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CLEARANCE, A POWERFUL TOOL IN OPTIMIZING THE VOLUME OF
RADIOACTIVE WASTES
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Belgoprocess NV, Gravenstraat 73
2480 Dessel, Belgium

Abstract

In the framework of its activities in decommissioning nuclear installations,
Belgoprocess applies the clearance practice in optimizing the volume of radioactive wastes. The applied
clearance methodology is discussed with special emphasis to different types of materials and to the
associated measurements. Four practical cases are elaborated, dealing with the decommissioning and
decontamination of two small buildings up to green field conditions, the unconditional release of large
quantities of slightly contaminated active carbon, the melting and clearance of stainless steel fuel racks
and of aluminium heat exchangers. The attention is drawn on practical problems associated with
sampling and measurement strategies, in relation to the proposed low limits for unconditional release.

1. INTRODUCTION

In Belgium, Belgoprocess can be considered as a pioneer in
decommissioning and in the application of the clearance principle on an industrial scale. A pilot
decommissioning project was executed from 1988 till 1991, including the dismantling and
removal from the controlled area of two buildings of the former Eurochemic reprocessing
plant. The project demonstrated, among others, the feasibility of decontaminating components
and concrete structures up to very strict unconditional release levels. The first steps towards
the practical application of unconditional release were difficult, however, as it was required to
convince the authorities of the application of the unconditional release practice as such. The
absence of any Belgian (nuclear) regulation for unlimited reuse or uncontrolled dumping of
suspected and/or decontaminated materials, in combination to the absence of internationally
accepted unconditional release limits at that time, resulted in a policy of minimization instead
of optimization.

On a step-by-step or case-by-case basis, we finally succeeded in the
removal from the controlled area of storage vessels and debris from the demolition of the
buildings involved. Since then, unconditional release or clearance can be considered as a
routine practice, and a lot of effort has been put in optimizing related decommissioning and
decontamination methods and techniques. On an annual basis several hundreds of tons of
decontaminated materials are disposed of by application of the clearance principle.

On a cost-to-benefit basis, clearance definitely is the adequate method to
optimize the volume of radioactive wastes, considering unconditional release limits do not tend
towards minimization. The derivation of unconditional release limits should include equity
principles concerning risks, non-nuclear activities and excluded practices. Minimization in this
case would result in excessive investments in decontamination activities and measurement
techniques. Moreover, measurements at the level of detection limits of available industrial
equipment would only yield biased results.
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In this paper, application of the clearance principle is demonstrated for
four typical cases, with special emphasis to the methodology of decontamination, sampling,
analysis and interpretation.

2. CLEARANCE METHODOLOGY

Initially, clearance at Belgoprocess was based on monitoring of surface
contamination only. The method consists of two successive measurements of the complete
(100 %) surface of the submitted material. Measurements are performed independently by two
radiation protection officers. Specially assigned measuring instruments are used. As long as the
material is on-site, an independent radiation protection control organization has the
opportunity to make supplementary checks. For materials that have been decontaminated, a
delay period of three months is foreseen between the two measurements.

As decommissioning proceeded, a need existed to extend the available
procedure to other types of measurements, and hence, to adapt the procedure to other
geometrical material forms as well. A study of the types of materials present in the installations
finally resulted in four "clearance types", i.e., surface contamination measurements, bulk type
material measurements (e.g. active carbon in drums), measurement of materials stored in
drums and materials that can be homogenized. For each type, a chronological sampling and
measurement methodology was elaborated, independent of the unconditional release limits.
Almost all "clearance types" involve a combination of surface contamination measurements
and specific activity measurements. As a result of many years of experience, it is the aim to
reduce the second monitoring for surface contamination to about 10 % of the material to be
screened. Indeed, the amounts of material that was found to be contaminated above the
unconditional release levels during the second measurement, were only fractions of a percent
of the total amount of material submitted. Moreover, in almost all these cases, the detected
activity levels were only slightly above the limits.

