RAT and breccia, 

with the RAT and breccia having the highest 

grades. 
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Fig-3: Drillhole layout in relation to Etoile Ore bodies 

 

Fig-4: Geology Model of Etoile 

 

Fig-5: The Ore body Model of Etoile (same views as the Geology Model) 
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CONCLUSION 

The Lufilian arc passing through DR Congo and 

Zambia in Central Africa hosts the greatest 

known stratiform copper-cobalt deposits, 

including half the world’s cobalt reserves. The 

Copper belt is related to a Proterozoic 

intracratonic rift and that the source of the metals 

is best explained in terms of movement of 

hydrothermal solutions up rift fractures. Etoile 

near Lubumbashi is a very well-studied deposit of 

Copper & Cobalt in different period right from 

1907. With each passing season more and more 

information and understanding of the belt is being 

achieved which points towards huge potential for 

Copper & Cobalt mineralization which in turn 

drawing attention of International mining 

fraternity.  
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ABSTRACT 

In civil construction projects, strive for a more time-efficient construction process naturally focuses on the 

possibilities of reducing the time periods of waiting between stages of construction. As an example, the rock 

excavation in open cut excavations in metro rail projects requires coordination between the bed concreting and 

adjacent rock blasting so that blast induced vibrations would not affect the green concrete (freshly poured 

concrete) which is hardly at a distance of 5-10 m. There also arise similar problems in mining, where concrete 

supporting is required in drivages of weak rock. The grid of drifts in recent mines is very dense for excavating as 

much ore volume as possible. This means that supporting systems in one drift are likely to be affected by vibrations 

in a neighbouring drift. A criterion for how close, in time and distance, to the young concrete, blasting can take 

place would be an important tool in planning for safe and economical mining projects. Another example is the 

foundation excavation of thermal power projects, where the concreting and rock excavation go simultaneously, 

adjacent to each other, to crash the time.  

In actual practice, numerous occasions arise when it is necessary to build concrete structures at the same time 

when excavations by blasting are being carried out. Examples are lining during tunnel driving, foundation for the 

primary crushing buildings near open pits, etc. Table-1 gives prevention criteria given by Oriard (1980) 

depending upon general curing or hardening time of the concretes. This criterion is based on some assumptions 

of curing and cannot be made extensive to all types of concrete. 

The basis for the existing criterion, during the hardening period of 0 to 4 hours, the concrete is still not hard and 

the admissible levels are relatively high. From 4 to 24 hours, it begins to harden slowly, and after 7 days it reaches 

the strength that is approximately 2/3 of the final product (28 days), allowing a progressive intensification of the 

vibrations. 

The guidelines given by the previous research findings are broad and general in nature. Therefore, the authors 

recommend that it requires further experimentation to correlate the strength acquired by the concrete with the 

threshold maximum vibration level. With the advent of in-situ concrete strength measuring instruments, now a 

days, it is convenient to monitor strength and corresponding effect of vibrations.  In this way the exact effect of 

vibrations on green concrete can be clearly known to avoid possible damage and deterioration to the structure in 

long run. 

Some experiments were carried out during base slab concrete works of a Metro construction works in India to 

find out the vibration criteria for freshly poured concrete of age 0 to 4 hours. From the temperature history graphs 

it was found that the temperature of concrete starts increasing after 2 hours, which is the indication of curing 

process. At the experimental site the structural concrete was exposed to a blast induced vibration with peak 

particle velocity (PPV) level of 46 mm/s, which was still less than the threshold limit suggested by Oriard (1980). 

The vibration level was exposed at 3 hour 15 minutes from concreting. The vibration exposure took place twice 

with a gap of 5 minute. There was another site with same structural concrete kept without any exposure of 

vibrations. After 15 days of curing, samples of both the sites were tested for strength. Very interestingly the 

strength of vibration free concrete sample measured was 40.2 MPa and that of vibration exposed samples was 

31.5 MPa. This indicates the vibration exposure resulted in strength reduction of 22%, which is very substantial 

one. 

Similar experiments were conducted on samples of 3 hours age and with exposure of PPV 48.5 mm/s and observed 

23.5% reduction in strength. This indicates that no chance of exposure of vibrations should be taken for the freshly 

poured concrete of age 2 to 4 hour, although the existing global vibration criteria is liberal for concrete up to 4 

hour age. Therefore, the paper recommends that the green concrete up to 4 hour age is also vulnerable for 

vibrations above 40 mm/s and stresses for need of more research and experiments in this direction. 

1. Introduction 

Explosives are being used as primary source of 

energy for rock and concrete breakage in most 

of the mining and civil engineering 

applications. The effective utilisation of 

explosive energy has been reported to be 

around 15 per cent (Hagan and Just, 1974; 
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Berta, 1990).  Major part of explosive energy, 

which is not used for rock fragmentation, 

results in generating undesirable side effects 

like ground vibrations, air overpressure and 

flyrock. The vibration energy that travels 

beyond the zone of rock breakage is wastage 

and results in structural damage and human 

annoyance. In a properly designed and executed 

production blast, in general, only 20-25 % of 

the total explosive energy is utilised in useful 

work, and remaining 75-80 % of energy is 

being wasted in generation of ill effects 

(Rollins, 1980; Berta, 1990).  

Ground vibration is an elastic deformation of 

ground due to blast-induced forces and air 

overpressure is a transient increase in air 

pressure (above or below the atmospheric 

pressure) arising from the detonation of an 

explosive. The unproductive explosive energy 

used for generation of vibrations and air 

overpressure can travel many kilometres under 

favourable geological conditions and cause 

disturbance to the structures and habitats in the 

vicinity. Surface blasting, in general, results in 

both positive and negative effects with regards 

to the safety and productivity (Figure 1). 

Since blasting is the cheapest method of rock 

breakage, mining and civil construction 

projects, in general, adopt the method for rock 

breakage and excavation. Even small scale 

blasts near structures and vital installations may 

generate dangerous vibration levels. Now-a-

days prediction of blast induced ground 

vibrations is becoming increasingly important 

because of the fact that mining activity is 

spreading towards populated areas as well as 

the urban sprawl near mines and quarries. 

Therefore fine-tuning of the causative and 

control parameters of the vibrations and air 

overpressure has become a thrust area of 

investigation in the present day context. 

Fig.1 - Desirable and undesirable effects of surface blasting 

 

2. Review on effect of vibrations on green 

concrete  

Hulshizer and Desai (1984) use the term ‘‘green 

concrete’’ to describe conventional concrete 

having an age of less than 24 h after completion 

of placement.  Byfors (1980) defines ‘‘fresh 

concrete’’ as concrete before setting, ‘‘early 

age concrete’’ as concrete between setting and 

approximately 1–3 days of age, ‘‘almost 

hardened concrete’’ as concrete older than 1–3 

days, but younger than 28 days which defines a 

‘‘hardened concrete’’. In the following, 

‘‘young shotcrete’’ will be used for shotcrete up 

to one day old. 

The effect of vibrations on green concrete has 

not been fully investigated by researchers in the 

past. Except few researchers (Oriard, L. L. and 

Coulson, J. H., 1980 and Issac & Bubb, 1981), 

no published material on the effect of vibrations 

on young shotcrete has been found. There  are,  

however, a number of interesting reports  on in-

situ tests conducted in tunnels and mines  where  

fully cured  shotcrete on  rock  have  been  

subjected  to  blast induced vibrations. Some 

research attempts were made in the area of 
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influence of vibrations on young shotcreting, 

which is similar to the effect of green concrete 

(Ramulu, 2010, Ramulu, 2010).  

Kendorski et al. (1973) carried out in-situ tests 

to determine how a concrete lining was affected 

by standard drift blasts at various distances 

from the lining. A standard blast that consisted 

of 409 kg premixed ammonium and fuel oil 

(ANFO) showed that there was no bond failure 

at the shotcrete–rock interface. The tests 

revealed that cracks started to appear in the 

shotcrete when the detonations occurred at a 

distance of 16.5 m and that the function of the 

linin was considerably reduced when 

detonating from 12.2 m. 

In civil construction projects, strive for a more 

time-efficient construction process naturally 

focuses on the possibilities of reducing the time 

periods of waiting between stages of 

construction. As an example, the rock 

excavation in open cut excavations in metro rail 

projects requires coordination between the bed 

concreting and adjacent rock blasting so that 

blast induced vibrations would not affect the 

green concrete which is hardly at a distance of 

5-10 m (Ramulu, 2013). There also arise similar 

problems in mining. To be able to excavate as 

much ore volume as possible, the grid of drifts 

in a modern mine is dense. This means that 

supporting systems in one drift are likely to be 

affected by vibrations in a neighbouring drift. A 

criterion for how close, in time and distance, to 

the young concrete, blasting can take place 

would be an important tool in planning for safe 

and economical mining projects. Another 

example is the foundation excavation of 

thermal power projects, where the concreting 

and rock excavation go simultaneously, 

adjacent to each other, to crash the time.  

In actual practice, numerous occasions arise 

when it is necessary to build concrete structures 

at the same time when excavations by blasting 

are being carried out. For example, lining 

during tunnel driving, foundation for the 

primary crushing buildings near open pits, etc. 

Table-1 gives prevention criteria given by 

Oriard (1980) depending upon curing or 

hardening time of the concretes, although such 

recommendations cannot be made extensive to 

all types of concrete. 

As can be observed, during the hardening 

period of 0 to 4 hours, the concrete is still not 

hard and the admissible levels are relatively 

high. From 4 to 24 hours, it begins to harden 

slowly, and after 7 days it reaches the strength 

that is approximately 2/3 of the final product 

(28 days), allowing a progressive 

intensification of the vibrations.  Other factors 

to take into account are the characteristic 

frequencies of the vibrations, external 

hardening conditions, area of rock-concrete 

contact, etc. On the other hand, Issac & Bubb 

(1981), summed up all their experiences and 

those of Scandinavian investigators in a graph 

where, according to strength acquired by the 

concrete, the maximum vibration level is 

determined. 

Table-1. Setting time of concrete versus admissible levels of particle velocities. 

Setting Time Admissible level of PPV 

 STRUCTURAL CONCRETE FILL AND MASS 

CONCRETE 

0 – 4 hrs 50 mm/s 100 mm/s 

4 – 24 hrs 5 mm/s 25 mm/s 

24 – 72 hrs     (1-3 days) 25 mm/s 30 mm/s 

72 – 168 hrs   (3-7 days) 50 mm/s 75 mm/s 

168 – 240 hrs (7-10 days) 125 mm/s 200 mm/s 

>240 hrs         (>10 days) 250 mm/s 375 mm/s 

 

The guidelines given by the previous research 

findings are broad and general in nature. 

Therefore, it requires further experimentation 

to correlate the strength acquired by the 

concrete with the threshold maximum vibration 

level. Therefore, it is very essential to know the 

exact effect of vibrations on green concrete to 

avoid possible damage and deterioration to the 

structure in long run. 

3. Field Experimentation 

Blasting of hard rock was carried out as part of 

the excavation works in connection with 

proposed under ground stations for Bangalore 

Metro Rail Corporation Limited (BMRCL), at 
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different locations at the majestic station in 

Bangalore city, India. Controlled blasting 

operations were carried out keeping in view of 

the adverse effects like ground vibration and air 

overpressure and fly rock.  Blasting and 

concrete works used to go hand in hand to meet 

the time schedules and targets of the project. 

Therefore, freshly poured concrete was 

exposed to blast induced ground vibrations at 

the distance range of 10 to 25 m from the 

blasting sites as shown in Figure 2. In such 

situations it was imperative to know the exact 

levels of ground vibrations, which cannot cause 

any internal and external damage to the green 

concrete. 

The following sets of experiments were carried 

out for assessing the effect of blast induced 

ground vibrations on green concrete: 

1. Close field ground vibration 

monitoring at freshly poured concrete 

by triaxial geophones 

2. Measurement of curing characteristics 

like strength and temperature release of 

freshly poured concrete/green concrete 

by a device called Zone-cure at 

vibration free zone 

3. Measurement of curing characteristics 

like strength and temperature release of 

freshly poured concrete/green concrete 

at vibration exposed zone 

 

Figure 2. Freshly poured concrete near blasting sites at Bangalore Metro Rail Project 

 

Some experiments were carried out during base 

slab concrete works of a Metro construction 

works in India to find out the vibration criteria 

for freshly poured concrete of age 0 to 4 hours. 

From the temperature history graphs it was 

found that the temperature of concrete starts 

increasing after 2 hours, which is the indication 

of curing process. At the experimental site the 

structural concrete was exposed to a blast 

induced vibration with peak particle velocity 

(PPV) level of 46 mm/s, which was still less 

that the threshold limit suggested by Oriard 

(1980). The vibration monitoring was carried 

out by engineering seismograaph of Instantel 

make (Canada), which contains triaxial 

geophones as shown in Figure 3.  The vibration 

level was exposed at 3 hour 15 minutes from 

concreting. The vibration exposure took place 

twice with a gap of 5 minute. There was another 

site with same structural concrete kept without 

any exposure of vibrations. After 15 days of 

curing, samples of both the sites were tested for 

strength. The in-situ strength was tested by a 

Concrete Maturity Testing Systems called 

ZoneCure. Very interestingly the strength of 

vibration free concrete sample measured was 
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40.2 MPa and that of vibration exposed samples 

was 31.5 MPa. This indicates the vibration 

exposure resulted in strength reduction of 22%, 

which is very substantial one. 

 

 

Figure 3. Vibration monitoring by engineering seismograph near the green concrete. 

Similar experiments were conducted on 

samples of 3 hours age and with exposure of 

PPV 48.5 mm/s and observed 23.5% reduction 

in strength. This indicates that no chance of 

exposure of vibrations should be taken for the 

freshly poured concrete of age 2 to 4 hour, 

although the existing global vibration criteria is 

liberal for concrete up to 4 hour age.    

Therefore, the paper recommends that the green 

concrete up to 4 hour age is also vulnerable for 

vibrations above 40 mm/s and stresses for need 

of more research and experiments in this 

direction. 

4. Results and discussions 

Both strength and temperatures were monitored 

by fixing concrete curing measurement system 

Zone-cure at the site. The strength was 

measured for every 12 hours for a period of 15 

days and temperature was measured for every 2 

hours for a period of 24 hour. The experiment 

of strength and temperatures was carried out for 

a green concrete, which was exposed to a 

vibration level of 46-48.5 mm/s. The same 

experiment was carried out for a green 

concrete, which was not exposed to any 

vibration level.  The experimental results of 

strength and temperatures are given in Table 2 

and 3 respectively.  The temperature 

monitoring indicates that curing process, i.e. 

cement bonding, starts between 2 to 4 hours as 

the rise in temperature is evident. The fall in 

strength after 15 days to the vibration exposed 

concrete indicate that there is substantial 

influence of vibration even at the levels of 46-

48.5 mm/s. 
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Table 2. Experimental results of strength versus time in green concrete 

 
Sl 

No. 

No. of 

hours 

Strength of green concrete 

without exposing vibrations 

Strength of green concrete with 

exposing vibrations (46-48.5 mm/s) 

1 12 7.5 4.5 

2 24 15.5 11.5 

3 36 20 14.75 

4 48 25 19.5 

5 60 27.5 21.75 

6 72 30.3 24.3 

7 84 33.5 27.25 

8 96 35 28.5 

9 108 36 29.25 

10 120 37 30 

11 132 38 30.75 

12 144 38.5 31.25 

13 156 38.75 31.25 

14 168 39 31 

15 360 40.2 31.5 

 

Table 3. Experimental results of temperature versus time in green concrete 

 
Sl 

No. 

No. of 

hours 

Strength of green concrete 

without exposing vibrations 

Strength of green concrete with 

exposing vibrations (46-48.5 mm/s) 

1 0 28 28 

2 2 25 25 

3 4 27 26 

4 6 32 29 

5 8 40 37 

6 10 51 45 

7 12 58 50 

8 14 55 48 

9 16 50 45 

10 18 47 42 

11 20 45 40 

12 22 40 39 

13 24 36 35 

 
5. Conclusions 

The effect of vibrations on green concrete is an 

important issue in most of the civil construction 

projects where both blasting and concreting go 

simultaneously for crashing the duration of 

projects. Some experiments were carried out 

during base slab concrete works of a Metro 

construction works in India to find out the 

vibration criteria for freshly poured concrete of 

age 0 to 4 hours. From the temperature history 

graphs it was found that the temperature of 

concrete starts increasing after 2 hours, which 

is the indication of curing process. At the 

experimental site the structural concrete was 

exposed to a blast induced vibration with peak 

particle velocity (PPV) level of 46 mm/s, which 

was still less than the threshold limit suggested 

by Oriard (1980). The vibration level was 

exposed at 3 hour 15 minutes from concreting. 

The vibration exposure took place twice with a 

gap of 5 minute. There was another site with 

same structural concrete kept without any 

exposure of vibrations. After 15 days of curing, 

samples of both the sites were tested for 

strength. Very interestingly the strength of 

vibration free concrete sample measured was 

40.2 MPa and that of vibration exposed samples 

was 31.5 MPa. This indicates the vibration 

exposure resulted in strength reduction of 22%, 

which is very substantial one. 

Similar experiments were conducted on 

samples of 3 hours age and with exposure of 

PPV 48.5 mm/s and observed 23.5% reduction 

in strength. This indicates that no chance of 
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exposure of vibrations should be taken for the 

freshly poured concrete of age 2 to 4 hour, 

although the existing global vibration criteria is 

liberal for concrete up to 4 hour age.    

Therefore, the paper recommends that the green 

concrete up to 4 hour age is also vulnerable for 

vibrations above 40 mm/s and stresses for need 

of more research and experiments in this 

direction. The lower time limit of 0 – 4 hrs 

should be kept of 0 – 3 hrs hours as the cement 

starts curing after three hours and the vibration 

threshold of 50 mm/s should be changed as 40 

for structural concrete for the first 3 hours 

exposure to ground vibrations.  
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ABSTRACT 

Groundwater samples collected from fifty eight tube wells from Anandapur subdivision of Keonjhar 

district, Odisha are examined for their quality and suitability for different purposes. The groundwater is 

faintly acidic to feebly alkaline in nature. The chemical parameters are well within the limits set by World 

Health Organisation and Bureau of Indian Standards and thus are suitable for drinking. At some places, 

the waters are hard and need softening treatment. Chemical parameters like sodium absorption ratio, 

residual sodium carbonate, permeability index, sodium percent, potential soil salinity, Kelley's ratio and 

magnesium ratio of most of the groundwater samples of Anandapur subdivision are well within the 

tolerable limits and thus are suitable for irrigation. The corrosive ratio and other chemical parameters 

of groundwater suggest their non-incrustative nature. Some of the groundwater are unsuitable for 

industrial use.  

Key Words: Groundwater quality, Sodium absorption ratio, Residual sodium carbonate, Permeability 

index, Sodium percent, Potential soil salinity, Kelley's ratio, Magnesium ratio, Anandapur subdivision. 

 

INTRODUCTION 

Water is indispensable for domestic, irrigation 

and industrial needs. The quality requirements of 

water for these purposes are different and depend 

largely on the water chemistry. Since the surface 

water sources are limited and polluted to large 

extent, attention is being paid to utilise 

groundwater now a days. The Anandapur 

subdivision is one of the populous parts of 

Keonjhar district of Odisha. Though the Iron Ore 

Supergroup forms the basement, thick alluvial 

cover in the floodplain of river Baitarani and its 

tributaries support cultivation to a large extent. 

Some industrial units have come up keeping pace 

with industialisation of the country.  Since the 

demand of water is increasing day by day, 

attempts have been made in the present work to 

study the hydrogeochemistry of post-monsoon 

groundwater of Anandapur subdivision of 

Keonjhar district and their suitability for use in 

different fields. 

STUDY AREA 

The study area is bounded by latitudes 21 01′ - 

21 15′ north and longitudes 85 58′ - 86 20′ east 

covering an area of about 950 Km2 in the eastern 

part of Keonjhar district (Fig.1). The Iron Ore 

Supergroup comprising different varieties of 

quartzites and granites forms the basement 

overlain by laterite of Tertiary age and alluvium 

of recent origin. Ultrbasic rocks hosting chromite 

and associated nickel and PGE group of elements 

have intruded into the Iron Ore Supergroup in the 

northeastern part of the study area. A number of 

minor to major water harvesting structures have 

been constructed to meet the water need of the 

subdivision. Hadagarh project is the largest 

among them that spreads over an area of about 65 

Km2. 
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Fig.1:  Location map of the study area showing villages from which groundwater samples were collected 

 

METHODOLOGY 

Water samples from fifty eight tube wells were 

collected from different parts of Anandapur 

subdivision (Fig.1) during the post-monsoon 

season (November – December) of 2014. 

Electrical conductivity (EC) and pH of the water 

samples were measured by digital meters in the 

field immediately after sampling. Major cations 

(Na+, K+, Ca2+ and Mg2+) and anions (CO3
2-, 

HCO3
-, Cl- and SO4

2-) including total hardness 

(TH) and alkalinity (TA) of the water samples 

were determined following standard analytical 
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procedures (Trivedy and Goel, 1984; Gupta, 

2004, Jaiswal, 2004; Gray, 2005; APHA, 2005 

and Hota, 2011). Ca2+, CO3
2-, HCO3

- and Cl- were 

determined by volumetric titrations. Na+ and K+ 

were estimated by flame photometer and SO4
2- 

was estimated by spectrophotometer. Total 

dissolved solid (TDS) was estimated from EC 

and Mg2+ was calculated from TH and Ca2+ by 

employing standard equations. Chemical 

parameters like sodium absorption ratio (SAR), 

residual sodium carbonate (RSC), permeability 

index (PI), percent sodium (% Na), potential soil 

salinity (PS), Kelley’s ratio (KR) magnesium 

ratio (MR) and corrosive ratio (CR) were 

computed by standard equations (Wilcox, 1955; 

Doneen, 1962; Richards, 1954; Raghunath, 1987 

and Kelley et al., 1940).  

QUALITY OF GROUNDWATER 

Water is a universal solvent. The salts present in 

it are primarily derived from the rocks and soils 

through which it moves to arrive at the well. All 

the groundwater contain some amount of salts in 

solution, though the content varies from less than 

25 mg/l in quartzite springs to more than 300,000 

mg/l in brines (Todd, 1980). The quality 

requirement of groundwater depends on the field 

of use. The criteria of drinking, irrigation and 

industrial waters vary within wide limits. A 

particular type of water, which is suitable for 

industrial use, may not be fit for irrigation and 

highly incompatible for drinking. The pH, 

electrical conductance (EC), total dissolved 

solids (TDS), measured and calculated values of 

common ions of groundwater from different 

villages of Anandapur subdivision in post-

monsoon season of 2014 are presented in Table 

1. The pH of water is an indicator of its hydrogen 

ion concentration and geochemical equilibrium 

(Hem, 1985). In the study area the pH varies from 

6.87 to 8.56 suggesting slightly acidic to feebly 

alkaline nature of the groundwater. The electrical 

conductance (EC) varies from 172 to 1485 µs/cm 

from which the amounts of total dissolved solid 

are estimated to be 110.8 to 933 mg/l. Total 

alkalinity and hardness values vary from 70 - 460 

and 90 - 600 mg/l respectively. Out of the major 

cations, Ca2+ (20 - 100 mg/l) dominates over 

Mg2+ (2.46 – 95.41 mg/l), while Na+ and K+ are 

present in subordinate amounts being 0.08 – 

34.51 and 0.28 – 9.77 mg/l respectively. CO3
2- 

has not been reported from any of the water 

sample, which may be due to absence of 

limestone and dolomite in the study area. 

Bicarbonate is the dominant anion (24 - 268 mg/l) 

which is possibly derived from carbon dioxide 

released by organic decomposition in the soil 

(Todd, 1980). Sulphate and chloride contents of 

groundwater vary from 5.20 – 107.50 and 20 – 

260 mg/l respectively. 