In addition, a similar scenario was developed, considering also the non-
nuclear aspects associated with the removal of materials from the site. In this scenario,
reference is made to potential destinations of the material involved.

Important in the evaluation phase, and especially prior to
decommissioning, are the historical data related to the installations and materials involved. All
available information should be gathered and thoroughly studied, since it may reveal evidence
on previous contamination and/or decontamination of installations or structures, on changes in
equipment or modifications of structural components, and on types of decontamination
techniques used (e.g. high pressure water cleaning or "dry" cleaning), and this throughout the
lifetime of the installations.

The complete methodology has been discussed with the independent
radiation protection control organization and with the authorities. So far, however,
unconditional release practices are still based on a case-by-case approach, which implies that
the authorities (and/or the independent radiation protection control organisation) have to be
consulted for each new type of material subjected to release. When releasing a certain type of
material for the first time, the practice and used release levels have to be documented and to be
justified considering the destination of the material. At present, unconditional release levels are
used as mentioned in official IAEA, EC or OECD publications. Large discrepancies, however,
can be found between these various publications.
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3. CASE 1, THE DECOMMISSIONING OF BUILDINGS 6A AND 6B
(EUROCHEMIQ

Two small buildings 6A/6B of the former Eurochemic reprocessing plant
have been decommissioned as a first large scale application of decommissioning and clearance
in Belgium. The buildings were used to store uranyl nitrate and plutonium dioxide, end
products of the reprocessing activities. Spent solvents were stored in these buildings as well.
The decommissioning was set up as a pilot project in order to demonstrate the feasibility of the
decommissioning of nuclear installations. Special attention was put on decontamination and
clearance.

The two buildings comprised a total volume of 3,300 m3 with 5,000 m2

concrete surface area, 47 tons of metal components and 950 m3 of concrete. The average
surface contamination was of the order of a few Bq/cm2, with spots up to 100 Bq/cm2 for both
alpha and beta emitters. Dose rates varied between 300 and 500 microsievert/h.

All process equipment has been removed and floors, walls and ceilings
have been decontaminated to background levels. Decontamination of metals was carried out
using chemical methods, cutting and grinding, whereas concrete was decontaminated using
scabbling and pneumatic hammering. Storage vessels, showing rather high alpha and beta
contamination, have been decontaminated to unconditional release levels of 0.04 Bq/cm2 for
alpha and 0.4 Bq/cm2 for beta emitters. De-restriction of materials from the controlled area
was carried out by the in-house health physics department, and was confirmed by an
independent radiation protection control organization. The clearance procedure included:

- two successive measurements of the complete (100 %) surface;
- random control measurements by an independent radiation protection control organisation;
- taking core samples and qualitative and quantitative sample analysis;
- specific activity limit set at 1 Bq/g (beta gamma) for 1,000 kg with a maximum of 10 Bq/g;
- destructive analysis of core samples showing the highest radioactivity levels.

Measurements were performed independently by two radiation protection
officers. Specially assigned measuring instruments were used. As long as the material was
onsite, an independent radiation protection control organisation had the opportunity to make
supplementary checks.

Taking core samples was necessary in order to facilitate the approval for
unconditional release of debris after the demolition of the buildings. Samples were taken at
places where previously spots were found with the highest radioactivity levels. At these places,
the probability for penetration of contamination was found to be most likely. All analyses
showed that the specific activity was well below 1 Bq/g, and hence the material could
potentially be released. Although the psychological barrier towards clearance appeared to be
high, finally about 65 % of all metals could be "cleared", the remaining quantity mostly not
having the geometry to allow for adequate measurement. In various operations, 76 tons of
concrete debris was generated, of which 53 % was not radioactive. At the final demolition of
the two buildings, another 2,350 tons of concrete debris was removed to a public disposal
ground for inert wastes.

The project started in 1988, and green field conditions were met in 1991.
The major problem in applying the clearance principle consisted in convincing the authorities to
accept the unconditional release practice. Operations therefore had to be carried out on a case-
by-case basis. Due to the lack of existing target values for clearance, limits were minimized and
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certainly not optimized. Hence, surface activity levels were set at the detection limits of the
existing measurement equipment. This was a major reason why the health physics department
contributed for about 16 % to the overall decommissioning costs for the buildings 6A/6B.

4. CASE 2, THE RELEASE OF 142.6 TONS OF ACTIVE CARBON

During operation of the waste treatment facilities, in a period of 10 years,
a stock of 1,581 drums, corresponding to 166 tons of contaminated active carbon, was built up
by the end of 1994, originating from the Belgian nuclear power plants and from the nuclear
research centre SCK/CEN.

A preliminary sampling and analysis campaign revealed the presence of
137Cs and 60Co, in addition to naturally occurring radionuclides. Gamma emitting radionuclide
concentrations varied between the detection limit of the equipment used and some hundreds of
Bq/kg. Some samples showed some alpha contamination. The most important activity
concentrations, however, resulted from the presence of 14C (500 to 14,000 Bq/kg). Detected
concentrations all proved to be well below the proposed IAEA specific activity limits for
unconditional release. In view of these very low specific activities, the feasibility for monitoring
and cost estimates carried out, clearance of the materials was considered to be the best option.
As a result, an extended sampling and analysis programme was elaborated. After consultation
with the independent radiation protection control organization, the programme was submitted
to the authorities for approval.

On the whole, 61 samples were selected from 645 drums. Most of the
results obtained from the analyses showed specific activity levels below the IAEA
unconditional release limits. Hence, the material could potentially be released. In addition,
never used active carbon samples were analysed as a reference material. The I37Cs content of
these samples was of the same order of magnitude as the 137Cs content in the majority of the
analysed samples. This proved to be a strong argument for the authorities to grant final
approval for the considered clearance practice. Sampling itself appeared to be representative as
was demonstrated by gammascanning of 6 previously sampled drums. Sampling analysis
demonstrated, however, that the material was not necessarily homogeneous within one delivery
consisting of several drums. As a drumscanning system was not available within the company,
and as sampling and characterizing all drums would be very time consuming and very
expensive, in agreement with the authorities, it was decided to monitor all drums by dose rate
measurement. In doing so, the drums, corresponding to the samples with the lowest
radioactivity content, served as a background value. A calibration curve, presenting dose rates
versus radioactivity contents, was derived from previously sampled drums with known
activities. The cut-off level was set at 1.5 times the background value. This cut-off value
corresponded to specific activity concentrations well below the unconditional release limits.

Leaching tests performed on samples indicated that 137Cs and 40K had
readily leached out for respectively 25 % and 45 %. Chemical analysis of the active carbon
showed the presence of 1, 1, 2 triclorethane in concentrations that were unacceptably high for
disposal on the most restrictive type of public disposal ground. This chemical component,
however, was directly related to the fabrication process, and had definitely nothing to do with
the use of the material in a nuclear environment. As a result, the material should be
preconditioned by cementation, prior to disposal.
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Application of this methodology finally resulted in the unconditional
release of 86 % (or 142.6 tons) of the slightly contaminated active carbon. The project
demonstrated the feasibility of releasing materials that actually contained radionuclides in
measurable concentrations. An extensive sampling and analysis programme was carried out. A
simple tool such as dose rate measurements gave enough evidence in order to get the material
released. Moreover, it was demonstrated that sampling of previously homogenized materials
appeared to be representative. This is an important conclusion in view of the future potential
release of previously homogenized structural materials (e.g. resulting from grinding of
concrete). It may not be overlooked that, in addition to nuclear aspects, also pure conventional
aspects play an important role in clearance of materials.