Drinking and Domestic Use 

Drinking and domestic consumptions are the 

most common and important fields of water use. 

Since major part of Anandapur subdivision is 

underlain by hard rocks, the shallow dug wells 

generally go dry during summer months. Hence, 

the people of the subdivision depend on deep tube 

wells to meet their water need. Drinking water 

standards have been enunciated by World Health 

Organisation (WHO, 2004) and Bureau of Indian 

Standards (BIS, 1991). Comparison with these 

standards (Table 2) indicates that almost all the 

chemical parameters of the groundwater are 

within the permissible range. Hardness of 

groundwater is due to the presence of divalent 

metallic cations out of which Ca2+ and Mg2+ are 

most important (Todd, 1980). These ions react 

with soap to form precipitates making the water 

unsuitable for household cleansing. The hardness 

classification of water after Sawyer and McCarty 

(1967) is given in Table 3. Comparison with the 

table indicates that 7 groundwater samples are 

moderately hard, 44 are hard and 7 are very hard 

and thus require water-softening treatment. 
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Table 1. Chemical parameters of the pre-monsoon groundwater of the Anandapur subdivision (Unit of EC is µs/cm, units of TDS, TA, TH, cations and anions are mg/l) 

Sl. No Village pH EC TDS TA TH Ca2+ Mg2+ Na+ K+ HCO3
- SO4

2- Cl- SAR RSC PI % Na PS KR MR CR 

1 Alati 7.73 422 270 220 180 45 16.44 2.32 1.41 134 5.80 40 0.08 -1.40 42.80 3.67 1.19 0.03 37.58 0.47 

2 Anandapur 7.55 658 421 220 250 50 30.41 4.38 2.40 154 15.80 70 0.12 -2.47 34.30 4.80 2.14 0.04 50.07 0.75 

3 Angarua 7.69 530 339 370 285 30 51.05 2.07 0.63 125 52.50 80 0.05 -3.65 26.29 1.83 2.80 0.02 73.72 1.34 

4 Bamphidi 7.42 172 110 100 115 40 3.67 2.15 1.35 100 8.40 20 0.09 -0.66 57.44 5.28 0.65 0.04 13.15 0.37 

5 Bangur 7.41 490 314 170 250 45 33.45 1.08 0.73 130 17.40 80 0.03 -2.87 29.87 1.30 2.44 0.01 55.06 1.01 

6 Barigaon 7.48 215 138 110 110 28 9.74 0.72 0.80 65 15.50 25 0.03 -1.13 47.69 2.30 0.87 0.01 36.45 0.79 

7 Baripata 7.80 650 416 320 310 40 51.06 3.42 2.02 180 22.30 85 0.08 -3.25 29.41 3.13 2.63 0.02 67.79 0.79 

8 Belabahali 7.58 1430 915 460 480 35 95.41 1.56 1.19 155 15.60 240 0.03 -7.05 17.20 1.02 6.93 0.01 81.80 2.29 

9 Bhalkuna 7.51 711 455 310 275 50 36.49 2.40 1.15 171 8.70 80 0.06 -2.69 31.75 2.38 2.35 0.02 54.61 0.71 

10 Bhatasira 7.20 758 485 200 260 30 44.98 7.12 1.47 92 18.20 115 0.19 -3.69 27.92 6.26 3.43 0.06 71.19 1.97 

11 Bidyadharpur 8.47 356 228 210 180 50 13.40 2.96 1.58 122 16.60 40 0.10 -1.60 41.40 4.49 1.30 0.04 30.65 0.60 

12 Biragobindapur 7.61 568 364 250 200 65 9.16 7.04 1.96 146 12.50 55 0.22 -1.60 43.06 8.19 1.68 0.08 18.85 0.62 

13 Biridihi 7.63 803 514 390 220 25 38.29 6.96 9.77 171 11.50 60 0.20 -1.59 42.06 11.16 1.81 0.07 71.63 0.56 

14 Chenapadi 8.42 316 202 150 150 45 9.15 1.26 1.08 85 11.80 45 0.04 -1.60 40.46 2.68 1.39 0.02 25.10 0.89 

15 Dadhibamanpur 7.56 380 243 180 180 45 16.44 1.55 0.81 92 18.40 55 0.05 -2.09 35.34 2.39 1.74 0.02 37.58 1.05 

16 Dasharathipur 7.62 511 327 220 220 65 14.02 2.04 1.34 159 13.10 45 0.06 -1.79 37.97 2.72 1.41 0.02 26.23 0.48 

17 Deogaon 7.29 1150 736 280 400 85 45.63 3.45 2.10 133 58.00 170 0.08 -5.81 19.97 2.49 5.40 0.02 46.95 2.25 

18 Dhakotha 7.78 525 336 320 250 65 21.31 2.51 1.46 134 30.00 70 0.07 -2.80 31.16 2.85 2.29 0.02 35.09 0.97 

19 Ghasipura 8.48 425 272 150 220 65 14.02 1.03 0.97 104 6.40 80 0.03 -2.69 30.40 1.56 2.32 0.01 26.23 1.15 

20 Gohira 7.51 507 324 230 220 38 30.40 2.78 1.53 110 14.70 75 0.08 -2.59 32.39 3.51 2.27 0.03 56.88 1.10 

21 Hadagarh 8.56 425 272 190 180 30 25.54 0.08 0.28 104 6.60 60 0.00 -1.89 36.35 0.29 1.76 0.00 58.39 0.88 

22 Hatibandha 7.46 999 639 340 310 38 52.28 8.58 1.92 159 15.30 110 0.21 -3.59 30.25 6.38 3.26 0.06 69.40 1.07 

23 Kainipura 8.48 345 221 160 170 50 10.97 0.34 0.52 67 17.80 60 0.01 -2.30 31.14 0.82 1.88 0.00 26.56 1.54 

24 Kaniari 8.43 186 119 100 110 25 11.56 0.14 0.34 49 8.50 40 0.01 -1.40 40.93 0.66 1.22 0.00 43.26 1.33 

25 Kantipal 7.60 750 480 320 325 63 40.75 3.12 1.42 120 18.80 135 0.08 -4.53 23.19 2.58 4.00 0.02 51.60 1.75 

26 Kanto 7.58 603 386 260 220 35 32.22 3.21 2.35 140 10.00 65 0.09 -2.10 36.47 4.34 1.94 0.03 60.28 0.73 

27 Kathapal 7.76 533 341 280 200 60 12.19 6.17 1.11 183 12.90 40 0.19 -1.00 46.89 6.91 1.26 0.07 25.10 0.38 

28 Kendua 7.77 497 318 250 230 80 7.35 0.77 0.83 171 8.80 45 0.02 -1.79 36.88 1.17 1.36 0.01 13.15 0.42 

29 Khaliamenta 7.79 652 417 330 200 60 12.19 5.97 5.49 195 7.00 30 0.18 -0.80 48.10 9.10 0.92 0.06 25.10 0.25 

30 Kochianendi 7.85 457 292 220 210 70 8.56 0.74 0.81 150 8.40 50 0.02 -1.74 37.84 1.24 1.50 0.01 16.77 0.53 

31 Manoharpur 7.86 400 256 190 170 60 4.90 1.57 1.20 146 9.80 30 0.05 -1.00 46.61 2.83 0.95 0.02 11.87 0.36 

32 Marichapara  7.81 385 246 150 180 53 11.58 0.20 0.39 98 7.00 55 0.01 -1.99 35.39 0.52 1.62 0.00 26.48 0.86 

33 Mithigaon 8.41 345 221 140 190 43 20.08 1.27 0.46 100 12.50 60 0.04 -2.16 34.66 1.73 1.82 0.01 43.50 0.98 

34 Mouda 7.73 397 254 200 200 53 16.44 2.25 1.39 110 37.00 55 0.07 -2.19 35.18 3.23 1.94 0.02 33.84 1.05 

35 Nahangi 7.61 484 310 380 150 40 12.18 7.53 1.97 130 8.60 35 0.27 -0.87 53.74 11.20 1.08 0.11 33.42 0.45 

36 Nandabara 7.09 210 134 70 90 20 9.74 0.14 0.34 49 6.70 30 0.01 -1.00 49.99 0.81 0.92 0.00 44.52 1.00 
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Sl. No Village pH EC TDS TA TH Ca2+ Mg2+ Na+ K+ HCO3
- SO4

2- Cl- SAR RSC PI % Na PS KR MR CR 

37 Narangpur 7.30 1270 813 180 600 100 85.13 5.46 4.11 122 107.5 260 0.10 -9.99 13.50 2.78 8.45 0.02 58.39 3.92 

38 Orali 7.46 415 266 220 200 45 21.30 1.79 1.27 145 10.10 45 0.06 -1.62 39.74 2.68 1.37 0.02 43.83 0.51 

39 Ostapura 7.40 409 262 160 170 48 12.19 3.89 2.00 116 12.00 50 0.13 -1.50 43.40 6.09 1.54 0.05 29.50 0.71 

40 Paikchatra 7.21 463 296 155 165 45 12.79 2.18 1.37 37 20.00 80 0.07 -2.69 25.75 3.79 2.47 0.03 31.91 3.61 

41 Panchupali 7.45 281 180 130 150 38 13.39 0.49 0.64 85 10.70 50 0.02 -1.60 39.80 1.24 1.52 0.01 36.75 0.96 

42 Patsura 7.67 655 419 320 270 75 20.10 3.23 1.67 220 7.00 50 0.09 -1.79 36.83 3.28 1.48 0.03 30.65 0.35 

43 Purunabandhagoda 7.36 475 304 270 260 70 20.71 1.49 1.17 268 13.60 35 0.04 -0.80 41.07 1.79 1.13 0.01 32.78 0.24 

44 Sailang 8.33 482 308 150 200 55 15.23 2.81 1.53 116 18.40 60 0.09 -2.10 36.44 3.88 1.88 0.03 31.34 0.89 

45 Sainkul 8.08 584 374 330 260 55 29.81 1.90 1.30 195 6.10 55 0.05 -2.00 35.43 2.18 1.62 0.02 47.19 0.43 

46 Salabani 7.12 268 172 90 120 40 4.89 1.82 1.28 55 9.60 50 0.07 -1.50 41.52 4.46 1.51 0.03 16.77 1.46 

47 Saladei 7.60 686 439 340 220 70 10.99 5.79 4.95 200 10.00 50 0.17 -1.12 44.37 7.92 1.51 0.06 20.56 0.40 

48 Salapada 7.80 535 342 230 245 63 21.31 0.21 0.40 145 15.50 65 0.01 -2.52 31.61 0.39 2.00 0.00 35.80 0.74 

49 Sankhana 8.31 225 144 100 110 40 2.46 0.17 0.36 61 5.20 35 0.01 -1.20 45.67 0.75 1.04 0.00 9.20 0.90 

50 Sankho 7.60 424 271 240 210 75 5.52 1.54 1.19 159 10.10 40 0.05 -1.59 39.43 2.27 1.23 0.02 10.82 0.42 

51 Similia 7.72 408 261 240 200 45 21.30 2.78 1.66 122 15.60 55 0.09 -2.00 37.27 3.93 1.71 0.03 43.83 0.77 

52 Suanpada 7.67 805 515 250 340 80 34.08 5.77 0.29 256 19.70 65 0.14 -2.60 32.63 3.66 2.04 0.04 41.25 0.44 

53 Sundarpal 6.87 285 182 70 110 20 14.60 0.12 0.32 24 18.50 50 0.00 -1.81 28.70 0.60 1.60 0.00 54.61 3.74 

54 Talagaon 8.17 584 374 290 240 60 21.91 3.32 1.70 171 24.60 45 0.09 -1.99 36.80 3.77 1.53 0.03 37.58 0.52 

55 Tangar 7.57 966 618 260 290 78 23.14 6.94 9.65 134 17.10 130 0.18 -3.60 29.25 8.65 3.85 0.05 32.85 1.50 

56 Tarimula 7.76 480 307 220 220 70 10.99 2.12 1.36 134 16.30 55 0.06 -2.20 35.07 2.81 1.72 0.02 20.56 0.70 

57 Tukuna 7.51 439 281 190 180 50 13.40 1.49 1.17 120 7.90 50 0.05 -1.63 40.06 2.57 1.49 0.02 30.65 0.66 

58 Ujuni 7.74 1458 933 420 290 70 28.00 34.5 6.26 164 88.00 100 0.88 -3.11 43.04 22.28 3.74 0.26 39.74 1.42 
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Table 2. Comparison of water parameters with those of BIS (1991) and WHO (2004) 

Parameter WHO 

(2004) 

BIS (1991) Present study 

Highest 

desirable 

Maximum 

permissible 

Minimum Maximum 

pH 6.5 – 8.5 6.5 8.5 6.87 8.56 

Electrical Conductance 400 - 2000 --- --- 172 1458 

Total Dissolved Solid 500 - 1000 500 2000 110.8 933 

Total Alkalinity 75 - 400 200 600 70 460 

Total Hardness --- 300 600 90 600 

Calcium 100 - 200 75 200 20 100 

Magnesium 30 - 50 30 100 2.46 95.41 

Sodium 20 - 175 --- --- 0.08 34.51 

Potassium 10 - 12 --- --- 0.28 9.77 

Bicarbonate --- 200 600 24 268 

Sulphate 25 - 250 200 400 5.20 107.50 

Chloride 25 - 600 250 1000 20 260 

 

 

Table 3. Hardness classification of water after Sawyer and McCarty (1967) 

Hardness (mg/l as CaCO3) Water Class Number of sample 

0 - 75 Soft 00 

75 – 150 Moderately hard 07 

150 – 300 Hard 44 

> 300 Very hard 07 

 

 

Irrigation Use 

Suitability of water for irrigation depends upon 

several factors out of which quality of water, soil 

type and character, salt tolerance of plants, 

climate and drainage are noteworthy (Michael, 

1990). Presence of soluble salts in excess 

amounts causes harm to the crops. Thus, proper 

understanding of the groundwater chemistry is 

necessary to adjudge the suitability of 

groundwater for irrigation. The groundwater 

quality data interpretation for irrigation has been 

carried out as per the guidelines given by Ayers 

(1977) and Christiansen et al. (1977). Different 

chemical parameters like sodium absorption ratio 

(SAR), residual sodium carbonate (RSC), 

permeability index (PI), sodium percent (% Na), 

potential soil salinity (PS), Kelley's ratio (KR) 

and magnesium ratio (MR) are presented in Table 

1. The suitability of water for irrigation depends 

upon the total dissolved solids (TDS) and the 

sodium content in relation to the amounts of 

calcium and magnesium (Alagbe, 2006). It is 

seen that out of 58 water samples there is no 

problem in 48 cases and some problem in 10 

cases (Table 4). There is a significant relationship 

between SAR values of irrigation water and the 

extent to which sodium is absorbed by the soil. If 

the sodium content of water is high and calcium 

content is low; the ion-exchange makes the soil 

saturated with Na+, as a result of which, the soil 

structure is adversely affected by dispersion of 

clay particles (Todd, 1980). Excess sodium with 

respect to limited calcium and magnesium is 

evaluated by SAR which is expressed as: 

+

2+ 2+

Na
SAR = 

(Ca + Mg )/2
   where all concentrations are expressed in meq/l 
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Table 4. Salinity levels of water (after Ayers, 1977) 

EC (µS/cm) TDS Effect Number of samples 

0 - 750 0 - 480 No problem 48 

750 - 2750 480 - 1760 Increasing problem 10 

>2750 >1760 Severe problem 00 

 

The SAR values of groundwater are presented in 

Table 1. Low SAR values up to 10 indicate little 

danger from sodium. Medium hazard, high 

hazard and very high hazard occur with SAR 

values within 10-18, 18-26 and above 26 

respectively. The lower the ionic strength of 

groundwater, the greater is the sodium hazard for 

a given SAR value. The calculated values of SAR 

in the study area range from 0 to 0.88 (Table 1) 

suggesting excellent quality of the groundwater 

for irrigation. 

 

The excess of carbonate and bicarbonate together 

over the sum of calcium and magnesium in 

groundwater also affects the suitability of 

groundwater for irrigation. Higher quantity of 

sodium bicarbonate and carbonate is considered 

to be harmful to the physical properties of soils as 

it causes dissolution of organic matter in the soil 

leaving black stain on drying. This surplus is 

denoted by residual sodium carbonate (RSC) and 

is calculated by the formula: 

 

RSC = (CO3
2-+HCO3

-) – (Ca2++Mg2+)     where all concentrations are expressed in meq/l 

 

The RSC values of groundwater of Anandapur 

subdivision range from - 9.99 to - 0.66 (Table 1), 

which indicate that all water samples are safe and 

suitable for agriculture. 

Permeability of the soil is influenced by the 

sodium content of irrigation water (Domenico 

and Schwartz, 1990). The permeability index (PI) 

is calculated by the following formula: 
+ -

3

+ 2+ 2+

Na + HCO
PI =  × 100

Na + Ca + Mg      

where all concentrations are expressed in meq/l 

Out of the 58 groundwater samples, 53 fall in 

class-I and 5 fall in class-II fields of Doneen's 

chart (Fig. 2). On the basis of the permeability 

index, it can be affirmed that the groundwater of 

the study area are of good quality for irrigation 

purposes barring a few exceptions.  

Sodium concentration is also important in 

classifying irrigation water as sodium reacts with 

soil to diminish its permeability. Soils containing 

large amounts of sodium with carbonate as the 

predominant anion are termed as alkali soils; 

those with chloride and sulfate as the 

predominant anions are saline soils. Usually both 

types of sodium saturated soils hamper plant 

growth (Todd, 1980). Sodium concentration is 

usually expressed in terms of percent sodium (% 

Na) and is defined by: 

 

+ +

+ + + +

(Na + K ) 100
% Na = 

Na + K + Ca + Mg



      

where all concentrations are expressed in meq/l 

 

Irrigation waters are classified into five types on 

the basis of sodium percent. These classes are 

excellent, good, permissible, doubtful and 

unsuitable with % Na up to 20, 20 –40, 40 – 60, 

60 – 80 and more than 80 respectively. The 

sodium percentages of the groundwater samples 

of the study area vary from 0.29 to 22.28 (Table 

1) and thus are excellent to good for irrigation. 
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Fig.2: Plotting of groundwater data in Doneen’s diagram 
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The United States Salinity Laboratory diagram 

(Fig. 3) based on sodium absorption ratio (SAR) 

vis-a-vis specific conductance (EC) values 

determines the suitability of water for agricultural 

purpose (Richards, 1954). All the 58 groundwater 

samples fall in C1S1, C2S1 and C3S1 fields 

suggesting their low salinity and lower alkali 

character and thus are suitable for irrigation 

purpose. 

 

Fig.3: Plotting of groundwater data in U.S. Salinity diagram 

 

Doneen (1962) proposed a classification of 

irrigation water on the basis of potential soil 

salinity (PS), which is an improvement over the 

U.S soil salinity diagram. The potential soil 

salinity (PS) is calculated by the sum of chloride 

and half of sulphate ions expressed in meq/l, i.e. 

PS = Cl- +½ SO4
2- 
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In the present study, the potential soil salinity 

(PS) varies from 0.65 – 8.45 meq/l. In 55 samples 

the PS values are less than 5, which suggest 

excellent to good quality of groundwater. In the 

remaining three cases the PS values are more than 

5. These waters are good to injurious for 

irrigation (Table 5). 

 

Table 5. Classification of groundwater on the basis of potential soil salinity  

Water class  PS Number of samples 

Excellent to good <5 55 

Good to injurious 5 - 10 03 

Injurious to unsuitable >10 00 

 

Kelley et al. (1940) have suggested that the 

sodium problem in irrigation water can be 

expediently worked out on the basis of Kelley's 

ratio (KR) which is as follows: 

+

2+ 2+

Na
Kelley's ratio = 

Ca + Mg
 where all concentrations are expressed in meq/l 

Groundwater with Kelley's ratio more than one is 

considered as unsuitable for irrigation. In the 

present case it varies from 0 to 0.26 (Table 1), 

suggesting the suitability of the groundwater for 

irrigation. 

Generally calcium and magnesium present in 

water maintain a state of equilibrium. More Mg2+ 

in water affects the soil quality adversely making 

it alkaline and thus reduction in crop yield 

(Paliwal, 1972). The magnesium ratio is 

expressed as: 

2+

2+ 2+

Mg × 100
MR = 

Mg + Ca
 where all concentrations are expressed in meq/l 

The magnesium ratio of the groundwater samples 

varies from 9.20 to 81.80 (Table 1). Fifteen out of 

fifty eight water samples (26%) have magnesium 

ratios more than 50. In these cases, magnesium 

hazard is likely to affect crop production 

adversely by development of alkalinity in soils. 

Industrial Use 

The quality requirements of waters used in 

different industries vary widely; for example, 

water of very low quality like sea-water can be 

used for cooling of condensers, whereas waters 

for high-pressure boilers must meet rigorous 

criteria. Even, within each industry, criteria 

cannot be established satisfactorily; instead, only 

recommended limiting values or ranges can be 

stated (Todd, 1980). However, some general 

characteristics related to corrosion and 

incrustation properties are significant for all the 

industries. The corrosive property can be known 

from the pH of the water sample as acidic water 

with pH less than 7.00 tend to be corrosive. With 

respect to pH, the groundwater of Sunderpal with 

pH 6.87 is corrosive (Table 1). With respect to 

electrical conductivity, all the samples are 

noncorrosive as they have values less than 1500 

µs/cm. With respect to chloride, all the samples 

are noncorrosive as the maximum concentration 

of chloride is 260 mg/l (less than 500 mg/l) in the 

study area. The corrosive property can also be 

quantified with respect to corrosive ratio (CR), 

which is given below: 

2--

4

2- -

3 3

SOCl
+

35.5 48Corrosive ratio = 
(CO + HCO )

50

 where all ionic concentrations are expressed in mg/l 
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The corrosive ratio of the water samples varies 

from 0.24 to 3.92 (Table 1). Since the CR values 

of nineteen water samples are more than 1.00 

(Table 1), they are unsuitable for industrial use. 

All the groundwater samples have very low 

concentrations of HCO3
-(< 400 mg/l) and SO4

2-(< 

100 mg/l) and thus are non-incrustative. 

SUMMARY AND CONCLUSION 

The purpose of the present study is to assess the 

post-monsoon groundwater of Anandapur 

subdivision of Keonjhar district for their 

suitability for domestic, irrigation and industrial 

uses. Different parameters like total dissolved 

solid (TDS), sodium absorption ratio (SAR), 

residual sodium carbonate (RSC), permeability 

index (PI), sodium percent (Na%), potential soil 

salinity (PS), Kelley's ratio, magnesium ratio 

(MR) and corrosive ratio (CR) were calculated 

and assessed. Most of these parameters suggest 

that the groundwater is suitable for domestic and 

irrigation purposes. Plot of groundwater 

parameters in Doneen’s and US salinity diagrams 

support the above findings. In totality, the 

groundwater of the study area are suitable for 

domestic, irrigation and industrial uses with a few 

exceptions.  

REFERENCES 

Alagbe, S. A. (2006) Preliminary evaluation of 

hydrochemistry of the Kalambaina 

Formation, Sokoto Basin, Nigeria. Jour. of 

Environmental geology, v. 51, pp. 39 - 45. 

American Public Health Association (APHA) 

(2005) Standard methods for the 

examination of the water and waste water, 

1134 p. 

Ayers, R. S. (1977) Quality of Water for 

Irrigation, Jour. Irrigation and Drainage 

Div., ASCE, v.l03, pp. 135-154. 

Bureau of Indian Standard (1991) Indian 

Standard for Drinking Water (IS 10500-

1991) 

Christiansen, J. E., Olsen, E. C. and Willardson, 

L. S., (1977) Irrigation Water Quality 

Evaluation, Jour. Irrigation and Drainage 

Div., ASCE, v.l03, pp. 155-169. 