5. CASE 3, THE MELTING OF STAINLESS STEEL FUEL RACKS

Different scenarios for treatment, conditioning and disposal or recycling
of 7 fuel racks from a PWR nuclear power station have been evaluated. The racks were
stainless steel constructions with a total mass of 28 tons. One fuel rack consisted of 30 tubes
with a length of 3 meters and a cross-section of 0.3 x 0.3 m2. Historical data on the material
involved mentioned that the racks had been stored in a fuel pool, but never had been used for
fuel storage due to inadequate construction. According to bookkeeping records a total activity
of 3.0 109 Bq was assigned to the racks, corresponding to a specific activity level of 94 Bq/g.
A cost-to-benefit analysis showed that melting should be the best choice for treatment. So, in
two transport campaigns, the 7 racks were shipped to Sweden for melting in the Studsvik
controlled melting facility.

The information based on which the final characteristics of the fuel racks
were adopted has been obtained in a multiple approach, considering wipe test measurements
(removable fraction), sampling and analyses of parts of the racks, and a computer simulation
based on dose rate measurements and surface contamination data.

Analyses of samples from the rack showing the highest dose rate, revealed
that 60Co was the major radioactive constituent (77 %), followed by 137Cs (20.5 %), 241Am
(1.4 %), and 94Nb (1.1%). Abrasive blasting and electrochemical decontamination of the
samples demonstrated that only part of the contamination could be removed. As a result, and
due to the fact that 94Nb was found to be present, it was considered that activity might have
been induced by activation of the structures. Different estimates carried out indicated specific
activity levels ranging from 1.8 Bq/g to 7 Bq/g. Using a computer code simulation, a specific
activity of 4 Bq/g was calculated for the rack with the highest dose rate, and was considered to
be the most probable value.

According to the data obtained from the first melting campaign (16 tons),
however, the initial specific activity of the racks was equivalent to about 10 Bq/g of 60Co. This
value was derived from analyses carried out on samples of ingots, slag and dust. It appeared
that the specific alpha and beta activity had been underestimated respectively by a factor of 6.7
and 4.4.

As such, although all characterization measurements had been thoroughly
carried out, major difficulties have been encountered, such as:

- the lack of historical data on characterization and use of the racks (contamination or
activation);
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- the representativity of sampling (wipe tests, cutting samples), mainly due to complex
geometries;

- the possible errors in interpreting surface contamination data considering the unknown
quantity of removable contamination and the uncertainty about its distribution to be
homogeneous.

Apparently, there is also no linear response between initially measured
doserates and the specific activity obtained when analysing the samples of the ingots. It is even
questionable, and mainly for the reasons mentioned, whether melting of larger quantities of
samples of the racks on a laboratory scale would have resulted in a better estimate. On the
other hand, melting proved to be the best option with respect to volume reduction and in order
to obtain reliable activity data, provided sampling and analyses are performed using qualified
and proved procedures by the involved parties.

Finally, as almost all ( > 95 %) residual radioactivity was due to 60Co, the
material will be cleared for reuse after a period of interim storage for decay.

6. CASE 4, THE MELTING OF ALUMINIUM HEAT EXCHANGERS

Similar as for the fuel racks, different scenarios for treatment,
conditioning and disposal or recycling of 9 aluminium horizontal shell-in-tube heat exchangers
with a total mass of 42 tons has been evaluated. In addition, 2 tons of aluminium piping has
been considered. Contamination was considered to be on the inner side of the tubes and not on
the shell-side of the heat exchangers. Historically, no specific activity has been assigned to the
heat exchangers.

Based on technical and economic evaluations, melting was chosen as the
best option for treatment. Before melting, however, vacuum cleaning of the heat exchangers
was performed in order to remove loose material. Based on wipe tests carried out after the
cleaning operations, the activity content averaged over the total mass of the heat exchangers
was estimated to be about 3 Bq/g for alpha and 12 Bq/g for beta. For the additional piping
work, higher activity figures of 49 Bq/g for alpha, and 98 Bq/g for beta activities were
obtained. These values could, however, be reduced drastically by a factor of 2 to 10, by
decontamination via high pressure water jet spraying.

The feedback of activity data resulting from the melting of the fuel racks,
as indicated in section 5, however, was a good reason to re-evaluate the estimates mentioned
previously. As such, 6 samples were taken from tubes of the upper and lower parts of three
heat exchangers. Direct measurement of these samples indicated activity levels for alpha and
beta of respectively 29.9 Bq/g and 26 Bq/g. These values proved to be considerably higher
than those derived by wipe test measurements (factor 10 for alpha and 2 for beta).

After subsequent melting of the samples by Studsvik in Sweden, ingots
and slag were analysed indicating activity levels of 74.2 Bq/g for alpha and 7.1 Bq/g for 60Co.
Based on these figures, a re-evaluation of the activity, averaged over the total mass of the heat
exchangers, resulted to be 2.4 Bq/g for beta (^Co) and 1.9 Bq/g for alpha. As the last figure
was higher than the unconditional release limit applied in Sweden, 1 Bq/g, the heat exchanger
tubes were mechanically cleaned with a steel brush, vacuum cleaned, and rinsed with water to
remove remaining surface particles and dust. After cleaning, a first transport, containing 4 heat
exchangers (18.5 ton), was shipped to Sweden. When preparing this transport, a lot of
difficulties were met concerning the exact definition of the material to be shipped. Extensive



206

consultation between the authorities of the countries involved (including transport) finally
resulted in defining the materials as re-usable goods. It took almost 6 months, however, to
solve this misunderstanding.

In the controlled melting facility of Studsvik, the heat exchangers were
melted in 33 separate batches. Shell material and tubes were melted separately, and samples
were taken for analyses. Samples from ingots resulting from the melting of the outer parts of
the heat exchangers, showed specific activity levels for alpha and beta, which were well below
the unconditional release limits. As such, this material should be available for unconditional
release in Sweden. Melting of the inner tubes, however, resulted in ingots with activity levels
for 241Am, which are slightly above the target limits, at least for certain batches. The same was
true for 60Co, although this should not be a problem as storage for decay is considered to be an
acceptable part of the practice. If the material had been melted without separation of the inner
tubes and the outer shell of the heat exchangers, the obtained activity concentrations would
have been 0.42 Bq/g for 241Am and 0.78 Bq/g for 60Co. Gammaspectrometrical analysis
indicated that 60Co was the most abundant (> 98 %) radionuclide. Analysis of some samples
from tube ingots, however, showed a ^'Pu to 241Am ratio of 4. As a result, it was obvious that
the total alpha activity largely exceeds the unconditional release limits. Based on these figures,
the ingots resulting from the melting of the tubes are not available for unconditional release and
will be returned to Belgoprocess in Belgium.

As a result of these experiences, an aggressive mechanical
decontamination of the heat exchanger tubes was investigated. As such, the remaining heat
exchangers were mechanically decontaminated using an air powered tube cleaner with a
cleaning tool on a rotating shaft, and incorporated water flushing to remove deposits as they
are loosened.

Before planning any additional transport of heat exchangers in view of
melting, and as a result of the discrepancies detected between analytical data and estimated
figures, a research programme was set up on a laboratory scale with the aim to reduce possible
uncertainties associated with sampling and analysis. Therefore, after aggressive
decontamination, samples have been taken from the heat exchanger tubes for analyses both in
the Belgoprocess and the Studsvik laboratories, in order to obtain a complete characterization
prior to and after melting of the samples. The final goal is to obtain a sampling and analysis
procedure, that can be approved and accepted by all the parties involved, which is considered
to be a first priority as misinterpretation might lead to unnecessary melting and/or
decontamination operations. In view of the possible associated costs, alternative treatment
methods indeed could become more interesting, e.g. cutting, compaction and cementation as
nuclear waste. At present the analytical data from both laboratories are not yet available or
have not yet been exchanged and compared. Hence, conclusions cannot be drawn.