Doneen, L. D. (1962) The influence of crop and 

soil on percolating water, Proc. 11961 

Biennial conference on Groundwater 

Recharge, pp.156-163. 

Gray, N. F. (2005) Water Technology: An 

introduction for Environmental scientists 

and engineers. Elsevier, Amsterdam, 645p. 

Gupta, P. K., (2004) Methods in Environmental 

Analysis: Water, Soil and Air. Agrobios 

Publication, Jodhpur, India, 322p. 

Hem, J. D. (1985) Study and interpretation of the 

chemical characteristics of natural water. 

USGS, Water Supply Paper 2254, 264 

Hota, R. N. (2011) Geochemical analysis, CBS 

Publishers and Distributors, New Delhi, 

116p. 

Jaiswal, P. C. (2004) Soil, plant and water 

analysis, Kalyani Publishers, Ludhiana, 

213p. 

Kelley, W. P., Brown, S. M. and Leibig, G. I. (Jr.) 

(1940) Chemical effects of saline irrigation 

water on soils, Soil Science, v.49, pp. 95-

107. 

Michael, A. M., (1990) Irrigation: Theory and 

Practice, Vikas Publishing House Pvt. Ltd. 

New Delhi, 801p. 

Raghunath, H. M., (1987) Groundwater. Wiley 

Eastern, New Delhi, 563p. 

Richards, L. A. (Ed.) (1954) Diagnosis and 

improvement of saline and alkaline soils, 

Agric. Handbook 60, U.S. Dept. of Agri., 

Washington D.C., 160p. 

Todd, D. K., (1980). Groundwater Hydrology, 

Wiley, New York, 535p. 

Sawyer, C. N. and Mc Carty, P. L. (1967) 

Chemistry for sanitary engineers, 2nd edition, 

McGrow Hill, New York, 518p. 



 

 
SGAT BULLETIN VOL.16, NO.1, JUNE 2015 

40 

Trivedy, R. K. and Goel, P. K. (1984) Chemical 

and biological methods for water pollution 

studies. Env. Publ., Karad, India, 215p. 

World Health Organisation (2004) Guideline of 

Drinking water quality in Health criteria and 

other supporting information. World health 

Organization, 2:336 

Wilcox, L. V. (1955) Classification and use of 

irrigation water. U. S. Dept. of Agric.  

Circ.969, Washington D.C., 19p. 



SGAT Bulletin 
Vol.16, No.1, June 2015 pp 41-43 

 

0972-2173/2015-16-1© SGAT, BHUBANESWAR 
 

SEVEN BILLION DREAMS: ONE PLANET, CONSUME WITH CARE 

Professor Madhab Chandra Dash 
Former Vice-Chancellor, Sambalpur University 

ABSTRACT 

One in eight people in the world every night goes to bed hungry. The situation happens also in Odisha. 

Ensuring that enough healthy, nutritious food is available for people everywhere is one of the most critical 

challenges we face. It involves increasing productivity, ensuring nutritional quality of food, safety from 

health point of view etc. From advancing the nutritional content of crops, to helping farmers and growers 

around the world increase their yields, finding better ways to ensure food safety, avoiding wastage of food 

and excess consumption, we have to work every day to get more good food and avoid excess consumption 

and waste. 

We have to accelerate significant research and development for ensuring that the world's growing 

population has enough food. In India, 263 million tonnes of cereals and pulses were produced in 2014-214 

kg per capita -586.30 grams per day. (1230 million people in India). Food availability and distribution is 

another point. For sustainable consumption, productivity has to be increased using green technology 

(present productivity - 0.86 tonnes/ha of pulses, ~2-3 tonnes of cereals/ha - this can be increased 3-4 times 

taking the example of western countries of Europe and North America). 

INTRODUCTION 

The World Environment Day’s (2015) theme is 

‘Seven Billion Dreams: One Planet, Consume 

with care’. Out of this seven billion, India 

contributes 1.3 billion - a huge number of dreams. 

The dreams are definitely associated with 

sustainable livelihood options. The over-

consumption issue, food wastage by the affluent 

countries and people and lack of food and hunger 

in many poor countries was discussed at length in 

the regional consultations in India for 

presentation before the review meeting of the 

actions taken after 1992 earth summit held at 

Johannesburg by UNO in 2002. The author 

happened to be the Chairman of the seminar, held 

at Bhubaneswar, involving discussions of Eastern 

zone states. The two days seminar was arranged 

by MoEF, New Delhi. The seminar was 

inaugurated by the Hon’ble Governor of Odisha. 

Keeping these aspects in mind, this paper reviews 

the state of the art. 

FOOD SECURITY 

In 2011 the global population reached 7 billion. 

India’s population reached 1.21 billion with 

annual growth of 1.41 per cent (world’s average 

is 1.3%). The global population has been 

estimated to reach 9 billion by 2050 and India’s 

population will reach 1.6 billion. It is obvious that 

there will be huge demand on food and fresh 

water. The ‘Green Revolution’ of 1960s helped 

India to overcome chronic shortage of food and 

reduced hunger. In India about 25% people are 

classified as Below Poverty Line (Census, 2011). 

It means about 300 million people do not have 

food security.  

 

Plate-1 in next page shows the situation of over 

population and lack of infrastructure facility for 

transport in India. One can imagine the need of 

resources, especially food and water for this huge 

population. 
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Plate-1:  The photograph is an indication of problems in India - photograph provided by Professor K.C. 

Sahu, Orlando, USA and formerly professor of Geology, IIT, Bombay, 

 

The livelihood options and rural economy are 

largely bio-resource based, especially on 

agriculture & horticulture (crops & fruits) as 

farmers, marginal farmers, labourers etc, engaged 

in home garden raising vegetables, fruits, flower 

and selling in the local market; keeping local 

breed cows and buffaloes for milk, selling dung 

cakes, ploughing; catching fish, prawn, turtle, 

from local river, rivulets, common property 

ponds, own ponds, goatery for meat, milk, skin, 

small poultry for meat and egg, keeping pigs for 

meat, and  skin, use local forests/ Gramya Jungle  

for firewood, fruits, honey, ayurved, plucking 

kendu leaf for making bidi, a type of cigarette; 

artisan work based on bamboo, cane, wood and 

other bio-resources. Traditional ecological 

knowledge and bio- resource management is 

important. 

Food grain production in India increased from 95 

million tons in 1967 and 108 million tonnes in 

1970s to 234 million tonnes in 2008, and to about 

250 million tons in 2011 (Prasad, 2009, TOI, 

2012). On an average 207 kg of food grain was 

available per capita in 2011 in India and this 

amounts to an average of 567 gram of food grains 

per capita per day. Total crop production and 

yield has increased considerably and has met 

food requirement of the people but considering 

the fact that India’s population is growing @1.41 

%, crop production has to be increased 

considerably for future requirement and another 

green technology based green revolution is 

needed.  

However the yield t/ha varied from 1 in 1967 to 

2.13 in 2011 for rice, 1.1 in 1967 to 2.9 in 2011 

for wheat, 1.1 in 1967 to 1.9 in 2011 for maize, 

0.5 to 0.6 for pulses (en.wikipedia.org/ 

wiki/Agriculture_in_India). The arable land area 

has increased from about 120-122 million ha to 

about 170 million ha and the irrigated crop area is 

about 85 million ha. The productivity has to be 

increased by applying green technology. In 

western countries, the cereal productivity is about 

3-4 tonnes per ha. Hence it will be possible to 

increase the productivity with proper water 

management, and application of appropriate 

technology. This is a challenge for our scientists. 

The pulses productivity can also be increased at 

least to 1 tonne per ha. At present agriculture 

accounts for 16% of GDP and 10% of export 

earnings. Vegetable and fruit production in India 

is at comfortable level but this can also be 

increased. Cold storage facilities are to be created 

on priority basis in every state, especially in 

south-eastern states. Odisha needs these facilities 

in every district/sub-divisions. 

Agriculture continues to be the largest sector in 

terms of employment, largely for the unskilled 

people as labourers. However the contribution of 
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agriculture sector to India’s GDP has fallen from 

30% in 1990-1991 to 14.5% in 2011-2012 (S P 

Dash, 2012) indicating that the economy is 

changing from agrarian to other sectors. 

Agriculture remains for sustenance and 

livelihood largely for the rural people. The 

income from these occupations is at subsistence 

level and does not meet the family requirements 

fully. To meet the challenge, agricultural 

productivity has to be increased and food should 

be available at affordable prices in India.  

The option of converting more forest area for 

agriculture is not available as there is serious 

constraint of forest land area. Further conversion 

of forest area to agricultural land will create 

ecological backlash. Only solution is to increase 

the crop production through technology 

application and switch over to those Genetically 

Modified (GM) foods, which have stood the 

rigorous scientific testing and protocol and 

declared as safe for human consumption. Safety 

is the main concern of GM foods. Creating 

massive awareness among people to avoid 

wastage of food and storing of food should be 

done by the press and media and NGOs can play 

important role. 

CONCLUSION 

We must have a healthy balance of three sectors 

- academia, government and commercial. Each 

sector brings particular strengths and each helps 

the others innovate. The commercial sector, for 

example, is best at understanding customer needs 

and producing goods and services closely 

matched to each customer. Academia must look 

to the nutritional and safety aspects of the 

consumer goods, especially food articles and 

make the knowledge public; the government 

sector must take policy decisions quickly based 

on research findings and the commercial sector 

must work in collaboration with other sectors and 

finance the research. The recent case of occurring 

Pb in higher concentration (?) than the prescribed 

limit in Maggie noodle (Nestle Company) is a 

case for review. 
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ABSTRACT 

Minerals are valuable natural resources being finite and non-renewable. They constitute the vital raw 

materials for many basic industries and are a major resource for development. This paper provides a 

review of current scenario on the economics of international trade in mineral resources, trade impacts 

of mineral abundance and the resource curse, the political economy of mineral trade in resource-

abundant states, non-economic considerations associated with strategic mineral resources and the 

impact of international market structure and regulation on production and trade in minerals. This has 

implications in models of endogenous growth, in which factor reallocations away from manufacturing 

and into mining within a booming minerals economy are asserted to lead to slower economic growth. 

It seems reasonable that comparative advantage in primary products depends mainly on regional 

availability of natural resources. 

Patterns of Trade in Minerals and Metals 

In trade studies, “minerals” are often classified 

as commodities in Standard International 

Trade Classification (SITC) 2-digit sections 27 

(crude industrial minerals) and 28 

(metalliferous ores and scraps). The latter 

includes concentrates. Metals are found in 

SITC categories 67 (iron and steel) and 68 (non-

ferrous metals). These four sections are often 

combined in studies of mineral and metal trade. 

SITC section 66 (non-metallic mineral 

manufactures) includes lime, cement, building 

stone, clays, and precious stones such as 

diamonds. 

Production of minerals (2000-04) grew at only 

2.7%, indicating an increasing degree of 

specialization across countries during this 

period; more production was traded and less 

was consumed domestically as an input to the 

production of value-added goods. In 2004 

minerals and metals (SITC 27+28+66+67) 

accounted for 12.4% of the value of global 

exports and by 2009 this had shrunk to 6.6%. 

Worldwide mineral export volume grew by 

4.1% annually from 1950 to 2003, whereas, by 

2005 this had shrunk to 6.6%, though in terms 

of value of mineral and metal exports rose from 

$23 billion to $671 billion over the period, 

mainly due to increases in tonnages shipped. 

This increase in tonnage reflects both the 

impacts of reductions in trade barriers and the 

reduction in bulk transportation costs. By 

weight, coal and iron ore are by far the most 

extensively traded minerals.  

It has long been held that developing countries 

tend to export raw materials and import 

manufactures. In a study of the trade patterns of 

60 developed and developing countries in 2005 

and 2010, certain countries did demonstrate a 

higher concentration of trade in minerals and 

energy per unit of GNP than other countries. 

The extreme exporters were Indonesia, 

Columbia, Ecuador, Nigeria, Libya (petroleum 

products), and Canada, Chile, Australia, and 

Netherlands (raw materials including ores, 

metals and natural gas). 

The extreme importers were China, US, UK, 

France, Italy, Belgium-Luxembourg, South 

Korea and Japan. Countries abundant in labour 

and capital tended to export manufactures, and 

countries abundant in natural resources tended 

to export raw materials. 

Many countries have multiple and various 

mineral endowments that are there for the 

taking, and it is a matter of domestic public 

interest in mineral extraction, supported by 

sufficient country-specific technological 

knowledge and in some cases technological 

advance, that causes production and export 

across the broad range of endowments to occur. 

The potential augmentation of the endowments 

is vast, and the noted ebb and flow of exports in 

resource-based economies is related to policy 

rather than changing endowments. 
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Other things that matter for trade are 

international technological differences, country 

size, distance between trading partners, 

economies of scale, and demand-side (or 

consumption) differences across countries. In 

other words, trade is a complex phenomenon. 

In sum, it is reasonable to propose that while 

there are many determinants of comparative 

advantage in production, and additional factors 

that govern the translation of comparative 

advantage into patterns of trade, a domestic 

endowment of mineral resources is necessary 

but not sufficient for the production and export 

of minerals and metals other than iron and steel. 

A supportive legislative framework, social 

license, and adequate natural or build-up 

infrastructure such as roads and ports, are all 

important to see the resource stock turned into 

production and exports. Where these 

complementary inputs are available, the 

country will tend to export mineral ores, 

concentrates, and metals to countries with a 

lower relative endowment in resources but 

abundance capital and skilled labour. It will 

import capital-intensive manufactures, 

machinery, and chemicals in return. 

Mineral Booms and the Resource Curse 

The large-scale exploitation of mineral 

discoveries generates an increase in mineral 

exports and a large external surplus. This 

creates a real shock to an economy, because its 

main impact falls on the level of real income 

and the inter-sectoral allocation of factors of 

production. The trade effects of a mineral boom 

are primarily transmitted into the economy by 

means of this real transmission channel. 

Policy considerations also arise from the 

monetary consequences of a resource boom. 

During a mineral boom the central bank’s 

foreign reserves surge. The inflow of foreign 

exchange raises the domestic monetary base. 

Unless the central bank sterilizes the monetary 

impact of the boom, the expansion of the 

monetary base will generate short-run 

inflationary pressures and the appreciation of 

the real exchange rate, reinforcing the real 

effects of the boom. 

In summary, both the spending and the resource 

movement effect generate an appreciation of 

the real exchange rate and a reallocation of the 

mobile factor of production from the non-

booming sector to the booming and non-traded 

sectors. Trade protection for the shrinking 

sector, while in common-place, is only 

warranted on an efficiency basis if there is a 

market failure. In these cases the appropriate 

policy response is to raise the existing level of 

protection, since the market failure would have 

warranted some protection in the first place. 

Considerations for Mineral Resources with 

Strategic Value 

Certain minerals have production that is 

especially geographically concentrated. China 

accounts for 93% of production of the 17 rare 

earth elements as a group, and for 95% of 

neodymium alone. Such concentration creates 

obvious opportunities for using trade policy to 

guide the location of manufacturing activity. 

China’s activity in neodymium markets 

provides a recent example. 

Market Structure and Regulation on 

Production and Trade in Minerals 

International trade consists of each country 

exporting the goods most suited to its factor 

endowment, technology, and climate, while 

importing the goods least suited for its national 

characteristics. Such trade is called inter-

industry trade because a country’s exports are 

in a different industry than its imports. 

This new approach breaks with classical trade 

theory by stressing the relevance of increasing 

returns to scale as an important, independent 

source of trade. A world economy characterized 

by increasing returns to scale will be one where 

imperfect competition predominates. Thus, the 

new approach has integrated international trade 

theory with the theory of industrial 

organization. 

International trade emerged due to the 

recognition that relatively few markets for 

industrial products, services and natural 

resources like minerals and crude oil meet the 

assumption of perfect competition required by 

classical trade theory. Except in markets for a 

select group of standardized commodities, 

companies do not generally perceive 

themselves as price takers. In many markets 

there are only a limited number of relevant 

competitors, and these firms are well aware of 
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the interdependence of their actions in the 

market place. 

What is true of the economy as a whole is true 

of international trade as well. More than half of 

world trade is in manufactured goods, where 

markets are often oligopolistic rather than 

competitive. Markets for 26 minerals are also 

often oligopolistic (or oligopsonistic, where the 

processing stage is highly concentrated). 

Phenomenal Concept & Model 

In advent to the aforesaid back ground, the 

economic theory considers the market as the 

relations of producers of a product (sellers) and 

his consumers (buyers). Depending on number 

of the producers and consumers of production 

entering the market relations the following 

models of the markets are used very often.

 

Pure competition    Limited monopoly of the consumer 

Pure monopoly     Bilateral oligopoly 

Pure oligopoly     Limited oligopoly of the consumer 

 

Pure monopsony 

Limited monopsony 

Bilateral monopoly 

In the conditions of the market of the pure 

(exclusive) competition the standardized 

production is made by a great number of 

producers and finds a great number of 

consumers. Price for products in the conditions 

of such market model is established under the 

influence of supply and demand and doesn't 

depend on actions of certain producers. The 

new producer can easily enter into the market 

and it is also easy to be forced out from it. 

In the conditions of the market of pure 

monopoly the unique product is made by the 

only producer who dictates to consumers the 

price. The attributes for the monopoly can be 

cited as below. 

 Natural sources 

 Exclusive possession of technical 

knowledge 

 Exclusive ownership of raw materials 

 Legal sources 

 Economies of large scale 

 Business reputation 

 Business combines 

 Creating artificial barriers to new 

completion   

The oligopolistic model answers a situation in 

which the product is made by limited number of 

producers (usually no more than several tens), 

each of which is compelled to coordinate the 

prices with the prices of other producers. The 

prices in the oligopolistic market are usually 

rather steady, but to the new producer difficult 

to put in the developed system. 

At last, the pure monopsony corresponds to 

conditions in which one production is available 

to the only consumer dictating the price in 

return. 

The mineral raw materials usually are the 

products used for production of new goods and 

services and other manufacturing enterprises 

usually act as its consumers. The number of the 

enterprises acting as consumers of this type of 

mineral raw materials can be any - from almost 

infinitely big to unit. 

Thus, the most widespread models of the 

markets of mineral raw materials appear 

oligopolistic, exclusive or monopsony with all 

transitional options. The contributing factors 

leading to oligopoly are as given below; 

Sources of Oligopoly:  

 Huge capital investment 

 Economies of scale 

 Patent rights 

 Control over certain raw materials 

 Merger and takeover 

The model of the pure competition is applicable 

only to the markets of the pure metals realized 
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through the exchanges (copper, lead, 

aluminium, nickel, gold, silver, and platinum). 

The concrete type of the market developing in 

this or that mineral and raw subsector for this or 

that geographic-economic region (up to global 

scale) substantially is defined by features of 

production and consumption of the 

corresponding types of mineral raw materials. 

In most cases the mineral raw materials 

represent a product of the standardized quality 

(metals, concentrates and other products of 

primary processing). For such types of raw 

materials production of different producers has 

identical value for the consumer, and the main 

factor of appeal of production of the specific 

producer is the price. 

However, for some raw materials there cannot 

be price indicators of commodity appeal of 

production. So, raw materials (ore) or mono-

mineral production of some fields can differ in 

some natural features and the content of 

valuable or gangue or other quality indicators 

defining the increased or lowered demand. 

Similar situation is especially characteristic for 

specific types of raw materials. 

Characteristically, the minerals commodity 

trade model pursuit vis-a-vis market control and 

competition as below;  

 
The markets of types of a pure monopsony and 

pure monopoly in mineral and raw branch are 

rather rare and can be sometimes connected 

with activity of the same concrete enterprise. 

So, the world market of the rough diamonds is 

almost monopolized by the De Beers Company. 

Thus for the firms which are carrying out  

faceting of diamonds, production of the 

diamond tool, etc., De Beers acts as the 

exclusive supplier, and for the firms which are 

carrying out production of diamonds - as the 

monopsony consumer. 

The Monopsony market structure in mineral 

and raw branch can develop in conditions when 

the large steel or chemical plant appears the 

only consumer of raw materials of several 

mines of the next region, owing to some reasons 

deprived of possibility of export of the 

production out of its limits. 

The enterprise for production of some 

absolutely unique type of raw materials can 

gain lines of purely exclusive producer. So, for 

example, in the world the Russian field of a 

peculiar jeweller ornamental stone - a chariot is 

unique. Almost monopoly position is held by 

the enterprise for production of amber in the 

Kaliningrad region etc. 

If the new field of such type of raw materials 

for which the developed market is exclusive, 

the monopolist acting in the market will 

obviously use the best efforts for prevention of 

emergence of the rival enterprise. The 

businessman who wished to master such field 

and to put in the exclusive market will 

inevitably meet great difficulties. 

In the monopsony market the entrance of the 

new producer isn't complicated if it is able to 

prove the advantages as supplier to the 

monopsony consumer (first of all - the lowered 

price). 

The figure below exhibits the availability of 

minerals occurrence across the world, which 

gives control of corresponding minerals to 

respective country of mineral market structures 

and mineral trading across the globe. 
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Source: Bloomberg Global review US Geological Survey 

 

The mineral Company, who has acquired the 

rights for operation of a field of unique raw 

materials, becomes the natural monopolist. 

However the unique mineral and raw product 

not necessarily is a product of a great demand. 

In jeweller business, in particular, the 

developed traditions and fashions work for 

centuries. The offer on such market of a new 

mineral or known stone of an unusual colouring 

not always meets adequate demand and can 

demand considerable advertising efforts. 

For example, among the diamonds mined on 

fields of Australia the percent of colour 

versions, demand on which was small in the 

beginning, is high and the price is much lower 

than the colourless. However the corresponding 

advertising succeeded to provoke fashion to 

colour diamonds and sharply to raise demand 

and the price of such crystalline. In 60-70 the 

transparent-blue kind of a mineral of a tsoizit 

(Ruby) was found in Tanzania. Under the name 

"tanzanite" it was released on the jeweller 

market by known firm "Tiffany" and, thanks to 

the corresponding advertising, quickly became 

so popular that it even began to forge.  In 

general, business in the field of jeweller and 

kamnesamotsvetny (a precious metal in 

Tajikistan) raw materials is very specific. For 

such mineral duktion (Germany – means 

science of assessing the metal in different 

views/angles of eyes) - the special science of 

gemmology is engaged in studying. 

The market like bilateral monopoly arises in 

such conditions when the only consumer owing 

to specifics of technological process is capable 

to consume only raw materials of strictly 

certain grade (brand) and the only producer can 

deliver such raw materials. 

It should be noted that the markets of 

production of mining possess one more, the 

feature inherent in this production. The mineral 

field (especially - high-valuable raw materials) 

can be estimated differently by the businessman 

intending to create on its base new production, 

the large company monopolist and the 

government of the country in which this object 

is located. 

To the entrepreneurship/ business is a field - 

first of all the profit source, and profit which 

can be received today is always more valuable 

than possible profit in the future even if for 

some reasons its absolute value will be 

higher. Being guided by it, the businessman is 

always interested in the fastest development of 
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object. However if the large company - the 

monopolist acts as the businessman, its view of 

a field can appear supplementary.  

For such company a field is too a profit source. 

However the general profit of the company, 

which is already the owner of several operating 

enterprises on similar objects, considerably is 

defined by the developed balance of demand - 

offers and established price. Input of a new field 

in operation will change this balance, so will 

lower the price. Thus it is quite probable that 

the additional profit on operation of new object 

doesn't offset losses which the company will 

suffer from falling of the prices. In such 

situation the company will try to detain 

development of a new field until exhaustion of 

stocks of the operating enterprises doesn't 

create a certain deficiency of the offer in the 

conditions of which input of new object can be 

carried out at the stable prices in the market. 

For the government of the country, in the 

territory of which the field is located, the 

solution of a question of its development will be 

influenced by some factors. A field in this case 

is also an income source as if the businessman 

(company) will develop it. However, for the 

government (if under current laws subsoil 

belongs to the state) the known field of valuable 

raw materials is some kind of warehouse, fund, 

a reserve, which is expediency of expenditure 

(production of raw materials) and has to be 

coordinated with strategic objectives. 

Development of a new field is also social 

process. On the one hand, this creation of new 

workplaces causes increase in employment of 

the population in this concrete area, on the other 

hand development of this field can cause 

closing of the enterprises on the worst fields and 

aggravate an employment problem in other 

areas. 

Also the question of a condition of domestic 

market of this production will be very 

important: it is exported or imported, whether 

this corresponds reduction of import or increase 

in export in national interests. The government 

is usually also interested in carrying out the 

antimonopoly policy in domestic market, and 

the structure of production before development 

of new object can influence its decision. 

At last, nearly the question of ecological 

consequences of development of a field, 

possible damage to environment, measures and 

means of its compensation will be major in the 

view from the state’s/ country’s positions. 

Taking into account all these factors, the 

government can provide or refuse to the 

businessman/ enterprise the right of operation, 

which stipulates the right, term of references 

etc. Thus, in the conditions of the market, with 

the state ownership on an area (that is peculiar 

to the majority of the developed countries), the 

state represented by the government exercises 

control of a mineral “reserve” as national 

property that has impact on the market. 

It should be noted, however, that the huge 

multinational companies reigning now in the 

world markets of the majority of raw materials 

have rather ample opportunities of management 

of these markets in their interests, without 

excluding also various levers on the 

governments. Some of the critical raw 

materials’ monolithic occurrence plays a 

decisive role in minerals trade across the world. 

The figure below exhibits how the geological 

occurrence of such critical minerals governs the 

mineral trade. 

Thus, even the free (open) market of products 

of mining in general is far from completely free. 

Its environment is defined by continuous fight 

in many respects of contradictory interests of 

the governments, the large multinational 

companies and corporate.  The international 

financial environment guided by a frame-work 

is depicted below vis-a-vis mineral trade. 
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CONCLUSION 

One argument for mineral intra-industry trade 

is the possibility of having an oligopoly in a 

domestic mining industry that faces 

international competition. Suppose, for 

example, in the domestic mining industry there 

is a dominant cartel which produces minerals, 

which are sold domestically and abroad, there 

is also a fringe of mineral producers that 

competes with the dominant cartel.  

Under this scenario, the dominant cartel can 

exercise market power in the domestic market 

by charging higher prices domestically and 

lower prices abroad (this policy implies 3rd 

degree price discrimination). The dominant 

cartel will export mineral ores and final 

products facing international prices, and it will 

sell the ores domestically at a markup over the 

marginal cost of production. If the dominant 

cartel controls the majority of mines in the 

country, the competitive fringe will need to 

import some ore concentrates to produce final 

products to be sold domestically or 

internationally. Intra-industry trade results 

when the domestic economy simultaneously 

exports and imports ore concentrates because of 

the imperfect market structure of the domestic 

mining industry. 

Mineral market structure of mineral markets 

and the depletion of exhaustible minerals are 

related with intra-industry trade of mineral 

commodities. World-wide minerals production 

is oligopolistic, combined with high 

international transportation/ freight costs, 

which could explain why intra-industry trade in 

minerals exists but at low levels. Minerals 

producing industry is currently oligopolistic, 

aside from, possibly, diamonds, and no 

regulatory framework that would restrict entry 

to protect a firm or conglomerate that is 

exercising market power. 
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ABSTRACT 

The 65 km stretch of the Balasore coastal region from the mouth of the Budhabalanga river estuary to 

the Subarnarekha river estuary is greatly influenced by both fluvial and marine processes. These act as 

natural determinant on the coastal configuration and eventually affect social structure of the region. 

The present study deals with the assessment of the development of coastal processes along the Balasore 

coast.  

A huge amount of sediments is carried by river Subarnarekha throughout the year which is responsible 

to develop the depositional coast. Many landforms have evolved as well as many landforms and other 

land features have been diminished. The formation of sand spits found along the tract are the results of 

longshore deposition of the river sands to the south and north depending upon the shoreline orientation 

and directions of dominant wind patterns in the deltaic coast. The beach has been eroded particularly 

in the Chandipur coastal tract due to various coastal processes that has taken place. Such variations 

in the coastal processes are recorded by LISS-II and LISS-III images and true colour image (Google 

Earth) and also by repetitive field survey at different coastal sectors. 

Key words: Budhabalang estuary, coastal process, Chandipur coastline, Coastal landforms 

Subarnarekha delta. 

INTRODUCTION 

Coastal zones are highly dynamic area of 

interaction between terrestrial and marine 

processes. Although, coastal zones constitute 

about 10% of the land area, these are densely 

populated, sustaining as much as 60% of the 

world’s population. The processes of erosion 

and sedimentation, periodic storms and 

cyclones and sea level changes continuously 

modify shoreline. It is undergoing both gradual 

and sudden changes with many physical 

processes such as tidal flooding, sea level rise, 

erosion and sedimentation (Maiti and 

Bhattacharya, 2009). The coast, being 

susceptible to environmental changes, indeed 

documents several centennial phenomena of 

gradual changes in climate, associated sea-level 

changes and fluctuating characters of river 

estuaries. Therefore, through a study of coastal 

geomorphology, one can interpret 

palaeoclimate and many past geological 

consequences. In the present study, a 

geomorphic appraisal of the coastal landforms 

of the Balasore coast of Odisha has been done 

and an assessment of the impacts of different 

coastal processes has been made by using 

multitemporal satellite imageries during the 

period from 1990 to 2012, along with the 

Survey of India Toposheet of the study area. 

The Burhabalang and Subarnarekha estuarine 

zones situated along the Balasore coast have 

been considered for detailed understanding of 

coastal processes and associated geomorphic 

features. 

The paper aims at the study of these landforms 

of the shore and offshore regions and their 

changes using satellite remote sensing data. Use 

of these data has been found to be most 

effective in monitoring changes in the 

geomorphology of the coast over a period of 

time. It can be a basis for identifying the 

erosional or depositional changes and 

degradation in the natural resources. This can 

further lead towards understanding its 

intervening causes for prediction and may help 

in modelling and stimulating the future trends. 

The present study brings out some changes 

along the Balasore coastal tract using remote 

sensing data analysis. The changes are related 

to shore and offshore landforms, coastal 

processes that are active, prograding coastline, 
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changing river mouths, coastal spits, sand bars, 

palaeochannels, tidal flats, etc. 

STUDY AREA 

The study area forms a part of the northeast 

coast of India in the Balasore region of Odisha 

from latitude 21028’26.28” N to 21033’28.98” 

N and longitude from 87004’01.38” E to 

87025’10.12” E (Fig.1) and covered by parts of 

Survey of India Toposheets No.73 K/15, O/2, 

O/3 and O/6. It includes the Balasore coastal 

region from Rasalpur to Talasari in Udaipur 

sector together with Chandipur, Choumukha, 

Chandrabali as well Bichitrapur. The study area 

is surrounded in the north by Orissa Coast 

Canal, in the south by Bay of Bengal, in the east 

by Digha sector of West Bengal and in the west 

by Bhadrak district of the state of Odisha. Being 

a deltaic low lying coastal stretch, this area is 

monotonously flat alluvium surface of ground 

level varying between 2.5 m to 3.5 m above the 

mean sea level. 

The study area is under tropical monsoonal 

climate with mean annual temperature of 27° C 

which varies between 37° C to 13° C. The mean 

monthly rainfall is 120 mm and maximum 

rainfall occurs during the monsoon period, i.e 

June to October. The study area is mainly 

covered by the Holocene alluviums along with 

the recent Subarnarekha river’s depositions, the 

river Burhabalanga with its emerged terrace 

covered with marsh. 

Southward, beyond the tidal flat and shoreface, 

the Balasore shelf is planar. Due to 

infringement of sea, the coastal zone is 

suffering severe erosion. The geomorphic 

components along the coastal tract are not in 

symmetry with the present wave dynamics. The 

Balasore shoreline shows a NE-SW inclination. 

 

 
Fig.1. Location map of the Balasore coastal tract. 

GEOMORPHOLOGICAL SETTING  

Pioneering work on the geomorphology of the 

Balasore coastal region and adjoining areas has 

been done by Niyogi, Meijerink, Chakrabarti, 

Vaidyanadhan, Ghosh and Dey among others. 

It is found that seasonal changes of sea level is 

one of the remarkable features of tropical 

monsoon areas which influences the 

geomorphology of the coastal areas (Dey, 

2003). The varied geomorphic features can be 

classified under four broad categories: (1) the 

fluvial landforms which include laterite 

tableland, river terraces (alluvial uplands) and 

valley fills, all these are seen near the 

Subarnarekha delta region, (2) the deltaic 

landforms which includes extensive alluvial 

and tidal flats and depressions, meander scrolls 

and ox-bow lake, abandoned channels and 

aggraded river segments, levees, back swamps, 

floodplains and braids; (3) the coastal 
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landforms which includes estuaries, spits and 

bars, tidal and estuarine marshes and swamps, 

foreshore beach, beach ridges, onshore bars and 

troughs, backshore mudflats, sand ridges and 

ancient beach ridges, chennier complex; (4) 

Aeolian landforms which includes transverse 

and obstacle ancient dunes formed from 

reworking of marine and fluvial sands by wind 

action. 

Around Chandipur (SW of the estuary of the 

river Subarnarekha), the coast can be divided 

into two broad morphozones; (1) a landward 

zone characterised by monotonous low land 

modified by fluvial processes of the main 

stream, the Burhabalanga, and (2) a seaward 

zone bordered by a single line of shore-parallel 

coastal dune lying on old marine terraces. The 

line of coastal dune is fronted by the open sea 

tidal flat, (Chakrabarti, 2005). 

The coastal stretch around Subarnarekha delta 

is characterised by different lines of beach 

ridges and dunes, marine terraces of different 

levels (Chakrabarti, 1991). The coastal 

outgrowth near the Subarnarekha river mouth is 

accomplished by different stages of 

development of barrier beaches, lagoons and 

salt marshes with mangrove outgrowth. 

Development of aeolian dunes of low heights is 

common on these barrier beaches. The 

geomorphological map of the study area 

interpreted from satellite imageries is given in 

Figure-2.

 
Fig-2: Geomorphological map of the study area interpreted from LISS images 

MATERIALS AND METHODS 

The topographical maps and geocoded satellite 

imageries of IRS-IB LISS II and IRS-ID LISS 

III false colour composites (FCC) generated 

from bands of 2, 3 and 4 on a scale of 1:50,000 

are used in the present study. Preliminary visual 

interpretations of the FCC paper prints are done 

using light table and hand lens. Possible coastal 

geomorphological features and classes have 

been differentiated based on the interpretation 

key. Interpreted details have been transferred to 

the base maps prepared from Survey of India 

Toposheets pertaining to 1972-73. Pre-field 

interpreted maps have been taken to field for 

necessary ground checks of doubtful areas and 

data have been updated with the help of satellite 

images. Areas of different geomorphic classes 

of the final maps have been calculated using 

digital planimeter and graph sheets. 

COASTAL LANDFORMS: 

The various coastal landforms identified in the 

study area are barrier islands, beach ridges, tidal 

flats, mud flats, lagoon, floodplains, beach 



 

 
SGAT BULLETIN VOL.16, NO.1, JUNE 2015 

55 

dunes, palaeochannels, delta, etc., which have 

been interpreted from the LISS-II & LISS-III 

FCC satellite images and field survey. These 

landforms consist of Quaternary sediments 

overlying the Precambrian formations which 

suggests a late Quaternary period of evolution. 

The surface sediments of the lagoon are mostly 

a mixture of clay, silt and sand. The dominant 

wave and tide action with large amount of 

sediments derived through longshore drift 

mostly in the north direction evolves in the 

beach the most dynamic landforms of the area. 

These coastal features are a result of both 

fluvial and marine processes that are active 

along the coastal tract. 

Marine Landforms: 

(a) Tidalflats 

The tidal flats marked along the coastal tract of 

the study area has two distinct morphometric 

facets (a) a sandy sloping with an average 

inclination of 6° shoreward zone having an 

average width of 30 m and (b) a wide silty flat 

matted with ripples, having an average width of 

1.5 km. Near the Burhabalang estuary, the silty 

inter-tidal flat is ornamented with clusters of 

river mouthbars of varying dimensions, criss-

crosed by tidal channels of varying depth. The 

width of the inter-tidal flat has damped the 

wave activity in this region. 

The upper sandy part of the Chandipur tidal flat 

is composed mostly of fine sand (2 to 3 phi 

size), whereas in the wider silty flat, more than 

80% of the sediments are finer than 3.5 phi size. 

(b) Mudflats 

Consequent upon the development of wide 

estuarine mouths of the river Burhabalang and 

Subarnarekha near the sea, a lot of seawater 

encroaches through them during high tides and 

submerges low lying flat areas adjacent to the 

river forming tidal mudflats. 

Extensive mudflats are seen in the northeastern 

part of Burhabalang estuary and to the SW of 

Subarnarekha estuarine zone. These are found 

to be mud-dominated extended plains which 

may have been formed due to regression 

(relative sea-level fall with amount of sediment 

supply). Along the coastal tract of the 

Subarnarekha deltaic plain, these mudflats have 

been modified into agricultural field. 

(c) Barrier Spits 

Spit is a narrow embankment of land commonly 

consisting of sand or gravel deposited by 

longshore drifting and having one end attached 

to the mainland and other terminating in open 

water, usually the sea, a fringe like extension of 

the beach (Cambell, 1972). 

Near the present-day shoreline of Subarnarekha 

delta, a most significant diverse barrier spit has 

been produced with curved narrow ridges 

opened at one side, almost 50 to 500 m wide, 

and more than 5 km long towards the eastern 

part of the estuary along Talsari-Subarnapur 

area. These spits have been formed by lateral 

accretion, due to reduced tidal prism of inlet 

with respect to longshore current moving 

northeasterly. Multiple spits superimposed 

together and usually curved in the end are 

interpreted from multiple redlines in FCC 

images interspersed between mudflats near 

Subarnarekha estuary and in sand bodies near 

Burhabalang river mouth. 

(d) Beach 

Both sandy and muddy beaches have been 

grouped together in this class. A narrow stretch 

of sandy beach is well marked along the coastal 

tract from Chandipur to Chaumukha covering 

coastal areas of Burhabalang estuary, Parakhi, 

Panchpara Nala, Dublagadi, Kasaphal.  

To the northeast a shallow muddy beach is 

marked along the Subarnarekha river mouth 

upto Talsari. More than half of the study area is 

occupied by coastal alluvium, constituting 

muddy sands and shells. The muddy coast is 

found to consist of more sand particles and is 

non-sticky in nature. 

Fluvial Landforms: 

(a) Meander scar/Oxbow Lake 

Meander scars are old impressions of river 

meanders. The lands are low lying and shallow 

in nature. During rainy season, these areas get 

flooded and remain waterlogged most of the 

time. A number of meander scars are marked 

along the Subarnarekha river course. 

Ox-bow lake is a cut-off portion of the meander 

of a river. Such landforms are found along the 

river course of Burhabalang, one near the 

Panchpara Nala and two along the 

Subarnarekha river course. 

(b) Palaeochannel 
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A palaeochannel is an old impression of the 

river course. It has been identified from other 

categories based on characteristic image 

elements. These palaeochannels are good 

hydrological regime. A number of 

palaeochannels are found along the old course 

of the river Burhabalang and along the 

Subarnarekha river course. 

Fluvio-marine Landforms: 

(a) Chenier Complex 

The Chenier complexes marked in the 

Subarnarekha estuarine zone is composed of a 

series of linear unconsolidated sand covered at 

places by soil and vegetation which are marked 

as reserved forest area in SOI toposheet of 

1973. The chenier complex has been developed 

in different stages in a sequential manner from 

the present shoreline. These chenier complexes 

are found to be a combination of sand ridges 

and mudflats extended over 30 to 300 sq. km 

area. 

In a few places, the chenier complex is 

superimposed within mudflats. Such chenier 

complexes lying in the Chaumukha region, SW 

of Subarnarekha river mouth and in the Talsari-

Subarnapur region, NE of the river mouth are 

interpreted from thick red bands in the standard 

FCC images in band-4 of the Landsat TM. 

(b) Beach Ridges 

These are azonal features implying local 

morphodynamic controls on progradation. 

These are sub-parallel ridges of sand, silt or 

gravel, varying in amplitude from a metre to 

many metres and they also vary in the spacing 

between them. Each ridge marks the position of 

a past shoreline. 

An extensive beach ridge complex along the 

coastal tract of the study area is occupied by 

Subarnarekha delta, a cuspate type delta. 

Niyogi (1968) recognised four ancient 

strandlines in evolving the Subarnarekha delta. 

To the east of the delta, Niyogi (1970, 1975) 

observed six cycles of beach ridges that are all 

indicative of the shifting of the shoreline. 

(c) Swale 

It is a long narrow, generally shallow trough-

like depression between beach ridges and 

aligned roughly parallel to the coastline. Swales 

have found to be more pronounced near the 

Chaumukha area, SW of the Subarnarekha river 

mouth as interpreted from the imageries. These 

swales may have been the outcome of fluvio-

marine activities and are found to be associated 

with the palaeo-beach ridges which are covered 

mostly with settlements and agricultural 

plantations like cashew, betel garden etc. 

(d) Tidal marsh with mangrove swamps 

The inter-tidal slope area is always unstable and 

is affected by daily tides. These lands generally 

help in colonisation of swampy forests and 

bushes. In the study area, the inter-tidal areas 

along the mouth of Subarnarekha estuary, 

extensive stretch of tidal marsh have developed 

associated with mangrove swamps, as observed 

from the satellite images. 

Results and Discussion 

The various geomorphic features and landforms 

such as beach ridges, spits, barrier islands, tidal 

flats and beach dunes marked along the coastal 

tract of the study area from Chandipur to 

Subarnarekha estuary are found to have 

association with each other in their formation 

and evolution. The barrier island is the sub-

aerial expression of an accumulation of 

sediments between two inlets and between the 

shoreface and the backshore lagoon. The 

morphology of barrier islands is the result of a 

variety of marine and sub-aerial depositional 

and erosional processes. 

The geomorphic features of the coastal tract 

were identified in the order of hierarchy, viz. 

Chenier plain (First order); beach ridge 

complex, spit complex, chenier complexes 

(Second order); cheniers (Third order); and 

simplest ridge, spit, washover beach (Fourth 

order). The studied ridge chronology provide 

six sequences of chenier complex development 

agewise, whereas, geometry of spit complexes 

suggest chronological conversion of 

Subarnarekha estuary from initial wave- 

dominated to tide-dominated flow. 

The mouth of the Burhabalang river has been 

conspicuously changed showing a regressive 

beach. Further on the north, the mouth of the 

Subarnarekha River shows considerable 

changes on the mouth bars and shoreline. The 

shore shows a transgressive beach forming a 

fan-shaped sub-aqueous delta, the course of 

which can be attributed to the increase in the 

sediment supply by the Subarnarekha River. 
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The sand-bar noticed near the mouth of the river 

might have been formed due to coastal erosion. 

The creeks also serve as agents of erosive 

processes. The area of the barrier islands 

formed by the creeks is different from one year 

to other. This may be due to the reworking of 

the sea and the fluctuations in the sediment 

transported by the creeks. 

The barrier-inlet system along the shoreline of 

Subarnarekha deltaic plain shows the most 

diverse morphology. The delicate adjustment 

between wave and tide generated processes on 

the moderate energy coast allows only slight to 

moderate changes in either of these processes to 

result in significant and dynamically 

developing morphologic response. Some of the 

natural phenomena such as cyclones induced 

opening of tidal inlets across the barrier spits, 

closure of inlets due to longshore transport of 

sediment, and changes in sediment input into 

the coastal plain are the results of responses 

produced by the interaction of energy levels and 

availability of materials in the coast. 

The tidal basin behind the barrier spit of 

Subarnarekha delta plays a significant role in 

controlling inlet morphology as well as tidal 

prism. The various modifications by 

development have resulted in important 

morphodynamic changes in the barrier inlet 

system. These include the fishery ponds, fishing 

harbours in the basin, hardening of the coast 

along the banks of inlets by engineering 

structures and construction of earthen 

embankments along the basin fringe areas. 

Such activities have inhibited normal coastal 

processes in the region. Severe erosion of 

barrier spits at the southwest corner adjacent to 

the inlet mouth and cliffing of the barrier based 

beach ridge-dune complex on the seafront areas 

are examples of the instability in the system. 

Strandlines indicating palaeo-shorelines around 

Burhabalang river mouth and Subarnarekha 

mouth are distinctly seen on satellite images. 

Spits and offshore- bars and land area around 

these river mouths are eroded as observed on 

multidata satellite images. Creek and inter-tidal 

zone on the eastern part of Subarnarekha 

estuary are also eroded. Changes in the 

orientation and distance between strandlines or 

palaeo-shorelines are due to change in coastal 

processes, changes in sea level, delta 

progradation and tectonic activities. So many 

landforms have evolved as well as many 

landforms and geomorphic features have been 

diminished. The formation of sand spits are the 

result of longshore deposition of the river sands 

to the south and north depending upon the 

shoreline orientation and direction of dominant 

wind patterns in the deltaic coast. The shoreline 

processes resulted from river input, longshore 

and offshore input or drift and wind and tidal 

energy with storm interactivity produces the 

deltaic depositional compartments in the form 

of chenier mechanisms. Tectonic and sea level 

rise further modify the coastal features over 

various time scales to develop as a unique 

sequence of chenier delta along the Balasore 

coastal plain. 

CONCLUSION 

The present study has revealed that the 

profound significant changes were brought in 

the coastal configuration and associated 

landforms since mid-Holocene period. The 

occurrence of strandlines (cheniers) suggests 

that the coast has undergone a series of marine 

transgression and regression during the late 

Quaternary period. The presence of palaeo 

beach ridges/cheniers suggests that there is 

growth of the land. This may be due to the fall 

in sea level or rise in the level of land. The 

general belief is that beach ridges are 

constructed slowly, primarily by multiple 

depositional events rather than in a single event 

such as storm, and by wave run up from swell 

rather than storm waves. 

The developments of coastal landforms and 

associated sedimentary environments have 

resulted from both the fluvial and marine 

processes. The fluvial sedimentary deposits 

started growing outward extension of the river 

mouth, while pushing the discharge points 

further east, i.e. into the near-shore sea. The 

palaeo-deltaic features in the northern part of 

the study area signify the phenomenon. 

The barrier spits, tidal basins, estuaries and 

shallow shelf provinces always try to achieve 

the equilibrium stage between the relative 

influence of wave and tidal processes, storm 

surges, high magnitude of river floods, 

longshore currents and coastal morphology, but 

they never can achieve this balance. Thus the 

coastal morphology of diverse physical settings 

can change rapidly as this balance changes with 
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episodic events and sediment sources in the 

entire coastal system. 
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ABSTRACT 

Geospatial technology, basically remote sensing & GIS, has become an essential tool for the 

geoscientists and engineers in catchment area treatment planning. The present paper highlights the 

effectiveness of the technology in generation of CATP for proposed Sandul Irrigation Project in Odisha. 

Integration of various geospatial layers on natural resources and infrastructures has resulted in site 

selection of different engineering structures and land development action items in the proposed 

catchment. The plan thus generated is sustainable, site specific and scientific. 