As mentioned, no further shipment of remaining heat exchangers will be
envisaged before an agreement has been obtained about the methodology for sampling and
analyses and on the interpretation of the data obtained. This case, however, clearly
demonstrates the difficulties encountered in representative sampling, measurement and
interpretation. It has been illustrated in Table 1, listing the different calculated and actually
measured activity concentrations.
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TABLE 1. Survey of calculated and measured activity concentrations (Bq/g)

a

3

wipe
test

3 (aT)

12 (pT)

1tubes
samples

direct measurement
max.

57.9 (<xT)

40.4 (px)

average

29.9 (<xT)

26 (PT)

melt
(Sweden)

74.2 (aT)
2.9 (24IAm)

7.1(*°Co)

heat exchangers
(total, calculated)

initially

24.5 (<xT)

2.4 ("Co)

ingot

1-9 (aT)

0.2 ("Co)

melt
(4 heat

exchangers)
average

0.42 (241Am)

0.78 ("Co)
ax: total alpha
3T: total beta

7. PRACTICAL EVALUATIONS CONCERNING MEASUREMENTS FOR
CLEARANCE

An overview of the characteristic data related to the cases mentioned is
given in table 2. Data on the unconditional release of materials resulting from the
decommissioning of the former Eurochemic reprocessing building are given in Table 3. This
table clearly demonstrates the importance of the application of clearance practices in
optimizing the volumes of radioactive wastes.

for clearance:
Some practical evaluations result from the experience with measurements

it is important to have the historical data concerning the radiological composition and the
use of the materials involved; data on previous manipulations such as decontamination are
also extremely important;
materials and structural components should be dust free in order to avoid recontamination;
after chemical decontamination, some waiting time should be respected in order to allow the
material to sweat,
measurements must be carried out in low background radiation areas;
direct measurement for alpha contamination is very susceptible to errors due to surface
conditions (e.g. roughly scabbled surfaces) and the presence of dust or salts; the surface
should be completely dry, and as such, it is extremely important to use "dry"
decontamination techniques yielding smooth surfaces (e.g. shaving of concrete walls);
drumscanning is very suitable for gamma emitting radionuclides, provided the material is
homogeneously distributed; large errors may be induced for other materials, however, due
to improper correction for shielding effects;
in reprocessing facilities, alpha radionuclides are mostly associated with beta and gamma
emitters; the initial isotopic composition may change drastically, however, for instance as a
result of extensive rinsing of the material; as such, the highest care should be taken in
calculating alpha activities from detected beta activities, by simply using an isotope vector;
certified standards should be used in suitable and representative geometries;
due to the low values of proposed unconditional release limits, the uncertainties on the
analytical results may become very important;
the active-passive neutron analysis technique gives rise to detection limits for alpha that are
far too high in relation to clearance;
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in situ gammascanning looks very promising for measuring large surfaces; in combination
with sampling and analysis of representative demolition debris, this technique may yield
valuable and reliable results, and as such, in situ gammascanning may be considered as one
of the decision making analytical techniques prior to demolition;
after clearance and before disposal, materials should be temporarily stored in specifically
designated areas;
when considering unconditional release of materials, non-nuclear aspects are important as
well, especially for disposal on public disposal grounds; they are subject of a specific
legislation with different specific requirements and dealing with different authorities;
regulations vary from country to country; as such, it may happen that material
unconditionally released in one country, has to be considered as radioactive when exported
to another country.

8. CONCLUSIONS.

Belgoprocess applies the clearance principle in order to optimize the
volume of radioactive wastes, and annually releases several hundreds of tons of materials from
the controlled areas. This quantity is continuously increasing due to the application of
optimized tools and methods for dismantling and decontamination. Melting of metals is a very
promising (and already applied) technique in clearance practices, and has the potential to treat
much larger quantities as is done today, provided, however, that unconditional release limits
are generally accepted.