INTRODUCTION 

Geospatial technology is the discipline of 

gathering, storing, processing and delivering of 

geo-information or spatially referenced 

information or data. Presently this technology is 

used worldwide in natural resources 

management, monitoring and developmental 

planning. Geospatial approach based 

developmental planning is cost effective, 

unbiased, updated and integrated method, 

specifically in the field of catchment planning. 

The catchment is defined as the area drained by 

a stream or a system of connecting streams such 

that all the surface runoff originating in this area 

leaves the area in a concentrated flow through a 

single outlet. The Catchment Area Treatment 

Plan (CATP) is an essential document as it 

portrays the ecological health of the catchment 

area and various soil & moisture conservation 

as well as watershed management programmes 

are required to arrest soil erosion to improve 

free drainage in the area and to rejuvenate the 

degraded eco system in the catchment. 

The existing ecological scenario of a catchment 

identified for any proposed dam or reservoir 

can be very well ascertained, characterized and 

mapped from multispectral & multi-season 

satellite image and thus the multi-layered 

spatial database on land use/land cover, 

geomorphology, soil resource, drainage, 

lithology, structure, base information on 

infrastructures & utilities, etc. can be generated, 

stored, integrated and analysed in a geo-

referenced GIS platform. 

OBJECTIVES 

The objectives of the study are: 

I. To delineate the catchment area of the 

reservoir proposed under Sandul 

Irrigation Project 

II. To prepare the base level database, i.e. 

road, river, railway line, forest 

boundary, etc. of the identified 

catchment from topographical sheets 

III. To characterize map and prepare the 

geo-database on natural resources-land 

use/land cover, geomorphology, 

drainage, soil, lithology & structure of 

the identified catchment using Multi-

Spectral High Resolution Satellite 

image 

IV. To create spatial information on slope 

characteristics of the identified 

catchment 

V. To integrate and analyse the spatial 

layers in GIS platform using logic to 

prepare catchment treatment plan for 

the identified catchment 

VI. To prepare the statistics of all layers 

and to prepare the GIS compatible map 

output for the catchment area treatment 

plan 

STUDY AREA 

The identified Catchment of the Sandul 

Irrigation Project has a spatial extent of 740 sq 

km or 74000 Ha. Sandul Irrigation Project 

envisages construction of a barrage near village 

Dutta of Madanpur-Rampur block of Kalahandi 

district to irrigate about 500-Ha (Cultivable 

Common Area) of land. 



 

 
SGAT BULLETIN VOL.16, NO.1, JUNE 2015 

60 

The catchment at the barrage covers parts of 

Narla, Lanjigarh, Madanpur-Rampur, Kesinga 

and Karlamunda blocks of Kalahandi district, 

Tumudibandha block of Kandhamal district and 

Muniguda block of Rayagada district. 

The catchment boundary lies within latitudes of 

19⁰ 50’ 36.281’’ N to 20° 13’ 41.769’’ N and 

longitude of 83° 18’ 30.235’’ E to 83° 33’ 

31.189’’ E. 

The average altitude of the catchment above 

mean sea level is 571.5 metres with minimum 

altitude of 220 metres and maximum altitude of 

923 metres above mean sea level. The dam in 

the Project is proposed to be built at the junction 

of rivers Sandul and Pierichu near the village 

Dutta of Madanpur-Rampur block of Kalahandi 

district. 

 

 

 

METHODOLOGY 

Database Used 

1. The Index map of Sandul Irrigation Project 

has been referred for fixation of catchment 

boundary. 

2. The Topographic sheets (64 P/8, 64 P/12, 

65 M/5, 65 M/9) at 1:50000 scales have 

been used to create catchment boundary, 

forest boundary and drainage map. 

3. Remote Sensing Data: IRS-LISS-IV & 

CARTOSAT-I merged data has been used 

INDIA ODISHA

KALAHANDI,KANDHAMAL,RAYAGADA DISTRICT

CATCHMENT AREA

INDEX MAP
CATCHMENT OF SANDUL IRRIGATION PROJECT

Odisha Space Application Centre

Prepared by Swayamsiddha
MSc. Environmental Science
Dept. of Botany
Utkal University
at ORSAC
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for interpretation of land-use/land-cover, 

geo-morphology, soil, lithology, 

lineaments, and water bodies. 

Methodology 

The methodology of the study consists of the 

following steps: 

a) The raster data is scanned using A0 

size colour scanner, Vidar TruScan 

Titan H36.  

b) The scanned base map sheet is then 

geo-referenced (Geographic 

Lat/Lon WGS-84, UTM-ZONE-44 

N) using ground control points 

obtained from topographic sheet by 

ERDAS-2010-IMAGINE classic 

software. 

c) ArcGIS 9.3 software has been used 

to digitise and to create different 

shape files and for different layers 

for the study. 

d) Road, drainage map, and forest 

boundary layers have been created 

from the Topographic sheets. 

e) Preparation of Layers of 

information: Land-use/ land-cover, 

geo-morphology, lithology, soil, 

water bodies, and lineaments have 

been generated by on screen 

interpretation with the help of 

image interpretation elements and 

legacy data. 

f) Slope map of the Catchment has 

been generated through SRTM 

data (downloaded through 

internet). 

g) Assigning weightage to different 

units/class of lithology, geo-

morphological features, slopes and soil 

according to their individual role in 

catchment treatment planning and then 

overlying and integration of the maps 

resulting in catchment treatment plan map 

of the study area. 

h) Statistics generation for each layer has 

been carried out using the ArcGIS 9.3 

software. 

i) All the spatial outputs for all the input 

layers as well as the Catchment Treatment 

Plan have been generated using ArcGIS 

9.3.

 

 

Discussion 

Integration of different thematic geo spatial 

layers based on designed logic has resulted the 

generation of both land management treatment 

and water management plans for the catchment, 

the result of which is discussed below. 
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Land Management Plan:- 

Table 1.1: Combination of input parameters for Catchment Area Treatment Plan Generation for Land 

Management  

 
COMBINATION OF INPUT PARAMETERS FOR CATCHMENT AREA TREATMENT PLAN GENERATION 

Sl. 

No 

Treatment Item Existing Land-use Geomorphology Slope 

In % 

Lithology 

1 Afforastation Scrub land Pediment 5 – 8 Khondalite/ 

Gneiss 

2 Agro-horticulture Scrub land Pediment 0 – 3 Gneiss 

3 Agro-forestry Scrub land Pediment 3 – 5 Khondalite/ 

Charnockite 

4 Energy Plantation Scrub land in patches 

surrounding the 

habitations 

Pediment or 

pediplain 

3 – 5 Gneiss 

5 Enrichment Plantation Degraded Tree Clad areas Pediment 3 – 5 Gneiss 

6 Gully Plugging Gully lands Gullied Land 1 – 3 Charnockite / 

Gneiss 

7 Horticultural Plantations with 

contour bunding 

Shifting cultivation Intermontane 

Valley/ Plateau 

3 – 5 Gneiss 

8 Intensive agriculture with 

sustainable use of water 

resource & field bunding 

Kharif cropped land Pediment/ Pediplain 0 - 3 Gneiss/ 

Charnockite 

9 Nurseries development Scrub land in patches 

adjacent to habitations 

Pediment/ Pediplain 0 - 3 Gneiss / 

Charnockite 

10 Optimally used land Double cropped land Valley fill 0 - 3 Gneiss 

11 Pasture land development Land without scrub (only 

one patch in one or two 

Mouja) 

Pediment 1 - 3 Gneiss/ 

Khondalite 

12 Plantations Barren Rocky Pediment 3 - 5 Khondalite/ 

Charnckite 

13 Renovation of existing water 

bodies 

Dry tank/pond _  _ 

 

i) Afforestation 

Afforestation is the planting of trees for 

commercial purposes, usually on land 

supporting non-forest types. In open forest 

areas plantations should be taken up in priority 

to meet the demand for fuel, fodder and timber 

of local people. The scrub land areas with 5-8% 

slope in pediment region, inside the catchment 

can be afforested through type of plantations 

chosen in consultation with the forest 

department officials. 

 

ii) Agro-forestry 

Agro-forestry is an integrated approach of using 

the interactive benefits from combining trees 

and shrubs with crops and/or livestock. Scrub 

lands with medium slop, inside the catchment 

can be planted through type of plantations 

chosen in consultation with the forest 

department officials. 

 

iii) Plantations 

A plantation is a long, artificially established 

forest, where crops are grown for sale. The 

barren rocky areas, inside the Catchment can be 

taken up for plantations in consultation with the 

forest department officials.  
 

iv) Agro-horticulture 

Agro-horticulture is a combination of 

agriculture and horticulture. It is very diverse in 

its activities, incorporating plants for food 

(fruits, vegetables, mushrooms, culinary herbs) 

and non-food crops (flowers, trees and shrubs, 

turf-grass, hops, medicinal herbs). Scrub lands 

with low slope area, inside the catchment have 

been suggested for agro-horticultural practices.  
 

v) Horticultural Plantations with contour 

bunding 

The contour bunding involves the placement of 

lines of stones along the contour lines of a 
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landscape. The horticultural plantations with 

contour bunding helps to capture and hold 

rainfall before it can become run off. It also 

inhibits wind erosion by keeping the soil heavy 

and moist.  

 

vi) Intensive Agriculture with Sustainable 

use of water resource and field bunding 

The land units having Kharif crop land with 

slope from 0 - 5% present in the region between 

foot hills to the valley regions can be suggested 

for field bunding. As the land is almost levelled, 

the bunds are suggested at larger distances. 

These bunds will not only serve as barriers to 

soil erosion but also serve in regulating water 

flow. 

 

vii) Energy Plantations 

Energy plantation means growing selective 

species of trees and shrubs which are 

harvestable in a comparably shorter time and 

are specifically meant for fuel. The advantages 

are: 

• Heat content of wood is similar to that of 

Indian coal 

• Wood is low in sulphur and not likely to 

pollute the atmosphere 

• Ash from burnt wood is a valuable 

fertilizer 

• Utilization of erosion prone land for 

raising these plantations helps reducing 

wind and water erosion, thereby 

minimising hazards from floods, siltation, 

and loss of nitrogen and minerals from 

soil. 

•  It helps in rural employment generation. It 

is estimated that a hectare of energy 

plantation is estimated to provide 

employment for at least seven persons 

regularly. 

viii) Nursery Development 

The nurseries should plan to produce healthy 

plants covering timber, fuel, fodder, fruits, non-

wood forest produce and even ornamental 

species having good demand in the locality.  

 

ix) Pasture Land Development 

Drought has become a common phenomenon 

and has been recurring after every 3 – 4 years, 

resulting in shortage of fodder for cattle. The 

waste lands may also be reclaimed for the 

following purposes.  

• Provide employment opportunities to the 

rural poor and strengthen their livelihood 

resource base 

• Supply fodder for the landless cattle 

rearers 

 

x) Gully plugging 

Gullies are symptoms of functional disorders of 

the land, improper land use and are the most 

visible result of severe soil erosion. Gully plugs 

can be defined as stones placed across gullies or 

valleys, so as to capture nutrients, silt and 

moisture. The principle is to capture runoff 

from a broad catchment area, thus transferring 

low rainfall into utilizable soil moisture, and to 

prevent soil erosion. Slowing of the flow of 

water helps in settling down organically rich 

soil. A well maintained gully plug creates a flat, 

fertile and moist field, where high value crops 

and trees can be grown. 

 

xi) Renovation of Existing Water Bodies 

Water bodies have traditionally played an 

important role in irrigation, drinking water 

supply, hydropower ecology, tourism/culture 

and domestic use. Government of India 

approved a scheme for Repair, Renovation and 

Restoration of Water Bodies with external 

assistance as a state sector scheme. 

 

Table 1.2: Land management spatial distribution 

Sl. No Land Management Classes Area in Ha Percentage to 

Total Area 

1 Afforestation  345.75 0.467 

2 Agro-horticulture 1808.752 2.444 

3 Agro-forestry 1871.758 2.529 

4 Canal 212.915 0.29 

5 Energy Plantation 240.762 0.325 

6 Enrichment Plantation 1945.789 2.629 

7 Gully Plugging 285.534 0.385 
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8 Horticultural Plantation with Contour bunding 596.672 0.812 

9 Intensive Agriculture with sustainable use of water resource and field bunding 24862.41 33.59 

10 Nurseries Development 83.252 0.12 

11 Optimally Used land 15611.95 20.085 

12 Pasture and Development 47.558 1.0 

13 Plantations 315.132 0.51 

14 Renovation of existing water bodies 190.009 0.25 

15 River 500.167 0.675 

16 Rural Settlement 1870.521 2.527 

17 Water Bodies 964.886 1.303 

18 Reserved/Protected Forest 22246.18 30.062 

Water Management 

Table 1.3: Combination of input parameters for Catchment Area Treatment Plan Generation for Water 

Management 
COMBINATION OF INPUT PARAMETERS FOR CATCHMENT AREA TREATMENT PLAN GENERATION 

Sl. 

No 

Treatment 

item 

Existing 

landuse 

Geomorphology Slope in 

% 

Drainage Lithology Structure 

1 Check dam Settlement or 

well in the 

down stream 

Pediment  3 - 8 1st Order Khondalite Not necessary 

2 Nala bundh Settlement 

near by 

Shallow weathered 

pediplain 

0 - 5 1st and 2nd 

order 

Gneiss Not necessary 

3 Percolation 

tank 

Settlement 

near by 

Shallow weathered 

pediplain 

3 - 5 2nd order Gneiss Preference of 

lineament 

4 Water 

Harvesting 

Structure 

Presence of 

waste lands 

Pediment with 

suitable contouring 

3 - 8 3rd & 4th 

order 

_ Not necessary 

1. Check dams 

The check hams have been suggested at the site 

of 1st order drainage excluding the interactions 

of lineaments. 345 numbers of feasible check 

dam sites have been identified in the catchment 

area. A check dam is a small dam, which can be 

either temporary or permanent, built across a 

drainage. The broad objectives of check dams 

(in-stream storage structures) are (i) to provide 

drinking water facilities in the villages along 

both sides of the river after monsoon period, (ii) 

groundwater recharge, (iii) to provide 

incidental irrigation during late Khariff and 

Rabi by storing water at the end of monsoon 

mainly through lifting devices, (iv) irrigation 

use of water flowing down drainage channels, 

(v) to divert water from perennial / semi-

perennial streams in hilly areas for irrigation 

purpose, (vi) the check dams will store or divert 

surplus water flowing to the sea at the end of 

monsoon. 

2. Nala Bunds 

Nala bunds are embankments constructed 

across nala for checking velocity of runoff, 

increasing water percolation and improving soil 

moisture regime. Main objectives of nala 

bunding are to impound surface runoff coming 

from catchments and to facilitate percolation of 

stored water into soil sub-strata with a view to 

raise groundwater level in the zone of influence 
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of nala bund and to hold the silt flow which 

would otherwise reach the multipurpose 

reservoirs downstream and reduce their useful 

life. Nalla bundings have been suggested at 2nd 

order drainages excluding the intersections of 

lineaments in the study area. In the catchment 

area.94 nos of feasible Nala Bund sites have 

been identified. 

3. Percolation Tanks 

Percolation tanks, which are based on 

principles similar to those of nala bunds are 

among the most common runoff harvesting 

structures in India. A percolation tank can be 

defined as an artificially created surface water 

body submerging a highly permeable land area 

so that the surface runoff is made to percolate 

and recharge the groundwater storage. They 

differ from nala bunds in having larger 

reservoir areas. They are not provided with 

sluices or outlets for discharging water from the 

tank for irrigation or other purposes. The 

percolation tanks are constructed in the lower 

order drainage having slightly sloping to level 

land, nearby agricultural land and settlement 

with lineament. 50 nos of feasible percolation 

tank sites have been identified inside the 

catchment area. 

4. Water Harvesting Structures 

Water harvesting structures are identified 

considering the 3rd and higher order drainage, 

lithostructure, hydrogeomorphology, and the 

slope of the areas which will store water for a 

larger period. These structures act as store 

house for rain water which can be efficiently 

used for irrigation and other purposes during 

shortage of water. Also it will help in 

recharging the groundwater table of the nearby 

areas. These structures are either earthen or 

masonry depending on nature of the terrain, 

amount of runoff and availability of 

construction materials. 20 feasible water 

harvesting structure sites have been identified 

inside the catchment area. 

CONCLUSION 

During the present study it is observed that high 

resolution satellite images help to distinguish 

between various types of land-use, lithology, 

geomorphology, soil types and water body 

categories. The high resolution satellite image, 

i.e., IRS-LISS-IV & CARTOSAT-I merged 

image provide opportunities to differentiate 

features like road, forest, crop lands, scrub  

lands, gullied land, fallow land, shifting 

cultivation, barren rocky, rural settlement, tree 

clad area etc. of a catchment. 

Generation of individual layers like water 

bodies, roads, land-use, forest, geology, 

geomorphology etc. help in generation of theme 

based digital layer integration in GIS. 

Integration of different thematic layers through 

GIS for preparation of Catchment Treatment 

Plan is an important and vital use of geo-

informatics in this type of decision based 

planning. 
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SUMMARY OF PROCEEDINGS OF MINEXPRO 2014 

5-7 December, 2014 

INAUGURAL SESSION 

Welcoming the delegates, Hon’ble Sri Prafulla 

Kumar Mallik, Minister for Steel & Mines, 

Justice Shri Anang Kumar Patnaik, former 

Justice of Hon’ble Supreme Court and Sri 

Rajeev Singhal, vice president Tata Steel, Dr. 

S.K. Sarangi, President, SGAT mentioned 

about the untimely and sad demise of B.C. 

Patnaik, General Secretary and the Convener of 

the event and requested the delegates to observe 

one minute silence. 

In his welcome address Dr Sarangi presented 

an overview of the status of the mineral 

development in the state, large scale 

unemployment and loss of revenue on account 

of closure of large number of iron and 

manganese ore mines, recent circulars and 

pronouncements of the courts in regard to 

illegal mining and delay in environment and 

forest clearances of projects among others. He 

mentioned about the contribution of SGAT to 

promote mineral development in the country 

and drew the attention of the Honoured Guests 

about recommendations made by the Society in 

the form of Vision Document for accelerating 

development of mineral resources of the state.  

Dr Sarangi mentioned that MINEXPRO 2014 

has been organized with a view to interacting 

with experts in the fields of mineral 

exploration, designing of mines, processing and 

beneficiation of low grade ores, legislative 

matters to arrive at a meaningful consensus 

about state of art practices which need to be 

followed and adhered to by the mining industry, 

administration and all other stakeholders. 

Sri B.K. Mohanty, Adviser introduced the 

Chief Guest and Guests of Honour.  Introducing 

Hon’ble Minister for Steel & Mines, Sri 

Mohanty mentioned that considering his 

legislative experience and long association with 

labour movement Shri Mallik has been 

entrusted to look after the portfolio of Steel & 

Mines which is of strategic importance for the 

state.  He hoped that Sri Mallik will certainly 

propel the stagnant mineral industry of the state 

to an era of activity and prosperity. 

 

About Mr Rajiv Singhal, Shri Mohanty counted 

on different fields of experience and expertise 

during his prolonged association with Tata 

Steel for about three decades and his present 

role of Vice-President, Raw Materials, where 

he has been driving many changes and 

improvements to meet the current challenges. 

Introducing Justice Shri A.K. Patnaik, Shri 

Mohanty shared that Justice Patnaik is a very 

distinguished jurist of our country. He 

highlighted his educational and legal career and 

told that Justice Patnaik had presided the Green 

Bench of the Supreme Court, which handled 

environmental litigations and clearances of 

different projects throughout the country. Shri 

Mohanty further mentioned about the landmark 

judgements of Justice Patnaik with respect to 

Goa as well as Odisha Mining cases. 

Justice A.K. Patnaik in his address 

congratulated SGAT for selecting an 

appropriate topic for deliberation considering 

the recent developments in the mining sector in 

the country.  He mentioned that production of 

minerals and mining are indispensible for 

development of the country, but these have to 

be regulated in accordance with the provisions 

of the Constitution. Keeping this in view the 

judgments were pronounced in different High 

Courts and the Supreme Court on the activities 

relating to environmental management, 

utilization of forest land, pollution of air and 

water and mining. Justice Patnaik quoted 

Articles 21, 42, 43, 48 A, 51 A (g) and seventh 

schedule of the constitution which guarantee 

right to life, protection of environment, forests 

and wildlife and observed the judges have taken 

a pledge to protect the constitution. He recalled 

the circumstances that led him to deliver the 

judgments in regard to alleged illegal mining in 

the states of Goa and Odisha.  He emphasized 

the fact that mining cannot be permitted if it 

adversely affects the lives of people.  He 

stressed the point that mineral rights vest with 

the state and therefore the state has an 

obligation under the constitution to protect the 

lives of the people, wildlife and environment.  

Justice Patnaik cited various legislations that 

govern and regulate mining activities, powers 

of Central and State Govt., Pollution Control 

Boards etc.  He referred to the MMDR Bill and 
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some of the important provisions like 

competitive bidding which is pending approval 

in the Parliament. He mentioned about 

allocation of coal blocks and observations of 

the Supreme Court that the procedure followed 

and decisions taken do not appear to be 

transparent. He advocated creation of a post of 

Regulators both at the State and Central Govt. 

levels for forest Conservation and Environment 

Protection Acts and these Regulators should be 

given power for clearance of proposals for 

forest diversion and environment clearances.  

He observed that there is need for capping on 

production considering the carrying capacity of 

the area and infrastructure. In regard to 

Karnataka and Goa Justice Patnaik, in his 

judgment, has prescribed capping of 30 million 

tonnes and 20 million tonnes respectively for 

iron ore production annually.  He also 

mentioned that the Supreme Court has directed 

that no mining should be undertaken within 1 

km of national parks. Previously there was no 

such law in this regard. Concluding his address 

Justice Patnaik mentioned that the courts had to 

step in cases where the administration has failed 

to adhere to the provisions of the constitution. 

He also felt the need that the regulatory 

agencies should be allowed to function 

independently and should be given more 

powers. 

Shri Prafulla Kumar Mallik, Hon’ble 

Minister of State (Independent Charge), Steel & 

Mines, Labour & ESI, Govt. of Odisha, was 

glad to record that the efforts being made by 

SGAT for mineral development are 

praiseworthy and that SGAT is a true 

professional society working ungrudgingly 

since 1980 focusing on various issues of 

mineral development.  His address contained 

the following important points. 

“Our beloved leader and a great visionary Late 

Biju Patnaik always told that my State is rich in 

natural resources such as mineral, forest, river, 

landscapes, beach and huge human resources 

but in spite of this my people are poor.  It 

always hurts me when I see the unchanged 

scene even today." 

“As we all know Odisha is endowed with large 

Mineral resources like Chromite, Iron, Bauxite, 

Manganese, Graphite, Coal, Gemstone, Beach 

sand etc. The economic development of the 

State is directly proportional to the sustainable 

development of the natural resources, 

particularly mineral resources. In the socio-

economic development of the people of the 

State, minerals and mineral based Industries 

have a big role to play. We have to admit that 

without proper scientific development of 

mineral resources of the State, we cannot 

compete with any other states and countries. 

We are unable to explore and exploit the 

resources economically due to various reasons 

discussed in several forums. But, now the time 

and opportunity have come to implement 

suitable operational methodologies and 

scientific technologies to achieve sustainable 

mineral development. On this platform, I 

request all the geoscientists and mining 

engineers to make best use of the mineral 

resources adopting advanced technical know 

how. As you know, these resources are non-

renewable and once exhausted it is gone for 

ever. I have been informed that aluminium can 

be extracted from the laterites of Eastern Ghats 

and Nickel from Laterites of Sukinda valley.  

Therefore, we should not make use of these 

laterites only in construction work. Rather, we 

must use the substitute and preserve the laterites 

for future generation. Who knows someday a 

new technology may come up where these 

laterites can be used for extraction of rare and 

trace elements economically. I urge upon both 

regulating and regulatory agencies to develop 

pro-active attitude for the promotion of mineral 

development with the creation of value addition 

opportunities in the State.” 

“As pro-active measure during mining 

operation we should endeavor maintaining 

ecological balance honoring the sentiments of 

local public, Adivasis and others. They must be 

suitably rehabilitated. As it takes a lot of time 

to get forest clearance for mining operation and 

opposition from local inhabitants on the plea of 

forest degradation and resultant environmental 

pollution, advance plantation before mining 

operation are to be taken up. Further, the 

abandoned mines can be developed to greenery/ 

tourist site by taking up massive plantation in 

mines areas as well as adjacent vacant areas 

using scientific technology. The natural stream/ 

fountain and other nature’s gifts are required to 

be sensibly preserved for our future generation 

and without disturbing the convention/ faith 

practised by the primitive tribal groups.  Mining 

lessees should also take precautionary measure 

in course of mining activities to prevent damage 
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to streams which are used by the local 

inhabitants.  After all, when we think of 

sustainable management of mineral resources, 

we have to consider many aspects.  Recently, 

Government of India has circulated a draft 

MMDR Bill which is being examined in the 

State Government and I wish SGAT helps the 

Government in suggesting suitable 

amendments to the Draft Bill keeping the 

interest of the state in view." 

“Let us join hands to make our State a model in 

the field of mineral exploration and I sincerely 

hope, the views and recommendations that 

would emerge in MINEXPRO 2014 will 

certainly help in our endeavor for successful 

mining, mineral processing and environment 

management.” 

Shri Rajiv Singhal, Vice President, Tata Steel 

in his address stressed that mining is essential 

for sustenance of manufacturing industries.  He 

mentioned that the mining should be carried out 

responsibly and in a sustained manner keeping 

in view the interest of all stakeholders.  Mining 

regulations should not act as deterrent to 

bonafide activities. He drew attention to the fact 

that the recent MMDR Amendment Ordinance 

2015 should emphasize on scientific mining 

and value addition.  Stressing on sustainable 

mining development Shri Singhal appealed to 

the miners to prioritize on absolute safety for all 

categories of employees in mining industry.  He 

also mentioned that mineral exploration plays a 

key role in designing and development of mines 

and called upon the mining lessees to make 

suitable investment for exploration activity.  He 

opined that the miners should be morally 

responsible for environmental protection while 

pursuing the mining activities.  At the end Shri 

Singhal stressed the need of Corporate Social 

Responsibility and appealed to the miners to 

project a positive attitude towards CSR 

activities. 

The Inaugural Session concluded with Shri 

Sujit K. Mohanty offering formal vote of 

thanks.  

 

Technical Session – I: Mineral Exploration Techniques 

The Session was chaired by Dr. S.K. 

Wadhawan, former DG, GSI and Shri Girija 

Prasad Mohapatra, former Addl, DG, GSI. 

Four papers were presented in the session. 

 

1. GIS Approach to inferencing of Copper 

potentiality in Singhbhum Belt: Dr. B.C. 

Sarkar, ISM, Dhanbad. 

The paper on Geospatial modeling of 

Singhbhum shear zone with geological inputs 

of lithology, structure and stratigraphy was 

presented for the preparation of geospatial 

models derived and predictitive maps using 

statistical tools to arrive at a copper potential 

map. It was a nicely structured presentation 

which was discussed by the delegates from 

several quarters. 

Recommendations 

a. Singhbhum Shear zone and copper 

mineralization are being explored and 

extensively mined since more than a 

century, hence available subsurface drilling 

and mining data could provide significant 

value addition for the copper potential map. 

 

b. The potential map needs to be corroborated 

by subsurface exploration by the agencies 

working in the Shear Zone, such as GSI, 

AMD. UCIL, HCL, State Dept for Mines 

and Geology or any other agency. 

c. The information may be passed on to GSI 

for discussing in the relevant CGPB 

Committee for further deliberations to 

include FSP Item in the renewed detailed 

exploration programme by GSI/ MECL. 

d. The model can be helpful in the 

investigation for similar type of exploration 

in basemetal and other allied minerals. 

 

2. Design of support for the underground 

chromite mine using numerical modeling 

techniques: Dr. I. Sreennivasa Rao, Univ. Of 

Engg. Kothagudem 
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Borehole rock samples were tested for 

geotechnical properties in designing a vertical 

shaft and decline for mining of chromite in 

Sukinda chromiferous belt, Odisha. A detailed 

presentation was made for working out cost 

effective mining and stability analyses utilizing 

Rock Mass Rating and Geological Strength 

Index. 

Recommendations 

a. In addition to the model presented, there are 

several other working models in similar 

field which may also be tested and 

comparative analyses attempted for 

optimum results. 

b. The other geological variability such as 

lithology, structure, nature of weathering, 

water percolation regime, etc. may be taken 

into account because of complex pattern in 

the test site which could improve the 

designing of the shaft and selecting site for 

portal of decline. 

 

3. Deposit Modelling - Use and Abuse: Dr 

Murari Mohan Mukherjee, Dy DG (Retd), GSI. 

Dr Mukherjee stressed that the practical 

application of a simple standard modeling for 

the mineral deposit specifically for the gold is a 

difficult proposition in view of the complex 

geological milieu. He cited the occurrences of 

gold lode in various parts of the world which 

have wide ramification in all geological factors.  

However, the grade and tonnage derived from 

the statistical analyses shows different pattern.  

In view of the variable factors such as price of 

the commodity, cost of operation, supply and 

demand and worldwide financial future, the 

challenges for the mineral exploration expert in 

the present time are tough and require holistic 

synthesis of available data particularly those of 

the lesser known deposits for modeling. 

Recommendations 

a. Modeling of deposits widely separated in 

space and temporally poorly constrained 

lead to over generalization and tends to 

ignore the dissimilar characteristics. Aim of 

modeling should be to determine to what 

degree the deposit to be estimated fits in a 

model rather force the selective features of a 

model into the deposit type under 

consideration. 

b. Gold exploration in the country has to be 

modeled taking into criteria of multiple 

geological variation all over the world. 

c. Geologically and statistically sound 

Sampling Techniques and full-proof 

methods of analyses [Fire Assaying] for 

Gold need be adopted for realistic results 

and prognostication. 

d. Gold exploration in Odisha has a bright 

future which has to be promoted and 

renewed; worked out in detail on the basis 

of preliminary work carried out by GSI. 

 

4. Targeting New Area for the exploration of 

Base Metals in Mayurbhanj district, Odisha: 

S.N. Parida, Directorate of Geology, Odisha 

On the basis of detailed mapping, geochemical 

sampling and analyses, further northward 

extension of the base metal deposit of 

Kesharpur need to be investigated. 

Recommendations 

a. GSI has carried out detail exploration in this 

belt from 1968 to 1976 and this was 

followed by further exploration and drilling 

by MECL. Hence careful analyses of the 

existing data-sets and information may help 

in deciphering further exploration strategy 

in this belt. 

b. Litho-structural aspects, controls and 

mineral paragenetic guides based on 

detailed ore-petrographic studies will help 

targeting mineral exploration. 

5. Mineral exploration for unlocking the 

potential of mining sector in India- Priority for 

Technology Metals: Dr. S.K. Wadhwan, former 

DG, GSI 

Dr. S.K. Wadhwan presented the strategy for 

the growth of mineral based industry through 

exploration with up-dated technology at 

international level. He also outlined the 

strategy/ methodology adopted by GSI in 

unraveling the newer mineral deposits and 

success of the organization in this field. He 

emphasized on urgent need to search for 

technology minerals/ elements including REE, 

PGE, Ta, Nb, Sb, W, Mo, Re, Te, Se, Ge, Cd, 

In, Ga, V, Be and Sc and develop or import 

extraction technology for recovery of modern 

technology minerals/metals as by-products or 

primary products for their strategic importance 

and ensuring mineral security for India. 
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Recommendations 

a. There is a need for pursuing exploration 

efforts with modern concepts and tools for 

possible breakthrough thus requiring a 

dynamic synergy between government and 

non-government stake holders for 

generation and availability of geoscientific 

data. 

b. There is urgent need to digitize and make the 

baseline geosciences data available (on 

request, if free restriction needs to be 

curtailed for security reasons), to enable 

stake holders and exploration companies in 

the exploration effort and to make the 

digitized geological data available on 

request (which is currently available 

internally). All known 150 mineral belt 

maps in Obvious Geological Potential 

[OGP] area in India be digitized urgently by 

GSI for uploading in public domain. 

c. It is to be ensured that the additional 

baseline data generated (geophysical and 

geochemical) is also digitized to be made 

available quickly and to use the enhanced 

baseline data generated to support 

continuity in mineral exploration leading to 

grant of mining lease (ML). Further it may 

be ensured that the geosciences data 

generated by Exploration Companies is 

submitted back to GSI [Mission-II] and 

documented for future reference. 

d. It is imperative that implementation support 

mechanisms are put in place such as proper 

quality checks, measures to coordinate 

between multiple sub-contractors, prioritise 

funding support, promote time-bound 

specific exploration strategies and recycling 

technology, etc., as a National priority. 

e. It is recommended to create and nurture 

dedicated centres for R & D in Exploration 

that can be established to act as ‘National 

Centres of Excellence in Exploration 

Geosciences’.  There is urgent need to 

ensure capacity utilisation of installed 

modern laboratory equipment. 

f. As the stress towards blind and deep seated 

deposits has been building, the Centres of 

Excellence may work in tandem with IBM, 

MECL and academic institutes like ISM and 

IITs, etc. Special attention has be paid for 

exploration and search for strategic, scarce 

and deficit minerals to reduce imports.  

Mineral Resources are required to be 

augmented by search for concealed deposits, 

lowering of threshold values to holistic 

levels and conservation of existing 

resources by zero waste mining and 

improved beneficiation. 

g. With a view to improve public acceptability, 

increase awareness and correct the image of 

mining sector there is need to develop 

Mining Parks and Museums.  Besides, to 

promote learning about geosciences and 

mining for students below Grade XII and 

skill development and mining education be 

initiated in schools. 

h. Unique and typical geological sections and 

mining areas adopting best sustainable and 

safe mining practices be selected for 

showcasing to the world geoscientists and 

allied technologists community during he 

International Geological Congress (IGC-

2020) scheduled to be held in Delhi in 

March 2020. 

 

 

Technical Session – II: Designing of Mines, Mine Closure and Reclamation 

The Chairpersons for the Session were Shri 

B.K. Mohanty& Shri K.K. Dave (COO. 

SesaSterlite). Five papers were presented in the 

session. 

6. Designing an opencast mine: Shri U.K. 

Mohanty, former Regional Director, CMPDIL 

Requirement of coal for end user plant, 

potentiality of the coal block, geology, extent of 

exploration, disposition of the seams have to be 

assessed for proper planning and designing of 

the block before conducting competitive 

bidding said Shri Mohanty.  He discussed about 

mine layout, equipment such as surface miner, 

overburden removal evacuation of coal, 

backfilling, land reclamation aspects relevant to 

mine design 

7. World class Technological Initiatives in Iron 

ore mines of Tata Steel: Shri M.C. Thomas, G 

M and Shri R.P. Mali, Head (Planning), OMQ, 

Tata Steel. 
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Shri Mali, in his presentation, mentioned that 

Tata Steel has adopted innovative technology in 

iron and steel making and in production of iron 

ore keeping in view the projected increase in 

production of iron ore from the current level of 

around 10 million tonnes to 25 mt/year around 

2020 from its mines. The mineral industry of 

India is facing several challenges in complying 

rigid statutory requirements, community 

welfare, infrastructure, R & R Mine closure and 

environment parameters. Tata Steel has taken 

technological initiatives to meet all such 

challenges. 

Shri Mali highlighted some of the state of art 

devices adopted by Tata Steel in its iron ore 

mines like (1) IT based safety programmes, (2) 

Reclamation of mined out area and land 

utilisation by designing a quarry to zero 

discharge slime dam, (3) Electronic blasting, 

(4) Rain water harvesting, (5) Rapid loading 

system, (6) GPS based CSR activity and land 

management system and (7) Mine planning and 

scheduling with the help of X-Pac and X-Act 

mine planning software. 

 

8. A Practical Approach for Mine Closure: Shri 

Sabyasachi Mohanty, Head (Mining), Essar 

Steel India 

Shri Mohanty outlined the various aspects of 

mine closure, laying stress on environment and 

social considerations. Closure planning 

continues throughout life of a mine starting 

with plan prior to production, production and 

decommissioning. The paper discussed closure 

planning processes, objectives, mine closure 

issues like technical, commercial, safety and 

environment, socio-economic, inputs required, 

risk/ opportunity assessment and management 

effectiveness of a mine closure plan, closure 

regulations and corporate approach among 

others. Successful closure planning necessitates 

a coordinated approach by the top management, 

mining industry and Government. Besides, 

implementation of the closure plan needs to be 

regularly inspected and audited by both the 

Regulatory authorities and corporate. 

9. From simple high temperature rock forming 

silicates to very useful flux in the Iron and Steel 

Industry: The story of Dunite, Peridotite and 

Pyroxenite: Shri Sudhakar Adhikaree, Chief, 

Odisha Mineral Sands Complex, TSPL 

The Iron and Steel Industry traditionally uses a 

mix of limestone and dolomite as flux. In view 

of alumina : silica ratio in hematitic ore being 

more than 1, quartz is added to enhance slag 

fluidity. 

Shri Adhikaree presented an account of 

successful R & D effort in finding a suitable 

substitute for Dolomite and Quartz in the sinter 

making stage.  The answer has been magnesium 

silicate rocks like Dunite, Peridotite and Ortho-

Pyroxenite which hitherto had no industrial 

applications.  Use of these substitutes has 

caused improvement in furnace operation 

prompting Indian Iron and Steel makers to use 

the magnesium silicate rocks in increasing 

measure. 

10. Lanjigarh Alumina Refiner, Bayers Process 

Overview Environmental Impact and 

Technological intervention for Mitigation: Shri 

R N Mishra, Head (HSE) and Ms Jharna 

Pradhan, Associate, Sesa Sterlite Limited  

The paper presented by Ms Jharna Pradhan 

outlined the effort of Sesa Sterlite Limited, an 

unit of Vedanta Group in setting up a 1 million 

tpa Alumina Refinery at Lanjigarh, a remote 

and poorly developed area of Odisha, 

conforming to sustainable standards and 

minimal environment impact. 

She also mentioned that SSL has achieved zero 

discharge, zero waste and minimal adverse 

impact on environment by adopting state of art 

technologies and developments in Bayer’s 

process, productive of Red Mud extraction of 

vanadium pentoxide among others. Besides, 

SSL contributed significantly in providing 

quality education, health care, mid-day meals 

for school children of the area. 

Remarks by Chairpersons 

It is unfortunate that the refinery set up by Sesa 

Sterlite Limited on the assurance of supply of 

Bauxite from Niyamgiri is now forced to obtain 

Bauxite from all other places except Odisha. 

More surprising is the casual attitude of the 

State Government. The State Government 

should earmark a bauxite deposit for 

development by SSL and accord statutory 

clearances on priority basis. 
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Technical Session – III: Mineral Resources and Processing 

The Sessions was chaired by Dr. M.M. 

Mukherjee, Dy. DG, GSI and Shri A.B 

Panigrahi, Regional Controller, IBM. Five out 

of eight listed papers were presented.  

 

11. Iron ore export market – A Global 

Perspective: Sujit Kumar Mohanty, General 

Secretary (Actg), SGAT. 

Shri Mohanty presented a global scenario of 

iron ore trade which has witnessed 

unprecedented decline in recent years. Export 

of iron ore has fallen from a peak of 117 million 

tonnes during 2009-10 to a record low of 14.4 

million tonnes in 2013-14. Export prices have 

slumped from a record high of $158 to around 

$65/ tonne, rendering export of iron ore 

unremunerative for a country like India where 

both cost of production and railway freight are 

high for mines located in Karnataka, Odisha, 

Jharkhand. Goan iron ore because of low grade 

do not have market at present regardless of 

better infrastructure. All these have happened 

because of slowing down of Chinese economy, 

fall in steel production and decline in import. 

Shri Mohanty suggested consolidation of small 

mines, reduction in export duty and 

rationalisation of railway freight as remedial 

measures. 

12. Fertiliser Minerals and extraction of Potash 

values: N. Dhawan and others, IMMT, 

Bhubaneswar  

 

The importance and significance of Potash for 

growth of plants, animal and human life are 

well known. But there are no known potash 

resources in India as yet. The entire 

requirement of about 3.5 million tonnes is met 

by imports. Laboratory scale tests have 

indicated possibility of extracting potash values 

from silicate rocks like nepheline-syenite and 

pyrophyllite waste by beneficiation. 

13. Need for petrographic and micro- 

compositional characterisation in upgradation 

of low and subgrade ores – some case studies: 

Dr B.K. Mohapatra, IMMT, Bhubaneswar. 

Dr Mohapatra discussed the role of petrography 

and microchemistry in Mineral separation 

process of some typical iron, manganese, 

tungsten and sulphide ores from different parts 

of India.  He mentioned that no tailor made 

process can be adapted for beneficiation even 

for ores looking physically and compositionally 

alike.  Availability of advanced characterisation 

techniques have now made it possible for 

undertaking any kind of beneficiation. 

14. Moissanite as a fake for Diamond: Shri R.N. 

Padhi, Retd. Dy DG, GSI. 

Moissanite, a mineral rarely found in nature, 

can be produced by synthesis and the synthetic 

product can be used as a fake diamond. The 

purpose of the paper is to caution the public 

falling prey to unscrupulous traders. 

15. Sustainable Mining Industry for growth of 

the Nation: Rajan Kumar, NMDC Ltd. 

Shri Rajan Kumar presented an account of what 

should form the core of Sustainable 

Development frame work, expected outcome 

and what should constitute elements of primary 

environment and social policies. The impacts of 

mining may continue well beyond post-closure 

stage.  He stressed the need for augmentation of 

resource base by adopting advanced 

technology. Shri Kumar noted that while 

technically robust approaches for managing and 

mitigating the environmental impacts of mining 

are well developed, socio- economic issues 

associated with mining present significant 

challenges which need to be resolved. 

16. Green Mining Initiatives: Dr S.K. Sarangi, 

President, SGAT 

With increase in Mining activity and 

environment awareness, it has become 

imperative to adopt eco-friendly and 

sustainable technologies for extraction and 

processing of minerals. This is what Green 

Mining aims at. Green mining initiative has to 

address public concern, safety of workers, 

community welfare, conservation, productivity, 

creation of market opportunity, waste 

management, willingness to adopt new 

technologies and reclamation of mined out 

areas. In spite of such laudable objectives 

Green Mining Initiative does face challenges in 

the form of cumbersome legislation, lack of 

inter-ministerial initiatives interference of self-

vested ill-informed NGOs. 
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Dr Sarangi in his presentation highlighted all 

these aspects and way forward to realise Green 

Mining Initiative for sustainable development 

of mineral resources. 

Technical Session – IV: Statutory, Legislative and Community Welfare 

The Chairpersons of the session were Shri 

Deepak Kumar Mohanty, IFS, Director of 

Mines, Odisha and Shri Sanjay Pattnaik, ED, 

Tata Sponge Iron Limited. Eight papers were 

presented. 

17. Application of Forestry and Environmental 

Legislations on Mineral Development: Shri 

Sitaram Kemmannu, FIMI 

Shri Kemmannu mentioned that India has a 

plethora of legislations regulating and 

governing mining activities. These together 

with lengthy overlapping guidelines have 

served one purpose that is restricting pace of 

mineral development.  The author narrated 

evolution of forestry and environment 

legislations, EIA Notification of 1994, 2006, 

various court judgments impacting prospecting 

and mining operation. Shri Kemmannu 

expressed that the following issues relating to 

forestry and Environmental legislations need to 

be looked into and sorted out. 

1) Time limits for grant of PL and EC 

2) Requirement of FC during lease renewal 

3) Diversion of entire forest land within the 

lease in one go as per MoEF Notification 

dated 01.02.2013. 

4) Needless permission for operating PL in 

forest area 

5) Ambiguity in interpretation of safety zone 

6) Requirement of EC during lease renewal for 

leases having EC granted under EIA 

Notification of 1994. 

18. Legal Mechanism on Environmental 

protection in Mining - A Critical Analysis: Dr 

D.K. Behera, Senior Environment Scientist, 

SPCB. 

With rapid industrialization, demand for 

increasing power, growth in economic activity 

including infrastructure saw development of 

large mechanised mines producing coal, iron 

ore, bauxite, limestone etc, with concurrent 

beneficiation facilities. Environment gets 

adversely affected owing to washeries, waste 

dumps, discharge of effluents, loss of top soil, 

deforestation and degradation of soil. Besides, 

air and water are affected. 

Environmental regulations have become 

stringent. The mining industry has become 

more accountable and conscious. Mining 

operation are being carried out with minimal 

adverse impact on environment. 

Dr Behera reviewed the various environmental 

legislations relating to mining and analysed 

them for their relevance. There are multiple 

agencies enforcing legislations overlapping 

with each other.  A critical analysis has been 

attempted to bring clarity in understanding of 

overlapping functions. 

19. Reformation in Regulatory provisions for 

Sustainable Development of Mineral 

Resources: Shri Prabhakar Rout, Advocate 

Shri Rout made an exhaustive presentation 

outlining the rich mineral resource base of the 

country and how we have failed to derive 

optimum benefit out of it owing to multiplicity 

of legislations and agencies dealing the same 

subject. The need is for formation of single 

window system at both Central and State 

Government levels which would grant Mineral 

Concessions and accord forest and environment 

clearances. 

Shri Rout expressed that reserving mineral 

properties for State working & PSUs and 

keeping leases idle do not serve the cause of 

mineral development.  The restriction of 

keeping 7.5 m stretch on either side of interstate 

boundary as safety zone should be withdraws as 

it results in sterilizing valuable mineral 

reserves. 

Shri Rout mentioned that the Indian mineral 

industry is highly taxed and imposition of 

additional tax will inhibit the industry to invest 

on exploration, R & D and CSR projects. He 

outlined the provisions proposed in the MMDR 

Bill 2015. 

The author advocated single window approval 

of proposals for FC, EC, wildlife conservation 
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within a fixed time frame. In view of scarce 

availability of non-forest land for compensatory 

afforestation, only the provision of “twice the 

extent of degraded forest land” should be 

prescribed. 

20. Corporate Social Responsibility adopted by 

Aluminium Sector in Odisha: Dr R.C. Mohanty, 

former ED, Nalco and ex-President, SGAT 

Dr Mohanty presented an overview of Bauxite 

development in Odisha, delay, setbacks and 

local opposition in developing Gandhamardan, 

Baphlimali, Niyamgiri and Maliparbat 

deposits. 

He told that in spite of exemplary CSR 

activities and Environment management by 

NALCO, Utkal Alumina and Vedanta 

Aluminium (Sesa Sterlite), local agitations are 

continuing intermittently fueled by self-vested 

NGOs and political class.  Bauxite reserves of 

Odisha can sustain an annual production of 30 

million tonnes of bauxite and 10 million tonnes 

of alumina. Industry and entrepreneurs are 

positive. The State Government needs to be 

proactive and encourage the existing companies 

to broaden the CSR activities which should be 

carried out in consultation and collaboration of 

the local community. 