Many of the problems encountered in clearance practices are
psychological rather than technical problems. Industrial practices that exist for a long time
suffer less of this phenomenon due to the general public acceptance of the practices as such.
The public is not anymore aware of the actual existing risk factor.

A lot of studies on clearance/exemption are based on results obtained in
various research activities, incorporating the potential to introduce multiple errors when
proposing unconditional release limits. This will finally result in very conservatively low values.
This can be illustrated by the individual dose of 10 microsievert per annum for a release
practice, a value nowadays considered as a maximum allowable figure. Unconditional release
limits based on this philosophy have nothing to do anymore with optimization. Too
conservative values put restrictions on the practical application of clearance.

Limits must be based on risk factors taking into account the equity
principle towards other existing industries and/or practices, generally accepted by the public
and, bearing in mind the optimum use of resources. The risk factors for these practices are
higher than those currently used in most of the safety evaluations concerning clearance of
materials. Clearance studies therefore should be thoroughly screened, especially in view of
starting points and correct parameter settings. Involvement of practicians in these studies, prior
to drawing final conclusions, certainly would be very beneficial, helpful and encouraging.
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TABLE 2. Summary of the four clearance cases.

Item

Storage buildings
6A and 6B

Active carbon

Fue! racks

Heat exchangers

Material type

ss + c
Concrete

Concrete debris
Bulk goods

SS

Aluminium

Mass (ton)

47
2,330

76
166

28

42
(18.5 ton melted)

Abundant
radionuclide

137Cs,Pu

'"Co, 137Cs, 14C

"Cs, 137Cs

"'Co, 24IAm, 238Pu

Monitoring type

SC
Core sample: SA+1

Sample: SA+1
Sample: SA+1

Leaching
Doserate

SC
Samples: SA+I

Melt: SA+I
SC

Sample: SA+I
Melt: SA+I

Clearance limits

SC a 0.04 Bq/cm2

P 0.4 Bq/cm2

SA: 1 Bate
IAEA limits

(TECDOC-855)

IBq/g
(Sweden)

lBq/g
(Sweden)

Clearance (%)

65
100
53

96

98,5

in progress

SC: Surface Contamination Measurement
SA: Specific Activity
I: Isotopic composition

SS: Stainless steel
C: Carbon steel

TABLE 3. Decommissioning of the Eurochemic reprocessing building. Data on produced and cleared quantities.

to
o

Year

1990
1991
1992
1993
1994
1995
1996
Total

Others
kg (%)

9 002
2 933
6 349
1785

11395
11814
6 926

50 204

(97.1)
(72.0)
(16.6)
(35.9)
(67.9)
(39.0)
(64.6)
(58.5)

Metal
kg (%)

20 639
37 466
61 193
52 576

169 430
120 913
113 908
576 125

Produced

(36.5)
(47.7)
(24.9)
(41.2)
(85.8)
(64.0)
(88.8)
(67.0)

quantities (% cleared)

Concrete
kg(%)

23 003
2 113

12 796
37 906
48 039
69 040

194 770
387 667

(80.9)
(0)
(0)

(4.7)
(6.9)
(0.4)

(51.1)
(31.8)

Barite
kg(%)

0
0

14 630
27 528
70 587
42 508
71 143

226 3 %

(0)
(0)

(100)
(93.4)
(100)
(99.0)
(99.4)
(98.8)

Total
kg

52 644
42 512
94 968

119 795
299 451
244 275
386 747

1 240 392

Clearance

Total
kg
34 865
20 003
30 892
49 816

226 941
124 319
275 839
762 675

%
Cleared

66.2
47.1
32.5
41.6
75.8
50.9
71.3
61.5