21. Offshore Mineral Prospects in the Indian 

Exclusive Economic Zone: Dr B.M. Faruque, 

former Director, GSI 

 

Dr Faruque presented an account of marine 

survey carried out by GSI in the Indian EEZ 

which presently covers an area of 2019 million 

sq. kms and likely to cover an additional area of 

1.07 million sq. kms as per UN Convention on 

Law of the Sea. Dr Faruque mentioned about 

developments in marine survey with the 

acquisition of deep sea multi disciplinary 

survey research vessels - RV Samudra 

Manthan, RV Samudra Kaustabh, RV Samudra 

Shaudhikama and the more sophisticated 

Samudra Ratnakar by GSI. The surveys carried 

out have led to delineation of placer deposits 

(heavy mineral sands), Phosphoric concretion 

aggregates, Oolites and calcareous sands, 

micro-manganese nodules in offshore areas. 

Exploration for polymetallic nodules has been 

planned. Attempt is being made for possible 

locales for gas hydrates. 

Dr Faruque concluded his presentation with the 

observation that there is good prospect of 

mining offshore minerals by India. 

 

22. An Innovative and Eco-friendly Approach 

for Rehabilitation of Waste dump: Dr. 

Khageswar Mahanta, Asst. Vice President, 

Essel Mining and Industries 

 

Dr. Mahanta presented an exhaustive account 

of the problem, statutory requirements, process 

and methodology adopted, root cause analysis, 

probable solutions, benefit and cost analyusis. 

He pointed out that the mine owners have moral 

responsibility to maintain the ecology and 

environment of the area including 

microclimate. He further mentioned that 

Reclamation (R) Rehabilitation (R) and 

Restoration (R) of land degraded by mining are 

mandatory under MCDR 1988. The practice of 

stabilizing of waste dumps by using geo-

textiles (coir mating) is in vogue in several open 

cast mines. It is observed that the polymer used 

in geo-textiles is not bio-degradable.  Besides, 

it contaminates soil.  Hence, a substitute 

material (a mix of top soil, cow dung, straw for 

mulching (bamboo as reinforcement) was 

selected which is bio-degradable and free from 

any harmful contaminant. The species selected 

for plantation were native. The survival rate 

was found to be >95%. Cost wise this method 

was found to be as low as 15% of the method 

using geo-textile. 

23. Study of Mine Closure and Reclamation of 

Abandoned Mines - An Indian Perspective: Dr. 

Alok Kumar Mohapatra and others, OMDC 

Increasing public awareness and environmental 

imperatives, rehabilitation and mine closure 

have assumed considerable importance. There 

is no such stipulation for abandoned mines yet. 

IBM has identified 297 abandoned mines in the 

country. The paper discussed about approach 

for reclamation of abandoned mines, post-

closure phase of mines statutorily closed. 

24. Sustainable Development Activities by Sesa 

Sterlite Limited, Lanjigarh: Shri Ranjan 

Sharma, Head (CSR) 

The paper presented by Ms. Sweta Upadhyay, 

Associate Manager on behalf of the author gave 

an account of CSR activities carried out by Sesa 

Sterlite Limited in and around Lanjigarh based 
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on Sustainable framework and Guidelines. The 

focus areas comprised health care, Education, 

Livelihood, Infrastructure Development, 

Promotion of Sports, Culture and Tradition and 

Youth Development. The author mentioned 

that excellent results have been achieved 

through community participation, involvement 

of Government and NGOs. 

 

VALEDICTORY SESSION 

Prof (Dr.) Omkar Nath Mohanty, former Vice 

Chancellor of BPUT was the Guest of Honour. 

Others who took part in the valedictory session 

were Shri Sanjay Patnaik, Dr. M.M. Mukherjee, 

Shri B.K. Mohanty and Dr. S.K. Wadhwan, 

Chairpersons of the Technical Sessions, Dr. 

S.K. Sarangi, President, SGAT and Shri S.K. 

Mohanty, General Secretary, SGAT. 

Shri B.K. Mohanty presented a summary of 

proceedings of the inaugural session, which 

was graced by Hon’ble Minister, Steel & 

Mines, Govt. of Odisha, Justice Shri A.K. 

Patnaik, Retired Judge of the Supreme Court 

and Shri Rajiv Singhal, Vice President, Tata 

Steel. 

The chairpersons presented in brief the 

proceedings of different Technical Sessions. 

Dr S.K. Wadhawan appreciated the role of 

SGAT in organising such a seminar 

successfully. He opined that all the papers 

presented were outstanding in terms of quality 

and the topics selected.  On the papers 

presented relating to exploration, Dr. 

Wadhavan mentioned that infusion of 

technology, data modernization and modeling 

are the key for targeting mineral resources.  He 

emphasized on creation of digital data and 

called upon all the exploration agencies to share 

the data with each other to maintain enhanced 

synergy and to avoid duplication in data 

acquisition.  He informed that integration of 

geological, geophysical and geochemical data 

will be key for targeting new areas and these 

data in 1:50,000 scale are available with GSI 

and State Govt. He opined that these data 

should be made available to all the stakeholders 

free of cost. He suggested for finalization of the 

digital mineral belt maps by GSI on urgent 

basis, upgradation of laboratory facilities with 

state of art equipment, establishment of synergy 

between professional bodies and research 

institutions and emphasized further on centre of 

excellence developed under GSI, which, in 

turn, should collaborate with the mining 

industry.  He appealed to the geoscientists and 

the mining fraternity to participate in the 

forthcoming IGC 2020 to be held in New Delhi 

and contribute quality papers during the event. 

Prof Omkar Nath Mohanty in his valedictory 

address observed that the papers presented 

comprised a wide spectrum of areas involved in 

mining industry.  He broadly outlined the role 

of legislative, executive and judiciary and the 

dominance of judiciary in regulating mining 

practices in the country. Highlighting the 

concept of Integrated Computerized Materials 

Engineering (ICME) Prof Mohanty stressed the 

importance of ICME for integration of data 

which in turn facilitates taking informed 

decisions, which is very important for this 

country. He stressed that developing an ICME 

system necessitates contributions from all 

stakeholders as this is not affordable price-wise 

and knowledge-wise by the individuals. ICME 

system banks on multi-disciplinary activities 

and interlinking amongst the stakeholders in 

which the outputs of research by the academia 

shall be utilized by the professional miners. The 

system employs sophisticated software and 

modeling and it works in closed computing 

environ. Stressing the need of firm decision 

making and informed debates in the country 

Prof Mohanty appealed to all the stakeholders 

to take advantage of ICME system. Citing a 

German example, Prof emphasized the need of 

creation of similar system in India. He further 

highlighted the concepts of value chain and life 

cycle analysis in mining industry. Prof. drew 

attention to the fact that public perception plays 

a key role while carrying out the mining 

business and all out efforts needs to be made to 

create informed awareness amongst the public 

about the need and benefits of mining. He 

emphasized the need for right kind of 

manpower for any job and argued that India’s 

demographic dividends would stand futile 

unless right thought process is infused in the 

minds of the youth of this country. At the end 

he wished that the professionals and academic 

institutions will work together keeping in view 

the greater interest of the mining industry. 
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Dr. S K Sarangi, President SGAT announced 

successful end of MINEXPRO 2014 and 

informed the participants that the views and 

recommendations that emerged in the 

Technical, Inaugural and Valedictory Sessions 

will be duly communicated to the concerned 

ministries of Government of India, Steel & 

Mines Departments of the State Governments, 

GSI, IBM, FIMI and all other stakeholders.  

Sri S K Mohanty, General Secretary, SGAT 

offered formal vote of thanks. 
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SUMMARY OF PROCEEDINGS OF 

WORKSHOP ON ACTION PLAN FOR DEVELOPMENT OF BARBIL-JODA-KOIRA AREA 

3rd May 2015 

BACKGROUND 

Barbil-Joda-Koira area is the largest iron and 

manganese ore producing area in India. In spite 

of its strategic importance not much attention 

was paid to achieve the overall development of 

these tribal populated areas. In view of this, 

SGAT organised a Seminar at Barbil in 

September 2011 to assess the developmental 

scopes and opportunities. Suggestions emerged 

in this seminar were circulated to various stake 

holders and in order to take stock of the 

outcome of the Seminar SGAT had organised 

one interactive meet at Barbil on 3rd May 2015. 

This event was sponsored by EZMA and 

different stakeholders participated in the 

deliberation. Recommendations of the event 

have been circulated to different stakeholders 

including government agencies. An outline of 

the recommendations is given below. 

RECOMMENDATIONS 

1. Assessment of Mineral Reserves 

The BJK area contains sizable resources of Iron 

ore and Manganese ore. The area also contains 

workable deposits of Bauxite. 

The Minerals (Evidence of Mineral Contents) 

Rules, 2015 have laid down Geological 

parameters, norms for exploration, reporting of 

mineral resources and contents of Feasibility 

Reports. 

A reasonable assessment of Resources (G2 

level) is an essential pre-requisite for 

development planning of a mineral rich area 

like BJK. But considering the status and level 

of assessment the following facts emerge. 

a. About 40% of the estimated resources of 

iron ore and 60% resources of Mn-ore are 

in the Reconnaissance Resouce (334) 

category. 

b. No clear picture is available about 

exploration programmes of GSI, State 

DoG, IBM, PSUs and private lessees to 

bring the deposits to G-2 level. 

c. Taking a cut-off grade at +45% Fe 

recommended by IBM for assessment of 

iron ore resources is not sacrosanct. What 

matters is acceptability of the ore by 

consuming industries at economic cost 

after beneficiation. For Manganese ore, 

the cut-off grade could be 15% Mn as 

Mn-ore containing as low as 20% Mn is 

now commercially acceptable. 

 

SGAT recommends constitution of a Task 

Force comprising DoG, DoM, IBM, SAIL, 

OMC, EZMA and leading private lessees like 

Tata Steel to undertake the following job. 

i. Assess the status and category of 

resources in the existing mines, idle 

leases, abandoned/ lapsed/ terminated 

leases and leases which are temporarily 

closed. 

ii. Assess the quantum of work to be carried 

out to bring each deposit to at least G-2 

level. 

iii. Assess requirement of manpower, their 

training, equipment, laboratory facilities 

and make provision for the same. 

iv. As most of the reserves of Iron and 

Manganese ores in BJK area are located 

in forest land, Ministry of Mines, State 

Department of Steel and Mines, EZMA 

and FIMI should together make effort to 

permit exploration in forest lands without 

obtaining prior approval of MoEF. 

v. Assess requirement of funds and make 

provision for the same. 

 

The work should be completed within a period 

of 5 years. 

For funding the exploration programme, the 

State Government (DoG, DoM) and 

Government of India (GSI, IBM and MECL) 

should seek grant of appropriate amount from 

the National Exploration Trust Fund in 

accordance with the provision of the National 

Mineral Trust Rules, 2015. 

2. Medical, Healthcare and Sanitation 

Following medical and healthcare facilities are 

recommended. 

i. Upgradation of facilities at Joda, Barbil 

and Koira Government hospitals and 

Basudevpur PHC 
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ii. Upgradation of facilities at District 

Headquarters hospital at Keonjhargarh 

including provision of ICU 

iii. Upgradation of facilities at the Cess 

Hospital, Joda and conversion of it to a 

model healthcare centre. [This should 

receive attention of Ministry of Labour] 

iv. Establishment of a Medical college at 

Keonjhargarh 

v. Establishment of an Institute for training 

of Medical Technicians at Keonjhargarh/ 

Bhadrasahi 

vi. Facilities by Government for detection, 

prevention and treatment of TB, HIV/ 

AIDS, Malaria, Jaundice and Dengue 

vii. De-addiction camps 

viii. System for collection, treatment and 

disposal of sewage and garbage should 

be developed to benefit both town and 

rural population.  Possibility of reuse of 

sewage treated effluent water in farming 

should be explored.  All Anganbadi 

Kendras, schools, hostels and all house-

holds in villages should be provided 

hygienic toilets and clean drinking water 

3. Infrastructure 

 

 Roads 

Development of the following two roads calls 

for priority attention 

i. Joda-Bamebari-Palasponga 

ii. 4-laning of NH 215 (The State 

Government, the Mining Association 

and the Civil Society should pursue with 

GoI and NHAI for expeditious 

completion of construction of the road)  

iii. From safety and environment 

considerations, by pass roads should be 

constructed for transportation of ore 

passing through Barbil, Joda and Koira 

towns and villages 

 

 Railway 

The following two projects impacting BJK area 

feature in Financial Year 2015 budget: 

a. Talcher-Bimlagarh : Rs 280 crores 

b. Banspani-Jakhpura (Doubling) : Rs. 513 

crores 

 

Following two linkages are also recommended. 

i. Keonjhargarh-Badampahar 

ii. Barbil-Bhadrasahi-Koira-Kalta-Rakhsi/ 

Bimlagarh 

 Integrated water Supply Schemes for 

Barbil, Joda, Koira townships and 

neighbouring villages 

 Upgradation of the airstrip near 

Bhadrasahi is pending for long.  This 

should receive the alteration of The State 

Transport Department 

 

4. It is desirable that each of the mining 

lessees should adopt one village. 

 

5. School drop outs particularly for girl 

students and absenteeism of teachers are 

common.  All efforts should be made by 

the NGOs to prevent this.  It is necessary 

that the schools (upto Higher Secondary 

level) in each or cluster of villages have 

functional buildings, teaching aids, play 

ground, hygienic toilets, clean drinking 

water and greenery. 

 

6. Establishment of ITIs is not enough.  

These institutions should provide training 

facilities in the areas needed by the mining 

industry such as technicians to handle and 

operate sophisticated mining and 

environment protection equipment. 

 

7. A project which needs priority attention is 

desiltation and cleaning up of 

a. Baitarani river passing through mines 

b. Karo river 

c. Kurhadi nala 

d. Sona/ Kundra Nala 

 

Implementation of this project is a joint 

responsibility of the mine owners. 

 

8. Construction of Water Harvesting 

structures should be promoted 

 

9. Mining and Environment Management 
i. Improvement in mining technology in 

the areas of mine planning, mining 

operations and equipment 

maintenance, beneficiation of low 

grade ores, transport logistics, R & D, 

application of ERP in mining operation 

and a detailed audit of raw material 

availability, supply and utilization was 

emphasised. 

ii. Besides lowering the incidence of 

alumina which to some extent is being 

achieved by jigging and hydro-cyclone, 

beneficiation strategy should focus on 
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the large quantities of dumps and 

slimes to recover iron values.  

Systematic assessment of quantities 

and grade (%Fe & Mn) of dumps and 

slimes available in the area should be 

taken up followed by R & D studies in 

reputed laboratories. 

iii. Plantation/ afforestation, desiltation 

and cleaning of water bodies polluted 

due to mining and processing 

operations, restoration of farm lands 

damaged due to mining and processing 

operations, reclamation and 

rehabilitation of mined out areas, 

encroachments and slums, reducing the 

level of air and noise pollution should 

constitute the prime responsibility of 

the mining industry. They have an 

obligation to do all these, individually 

and collectively, and monitor the 

results of their efforts at regular 

interval. 

iv. Increased backfilling of voids created 

by opencast mining, banning dumping 

of overburden on hill slopes, systematic 

revegetation of dumps, use of geo-

textiles and hydro-seeding for 

protection of environment, 

reforestation of mined out areas 

through Joint Forest Mangement 

System (JFMC) were emphasized. 

 

10. SGAT had suggested for taking up an 

integrated EIA study including carrying 

capacity of the region.  It transpires that 

this job is being undertaken by NEERI on 

an assignment given by MoEF. 

 

Carrying capacity of a region should not be 

fixed arbitrarily. Goa is a good example as 

also Odisha in 2014-15. 

 

MoEF is all set to make substantial 

overhaul of forest and environmental 

regulations including the contentious 

public hearing. 

 

It may be noted that while the Forest 

(Conservation) Act, Environment 

(Protection) Act and other statutory Acts 

and Rules are brief, specific guidelines and 

Executive orders run to more than hundred 

pages, It would be in order if all guidelines 

and Executive orders are consolidated and 

available in one volume for 

comprehension and ease of reference. 

 

11. Promotion of Sports, Recreation and 

Cultural Activities 

Following sporting activities and facilities to be 

promoted and developed in the area have been 

identified. 

a) Archery 

b) Football 

c) Hockey with Astro-turf 

d) Swimming 

e) Athletics 

f) Mini Stadium 

 

The area should have 2-3 Convention halls with 

modern audio visual facilities. Tribal culture, 

traditions and rituals should be respected and 

promoted. It would be of benefit if OTDC sets 

up medium tariff hotels at Joda/ Barbil and 

Koira. 

 

12. Establishment of an Integrated Mega 

Steel Plant 

It is strongly recommended for establishment of 

a mega iron and steel plant in Keonjhar district. 

The proposal is amply justified considering 

availability of land, water, infrastructure and 

most of all abundant resources of iron and 

manganese ores. 

 

13. Establishment of an Agriculture 

University 

SGAT fully endorses the recommendation of 

Prof (Dr) G.K. Pradhan for establishment of an 

Agriculture University in Keonjhar district. 

 

14. With a view to providing productive and 

remunerative vocations, the mining 

industry should assist the locals to 

establish automobile, TV and mobile 

phone repair shops, tailoring shops, 

promote poultry, goatery, diary, 

pisciculture, nursery fruit and vegetable 

growing. SME units and SHGs should be 

encouraged. 

 

15. Farming and cultivation in the area have 

suffered quite a lot, as the persons who 

normally work in the field are lured to earn 

easy money elsewhere.  This trend needs 

to be reversed. 

 

16. Youths of the area idling without 

employment are being encouraged by way 
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of doles by interested parties.  This is a 

dangerous trend and should be prevented. 

 

17. CSR 

Record of the mining industry of the area in 

regard to CSR cannot be said to be satisfactory. 

Distinction must be made between public 

relations, philanthropy and CSR. CSR has a 

symbiotic relationship with the environment in 

which a corporation operates. It creates lasting 

value to the community and goes beyond 

routine philanthropy. Some of the essential and 

immediate developmental needs of the area and 

of the community have been outlined.  The 

mine owners should voluntarily take up all such 

projects, so that the widening trust gap between 

the mine owners and the local community is 

reduced. Thus the mining industry should not 

confine themselves to exploitation of the 

mineral reserves, compliance of statutory 

provisions and optimize their profit margin. 

They should look beyond. The industry should 

strive to involve the local communities in the 

mining operations and share the benefit with 

them. 

 

Having said so, it is not as if the mining industry 

has not taken CSR initiatives worthy of note.  

The industry has done quite a lot. These were 

mentioned in the Background paper and in the 

Workshop volume too. It is suggested that these 

should be publicised and made known to the 

Government, civil society the NGOs, 

Panchayats and all other stakeholders. 

 

18. District Mineral Foundation (DMF) 

 

An important provision of the MMDR 

Amendment Act, 2015 is the creation of District 

Mineral Foundation.  Contribution to DMF has 

been made mandatory under Sec 9B of the Act 

which provides that  

a) Contribution by Lessees granted leases 

on and after commencement of the Act 

would be at a rate not exceeding one third 

of royalty  

b) Holders of leases granted prior to 

enactment of the amended Act will be 

required to contribute to the DMF at a 

rate not exceeding the amount of royalty. 

 

Besides royalty, a lessee is required to incur an 

expenditure of 2% of profit as part of CSR, as 

per provisions of Companies Act, and to pay 

2% of royalty to the National Exploration Trust 

Fund, hefty amount as NPV (in case of forest 

land). As it is, the mining industry of India is 

highly taxed. 

 

It was opined that while the provision of 

contribution to DMF is a welcome step, the rate 

prescribed is rather high. Besides, the following 

facts should be taken note of.  

 

i) The current annual royalty contribution 

of Joda & Koira mining circles are Rs. 

2,200 Cr and Rs. 723 cr respectively. 

With opening of the closed mines and 

consequent increase in production, 

royalty earning will increase. Besides, 

the possibility of increase in royalty rates 

is always there. 

ii) Contribution to DMF by mines operating 

in BJK area will be of the order of Rs. 

3000 cr. year after year that too 

increasing annually. A situation of 

saturation will be reached as after a few 

years, no development projects will be 

available for execution.   

iii) Success of proper utilizstion of money 

contributed to DMF will depend on 

competent management backed by high 

calibre administrative mechanism. It is 

hoped this becomes a reality. 

While the concept of DMF is laudable, a re-

thinking about the rates is called for. 

 

19. Impact of Notification of the Ministry of 

Mines classifying 31 Major Minerals as 

Minor Minerals 

 

The list includes Graphite and China clay which 

have to be beneficiated for commercial use. The 

list also includes Dolomite, a mineral used in 

making of iron and steel and ferro-alloys. While 

fixing lease period, these aspects should be 

taken into account. 

 

As the entire system of grant, scrutiny and 

approval of mining plans, environment 

clearance for all these additional 31 minerals is 

the responsibility of the State Govt., the 

administrative set up has to be substantially 

strengthened.  Utmost care has to be taken 

while framing the rules under the new 

dispensation. SGAT suggests involvement of 

experts, IBM, SPCB, MoEF and the industry 

for the purpose. 
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Finally, it is aimed to make Barbil-Joda-

Koira area a model, developed and vibrant 

mining complex of the country. For this 

purpose, SGAT’s earlier recommendations 

for constituting a High Power Development 

Authority needs to be reiterated. The 

Development Authority may be headed by 

the RDC and should have the representatives 

of all the Stakeholders as members. It is 

desirable that a world class planner is 

assigned the job of preparing a Master Plan 

for development of BJK mining area. 

Selection of the Planner can be done by 

inviting global tender. 
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 SGAT NEWS 

 

 International Seminar “MINEXPRO 2014” 

was organised at Bhubaneswar during 5-7 

December 2014. Hon’ble Sri Prafulla Kumar 

Mallik, Minister for Steel & Mines; Justice 

Shri Anang Kumar Patnaik, former Justice 

of Hon’ble Supreme Court and Sri Rajeev 

Singhal, Vice-President Tata Steel were the 

Guests during the Inaugural session. Twenty 

four papers were presented in four technical 

sessions, which were on Mineral 

Exploration Techniques; Design of Mines, 

Mine Closure and Reclamation; Mineral 

Resources and Processing; and Statutory, 

Legislative & Community Welfare. Authors 

of technical papers represented ISM, 

Dhanbad; University of Engineering, 

Kothagudem; Directorate of Geology, 

Odisha; Tata Steel; Essar Steel-India; 

Trimex; Sesa Sterlite; IMMT, Bhubaneswar; 

NMDC Ltd; SPCB, Bhubaneswar; FIMI; 

Essel Mining & Industries; OMDC etc. 

Besides, retired Officers of Geological 

Survey of India and legal professionals also 

participated in paper presentation. Shri B K 

Mohanty, Dr S K Wadhawan, Shri Sanjay 

Patnaik, Dr. M.M. Mukherjee, Chairpersons 

of the Technical Sessions, Dr S.K. Sarangi, 

and Shri S.K. Mohanty graced the 

valedictory session. Prof Omkar Nath 

Mohanty, Vice-President, SGAT delivered 

the valedictory address. 

 Thirty fourth Annual General Body Meeting 

of SGAT was held on 7th December 2014. 

Followed by welcome address by the Vice-

President proceedings for 33rd AGM were 

confirmed. Annual report and yearly audited 

accounts were presented by General 

Secretary and Treasurer respectively. 

Resolutions were drawn after discussion and 

deliberation by the members. K S Mahapatra 

Memorial lecture was delivered by Sri Arun 

Kumar Mishra, Tata Steel. During award 

giving ceremony, SGAT Award of 

Excellence was conferred on Prof. Dr. 

Bhabesh Chandra Sarkar, Professor, 

Department of Applied Geology, ISM, 

Dhanbad. Sri U K Mohanty, former Chief 

General Manager, CMPDIL and Prof. K C 

Sahu, former Professor of Applied Geology, 

IIT, Mumbai received SGAT Life Time 

Achievement Awards. Dr Debi Prasad 

Tripathy, Professor & former Head, 

Department of Mining Engineering, NIT, 

Rourkela was awarded with Smt. Veena 

Roonwal Memorial Award. 

 The 26th State Level Environment-cum-

Mineral Awareness Programme (EMAP) 

was held on 9th and 10th January 2015 at 

Bhubaneswar. The programme at 

Bhubaneswar comprised visits to Regional 

Museum of Natural History, Regional 

Science Centre and Pre-historic Life Park, 

Bhubaneswar Meteorological Station and 

Regional Plant Resource Centre and 

identification of rock, mineral, plant 

specimens and photographs, written test, 

elocution and oral quiz. The students and 

their teachers were also shown a film on 

Similpal Tiger Reserve. This programme 

was sponsored by OMC Ltd and supported 

by MGM Group, M/s Patnaik Minerals and 

M/s K C Pradhan. The concluding session 

was graced by Dr. P K Mishra, former 

Secretary to Govt. of India, Ministry of Coal 

and Ms. Deepika Kumari, an youth icon of 

the country, No. 1 female Archer of India, 

recipient of Arjuna Award and Gold 

Medalist in the Delhi Commonwealth 

Games.  

 A Press Meet was organized on 20th January 

2015 at Hotel Swosti, Bhubaneswar in 

which the new Mines and Minerals 

(Development & Regulation) Amendment 

Ordinance, 2015 was discussed. Issues on 

insertion of Fourth Schedule containing 

notified minerals, Prospecting License-cum-

Mining Lease, Special court, period of 

mining lease to be 50 years, auction of lease 

area after expiry of lease period, creation of 

District Mineral Foundation, creation of 

National Mineral Exploration Trust, 

ineligibility of all applications received prior 

to the date of commencement of the 

Ordinance etc. were deliberated. SGAT’s 

suggestions arising out of the Ordinance 

were submitted in the meet. 

 The International Earth Science Olympiad, 

2015 was conducted by SGAT in its own 

building on 15 February, 2015. Twenty 

students representing various English 

medium schools in Odisha participated in 

the test. SGAT team led by Sri B K 
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Mohanty, Advisor organized the Olympiad. 

The answer sheets and all other relevant 

documents were sent to Geological Society 

of India to facilitate publication of results. 

 Utkal Divas, 2015 was celebrated in SGAT 

Building on 1st April 2015 in which Dr Rajat 

Kar was the Chief Guest. Dr Kar, during his 

address, appealed the audience for 

protection of language, culture and self-

esteem of Odisha and its people. He 

emphasized on following the foot prints of 

the legendary Odiya personalities for greater 

interest of the state. 

 Shri Prafulla Kumar Mallik, Hon’ble 

Minister, Steel & Mines, Labour & 

Employees State Insurance visited SGAT 

building on 18th April, 2015. Dr. S. K. 

Sarangi, President, SGAT welcomed the 

Minister on his first visit to SGAT building. 

Shri B.K. Mohanty, Adviser, SGAT in his 

presentation “Mineral Development 

Priorities of Odisha: Challenges & 

Constraints” submitted an account of the 

different activities of SGAT, present state of 

mineral development, the role of Steel & 

Mines Department and its two Directorates, 

the areas of concern and possible remedial 

measures. Shri B.S. Pani made a 

presentation on “Conserving Odisha’s 

Mineral Resources” and highlighted the 

need and ways of conservation and stressed 

on optimal use of mineral resources. He also 

advocated creation of a platform for 

globalized mineral sourcing. Dr. Omkar 

Nath Mohanty, Vice-President, SGAT drew 

attention of the Hon’ble Minister for 

attaching stress on incorporation of courses 

on Mineral Processing technology in the 

educational institutions of the state so as to 

reap the benefit in mining sector in the years 

to come. In response, Hon’ble Minister 

appreciated SGAT’s activities and assured 

to follow the suggestions made by SGAT for 

greater interest of the mining sector and the 

economy of the state. 

 The one day Workshop on “Action Plan for 

Development of Barbil-Joda-Koira Mining 

Area” was held on 3rd May, 2015 at EZMA 

building, Barbil. As many as 77 delegates 

from various organizations like Directorate 

of Geology, Directorate of Mines, Odisha 

Mining Corporation, Essel Mining 

Industries, Tata Steel, Rungta Mines, 

Thriveni Earth Movers etc. participated in 

the workshop. The progress of action on 

recommendations made after the Seminar on 

“Approach and Strategy for Integrated 

Development of Joda-Barbil-Koira” held on 

23 and 24 September 2011 were reviewed 

and new suggestions were recorded. The 

workshop was organized by SGAT and 

sponsored by EZMA. 

 Prof. Stephen Fityus, Professor, School of 

Engineering, The University of New Castle, 

Australia delivered a lecture on "Pit Coal 

Mining" on 06.05.15 at 6 PM. in the 

Conference Hall of SGAT, Bhubaneswar. 

During his address Prof. Fityus explained 

the role of geomechanics and geotechnical 

engineering involved in slope stability of the 

mine dumps and the Australian practices and 

examples. Member participants interacted 

with Prof. Fityus on various issues relating 

to slope stability. 

 

 SGAT ANNOUNCEMENTS 

 

 Workshop on DGPS Survey and its 

Applications (22nd Aug 2015): Keeping in 

view the significant edge of DGPS Survey 

over previous methods of survey and 

increasing trend of application of this new 

technology along with GIS and making 

this survey mandatory by certain statutory 

Government bodies, SGAT is organizing 

an one day workshop on DGPS Survey and 

its Applications on 22nd August, 2015 at 

SGAT Conference Hall, Bhubaneswar. 

 

All are requested to contact T Mohanta, 

Treasurer and Convenor of the workshop, 

Society of Geoscientists and Allied 

Technologists, Plot No. ND-12 (Part), VIP 

Area, P.O. IRC Village, Bhubaneswar-

751015 (Tel: +91 9437556251, Email: 

info@sgat.in) for further details.  

 

 International Seminar MINEXPRO 

2015 (11-13 December 2015): SGAT is 

going to organize the International 

Seminar MINEXPRO 2015 at Hotel 

Crown, Bhubaneswar from 11th to 13th 

December, 2015. 
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All are requested to contact S K Mohanty, 

General Secretary (I/c) and Convenor of 

the seminar, Society of Geoscientists and 

allied Technologists, Plot No. ND-12 

(Part), VIP Area, P.O. IRC Village, 

Bhubaneswar-751015 (Tel: +91 

9777452197, Email: info@sgat.in) for 

further details. 

 

 SGAT AWARDS 
 

 Invitation for Nominations for SGAT 

Awards:Nominations are invited from the 

members, institutions and other scientific 

bodies for selection of the candidates for 

the following awards to be conferred by 

Society of Geoscientists & Allied 

Technologists (SGAT), Bhubaneswar, 

Odisha during its Annual General Body 

Meeting scheduled to be held on 13th 

December, 2015. The nominations in 

prescribed format (Annexure) may please 

be sent to the General Secretary, SGAT, 

Plot No. ND-12 (Part), VIP Area, P.O. IRC 

Village, Bhubaneswar – 751015 latest by 

15th October, 2015. Selection of awardees 

will be done by a panel of experts of 

repute. Self-nomination is also acceptable. 

Persons awarded in the past should not be 

nominated for the same award. 

1. SGAT Award of Excellence 

Selection Criteria: Any person 

(member or non-member of SGAT), 

who has made outstanding 

contributions in the field of 

geosciences, mining, metallurgical & 

mineral process engineering, mineral 

beneficiation, environmental 

management in mines or whose work 

has helped in upgrading the quality of 

the life in mining environment or 

whose work has led to significant 

development of mineral resources of a 

region, state or country shall be eligible 

for the award. 

 

2. SGAT Lifetime Achievement Award 

Selection Criteria: Any person 

(preferably a member of SGAT for 10 

years and professionally working in 

one or more of the fields of Geology, 

exploration, Mining, Mineral 

Processing, Metallurgy, Mineral based 

Industries and Environment and 

rendered services for enhancement of 

knowledge and socio-economic 

development. He must be respected by 

the Society with high reputation & 

achievements. He should have 

sufficient publication and merit in his 

field of activities. 

3. Sitaram Rungta Memorial Award 

Selection Criteria: Any person 

(member or non-member of SGAT), 

who has made significant contributions 

in mineral exploration, planning and/ or 

mineral beneficiation involving 

utilization of mine waste/ sub-grade 

ores and minerals will be eligible for 

the award. 

4. H. H. Read Memorial Gold Medal 

Award 

Selection Criteria: Any person 

(member or non-member of SGAT), 

who has done outstanding work on 

petrology of granites/ magmatic rocks 

including petrography will be eligible 

for the award. 

5. B. C. Patnaik Memorial Award 

Selection Criteria: Any person 

(member or non-member of SGAT) 

with age at or below 40 years, having at 

least 10 years of commendable 

professional experience in the field of 

mineral exploration in any mineral 

commodity (new mineral discovery/ 

augmentation of existing mineral 

resource) and credited with at least 

three publications in geoscientific 

journals of national/ international 

repute will be eligible for the award. 
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Guests on Dais during the Inaugural Session of 

MINEXPRO 2014 

  

Delegates of MINEXPRO 2014 

   

 

Cultural Evening during MINEXPRO 2014 

  

Prof O. N. Mohanty delivering valedictory 

speech in MINEXPRO 2014 

   

 

Student participants and teachers at 

Regional Museum of Natural History 

during State Level EMAP 2015 

  

Written Test of student participants during State 

Level EMAP 2015 
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Identification of Rock and Mineral Samples by 

participating student during 

State Level EMAP 2015 

 

  

Identification of Plant Specimen by participating 

student during 

State Level EMAP 2015 

   

 

Evaluation of Scores on the Dais during 

State Level EMAP 2015 

 

  

Guests on the Dais during Valedictory of 

State Level EMAP 2015 

 

   

 

Manas Mohapatra explaining MMDR 

Amendment Ordinance during Press Meet at 

Hotel Swosti on 20 Jan 2015 

  

Media Persons in the Audience during Press 

Meet at Hotel Swosti on 20 Jan 2015 
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B K Mohanty, Advisor,SGAT 

briefing Media Persons during 

Press Meet at HolelSwosti 

  

Shri Prafulla Kumar Mallik 

Hon’ble Minister 

among SGAT Members on 18.04.2015 

   

 

Hon’ble Minister, Steel & Mines interacting with 

SGAT members on 18.04.2015 

  

Hon’ble Minister, Steel & Mines being felicitated 

after the Meet on 18.04.2015 

   

 

Prof Stephen Fityus of The University of New 

Castle, Australia delivering a talk 

in the Conference Hall of SGAT 

  

Prof Stephen Fityus being felicitated 

by SGAT 

 

 



 

 

SGAT BULLETIN VOL.16, NO.1, JUNE 2015 

89 

 NEWS ABOUT MEMBERS  

 

 Prof. Bhabesh C. Sarkar, Professor, 

Department of Applied Geology, 

Indian School of Mines was awarded 

with “MEAI Master Tanay Chadha 

Memorial Geologist Award 2014” in 

the field of Mineral Exploration and 

“SGAT Award of Excellence 2014” 

for contributions to the field of 

Geostatistics. 

 

 Dr. M K Somani, IBM was promoted 

to the post of Regional Mining 

Geologist with effect from 18.12.2014 

and transferred to Nagpur.  

 

 Dr. Shailendra Kumar Tamotia has 

been conferred with the Award and 

Fellowships i.e. Best Professional for 

the Year 2013-14 by Utkal Chamber of 

Commerce and Industry, Honoris 

Causa Fellow by National HRD 

Network, Hyderabad and Hon. Fellow 

by Indian Institute of Chemical 

Engineers, Kolkata. 

 

 Prashant Laharia has completed the 

“PGPWE 2013-15”, a Management 

course from Indian Institute of 

Management, Raipur (IIM-R). Board 

of Governor has conferred the award 

in graceful presence of Hon'ble 

President of India, Shri Pranab 

Mukherjee on 17th April 2015. 

 

 Dr Sudhir Kumar Srivastava joined as 

Scientist- 'D' (Sr. Chemist) at Central 

Ground Water Board on 15th 

December 2014. 

 

 On invitation Prof.  Madhab C. Dash 

worked as a Temporary visiting 

Professor from 1st January 2015 to 31 

May 2015 in the School of Biological 

Sciences under NISER (National 

Institute of Science Education and 

Research), Bhubaneswar. 

 

 Dr. Alok Kumar Mohapatra, Manager 

(Geology & Environment) has been 

appointed as TA of Chief Executive 

Officer, Bisra Stone Lime Co Ltd. 

Birmitrapur. 

 

 Chandra Mohan Satpathy attended 

Google Next Seminar at Manhattan 

centre, New York, USA during 2nd 

week of June’15. 

 

 Mr U K Mohanty received “SGAT 

Lifetime Achievement Award-2014” 

on 7.12.2014. 

 

 Prof. H.K.Sahoo, Department of 

Geology, Utkal University, Vani 

Vihar, has been selected for the 

prestigious UGC Emeritus Fellowship 

for year 2015-17 and joined as 

Professor of Geology (Emeritus) on 

01.02.2015 in the Department of 

Geology, Utkal University, Vani 

Vihar, Bhubaneswar to work on 

"Delineation of fresh groundwater 

zones in coastal districts of 

Jagatsinghpur and Puri". 

 

 Dr. Purna Chanadra Rath has been 

elected Chairman of the Indian 

Institute of Metals, Bhubaneswar 

Chapter for 2015-2016 in its Annual 

General Body Meeting held on 

19.06.2015. 

 

 Dr. Akshaya Kumar Sarangi, General 

Manager (Corporate Planning), 

Uranium Corporation of India Ltd has 

been awarded with National 

Geoscience Award – 2013 in the field 

of Sustainable Mineral Development. 

The award has been bestowed upon Dr 

Sarangi by the Honourable President 

of India on 6th April 2015 at 

Rashtrapati Bhavan. 
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NEW MEMBERS 

 

803 Dr Sudesh Kumar Wadhawan 

Director General (Retd.), GSI 

D-159, Malviya Nagar 

JAIPUR - 302017 

Rajasthan, India 

 

Tel: +91 141 2553509 

+91 9414047138 (M) 

 

Email: 

wadhawansk.leo@gmail.com 

 

804 Dr Sanjay Kumar Palei 

Assistant Professor 

Department of Mining Engineering 

Indian Institute of Technology (BHU) 

Varanasi-221005 

 

Tel: +91 542 6702384 (O) 

+91 9415385467 (M) 

Email: sanjay_palei@rediffmail.com 

 

805 Shuvrendu Roy Choudhury 

Associate GM (Geology) 

Sesa Sterlite Limited 

(Formerly Vedanta Aluminium 

Limited) 

P.O. Lanjigarh 

Via: Bishwanathpur 

Dist. Kalahandi, Odisha 

PIN: 766027 

  

 

 

mailto:wadhawansk.leo@gmail.com
mailto:sanjay_palei@rediffmail.com
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OBITUARY 

 

PRATAP KUMAR RATH 

(23.06.1937 to 11.03.2015) 

 

Society of Geoscientists And Allied Technologists deeply mourn the sad demise of Sri Pratap 

Kumar Rath one of its esteemed members who left for heavenly abode on 11th March 2015. 

SGAT conveys its deep sorrows and condolences to his bereaved family and pray The Almighty 

God to bestow enough courage to his family members to withstand this irreparable loss. Sri 

Rath born on 23rd June 1937 pursued his higher studies in Khallikote College and Ravenshaw 

College. On completion of his Post Graduate studies in Geology he joined the Department of 

Mining and Geology (now Steel and Mines), Govt. of Odisha. On completion of his 

commendable services both in the field and office he retired on superannuation as Joint Director 

of Mines. With his positive approach and pleasing personalities he was praised by peoples. In 

addition to his Professional acumen he had also the distinct achievement as a Dramatist and 

Cinema Artist. He was a man with strong determination and achieved overall growth in his life. 

We pray God to rest his soul in peace. 

 

MEMBERS OF SGAT 
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OBITUARY 

 

 
 

MAHENDRA KUMAR PUJARI 

(1941-2015) 

 

Born on 10 January 1941 at Sambalpur, M K Pujari after completing his undergraduate studies 

acquired degree in mining engineering from Benaras Hindu University in 1962. He was an 

outstanding mining engineer and his caliber came to limelight during his tenure with Hyderabad 

Asbestos Cement Products Ltd. His glorious carrier started when he joined FACOR in 1980. 

He continued to serve the company for 35 long years as General Manager, Chief General 

Manager and finally as Consultant. He is credited with designing and operating the first highly 

mechanized underground chromite mine at Baula and Kathpal and first chrome ore 

beneficiation plant at Baula Chromite mine. These were milestones in underground metal mines 

and ore beneficiation in the country. M K Pujari had bagged a number Safety Awards, 

Pakrutimitra Awards and Life Time Achievement Award. Pujari, besides being a brilliant 

mining engineer, was a distinguished speaker. During his service carrier he took a lot of 

initiatives in adopting state of art environment management practices in mining operations. I 

had known him personally for many years during his service tenure with FACOR and he stood 

out as one among many for his innovative approach in beneficiation of low grade chrome ore 

containing as low as 11% chromic oxide, designing and operating an underground mine at 

Baula, the first such in the chromite mining field in Odisha. 

 

He was associated with Satyananda Yoga Ashram and was a disciple of Swami Satyananda and 

Niranjan Saraswati. Pujari was an active member of SGAT and contributed substantially to the 

deliberations and events organised by SGAT over the years. He passed away on 6th June 2015 

at Bhubaneswar. His demise was a great loss to the community of mining engineers and SGAT 

family. SGAT pays respectful homage to the demised soul and conveys deep condolences to 

the members of bereaved family. 

 

 

B K Mohanty 

Advisor, SGAT 
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OBITUARY 

 

 
 

MANMATH NATH SATPATHY 

(1937-2015) 

 

Born on 3 April 1937 at Kharswan Garh in an orthodox Brahmin family, Manmath Nath had 

his education at Kharswan High School, G M College and Ravenshaw College. He had to 

struggle to meet his educational expenses and took private tuition for this purpose. He studied 

Geology in Ravenshaw College at Post Graduate level. Even at that stage, Manmat Nath was 

hard put to arrange his boarding and lodging. He served as an Asst. Teacher in Ranihat High 

School for a short period. After he passed M. Sc. in Geology, he joined GSI as a field trainee. 

He joined Department of Mining & Geology as a Geologist in the year 1960. He continued to 

serve the Department of Mining and Geology of the State Govt. and rose to the position of Joint 

Director, Geology. He had several field assignments which he completed with distinction. 

Manmath Nath is by nature a very amiable human being. He was an active member of SGAT 

and participated in a number of events organised by the Society. He passed away on 13.06.2015 

after a brief illness. He leaves behind his wife, three daughters and a son. 

SGAT family deeply mourns the demise of Manmath Nath and pray God that his soul rests in 

peace.  

 

 

B K Mohanty 

Advisor, SGAT 
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 SUBMISSION OF PAPERS FOR SGAT 

BULLETIN  

(Instruction to Authors) 
 

Research papers, review articles, short 

communications, announcements and 

letters to editors are invited on topics like 

geosciences, mineral exploration, mining, 

materials science, metallurgy, mineral 

industry and trade, mineral economics, 

environment, education, research and 

development, legislation and infrastructure 

related to mining, mineral policy and 

mineral development planning.  

 

Submission of manuscript implies that the 

same is original, unpublished and is not 

being considered for publication elsewhere. 

Two copies, complete in all respect (with 

copies of figures and tables) are required to 

be submitted. Originals of figures and 

tables should be enclosed separately. Each 

manuscript must accompany a soft copy of 

the entire material prepared in Microsoft 

Word. The figures, if any, may be 

submitted in JPEG/ TIFF/ BMP format. 

Both the text files and figures may be 

written on a CD/DVD and should be 

submitted with the manuscript. The copies 

of manuscripts, strictly in accordance with 

the instructions to authors given below may 

be sent to the editor of the bulletin.  

 

Journal Format: A-4 size 

Language:  English 

Manuscripts:  Manuscripts should be 

typed in double spacing with wide margins 

in one side of A-4 size paper either by 

electronic typewriter or computer (size 12 

point Times New Roman font). The title 

page should include the title of the paper, 

name(s) of author(s) and affiliation(s). The 

title should be as brief as possible. An 

informative abstract of not more than 500 

words to be included in the beginning. Not 

more than 5 key words are to be listed at the 

end of the abstract. Text of research papers 

and review articles should not exceed 4000 

words. The short communication is for 

quick publication and should not exceed 

1200 words. 

Headings: Different headings should be in 

the following format. 

(a) Title: Centrally aligned, bold, capital 

(b) Author(s): Centrally aligned, short 

name, bold, first letter of all words 

capital followed by communication 

address (Not Bold, Italic) 

(c) Abstract: Justified alignment, italic, 

bold heading 

(d) Key words: Justified alignment 

(e) Primary heading: Left aligned, bold, 

capital 

(f) Secondary heading: Left aligned, first 

letter of each word capital 

(g) Tertiary heading: Left aligned, first 

letter of first word capital 

(h) Acknowledgements: Left aligned, bold, 

first letter capital 

(i) References: Left aligned, bold, first 

letter capital 

(j)  Figure Caption: Centrally aligned, first 

letter of first word capital, below the 

figure 

(k) Table Caption: Centrally aligned, first 

letter of first word capital, at the top of 

the table  

 

Illustrations: All illustrations should be 

numbered consecutively and referred to in 

the text. They should confirm to A-4 size 

and carry short captions. Lettering inside 

figure should be large enough to 

accommodate up to 50% reduction. One set 

of hard copy of all figures (either tracing in 

ink or laser prints) should be provided in a 

separate envelope marked “Original 

Figures”. Photographs should be of good 

quality with excellent contrast, printed on 

glossy paper. Colour photos are acceptable, 

provided the author(s) bear the cost of 

reproduction. Figure captions should be 

provided on separate sheet.  

 

Tables: Each table must be provided with a 

brief caption and must be numbered in the 

order in which they appear in the text. Table 

should be organised within A-4 size and 

should be neatly typed for direct 

reproduction. Tables will not be typeset by 

the printer, so their clarity and appearance 

in print should be taken into account while 

the author(s) prepare(s) them. Use of 10 
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points Times New Roman/Arial Font for 

table is recommended. 

References :  

 

(a)    References in the text should be with 

the name of the author(s) followed by 

the year   of publication in parenthesis, 

i.e. Patnaik (1996); Patnaik & Mishra 

(2002); Nayak et al. (2001) 

 

(b)  Reference list at the end of the 

manuscript should be in alphabetical 

order, in the following format: Sehgal, 

R.K. and Nanda, A.C. (2002) 

Paleoenvironment and paleoecology 

of the lower and middle Siwalik sub-

groups of a part of North-western 

Himalayas. Jr. Geol. Soc. Ind, vol. 59, 

pp. 517-529 

 

(c) Articles from the books should follow 

the format given below:  

 

Windley, B.F. and Razakamanana, T. 

(1996) The Madagascar – India 

connection in a Gondwana 

framework. (In Santosh, M. and 

Yoshida, M.  Eds.) 

 

The Archaean and Proterozoic 

terrains of South India within East 

Gondwana. Gond. Res. Group Mem. 

No.3, Field Sci. Publ., OSAKA, pp. 

25-37 

(d) Books should be referred to as: 

Sengupta, S.M. (1994) Introduction to 

sedimentology. Oxford and IBH Publ. 

Co. Pvt. Ltd., New Delhi, 314 pp. 

 

Submission of manuscript  
 

Manuscripts strictly confirming to the 

above format should be mailed directly to 

Editor in his mailing address available in 

the bulletin. Manuscripts not confirming to 

the format of the journal will be returned. 

 

All the manuscripts confirming to the 

standard format of the bulletin will be 

reviewed by specialist referees before 

publication. 

 

Page proofs: One set of page proofs will be 

sent to the corresponding author, to be 
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